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A NEW THEORY OF THE UNIVERSE.
BY E. A. PEOCTOE, B.A., P.E.A.S.

IS THREE PARTS, PART I.
THE present century Lias been remarkable for the progress which
has been made in all departments of astronomy. Within the solar
system, within the sidereal or galactic system, and within the yet
wider range ascribed to the nebular system, discoveries of the most
important character have been effected. There is a singular contrast, however between the amount of positive knowledge which has
been deduced from observational labours within the solar domain,
and the somewhat vague ideas which astronomers are content to
hold respecting the sidereal space. I shall endeavour to exhibit the
fullness of this contrast, and then to point out some of the more
remarkable consequences which seem to flow from modern observations within the stellar and nebular domains.
At the end of the last century astronomers recognized in the
solar system a mechanism of an uniform and symmetrical character.
Around a central orb they saw revolving a family of dependent
globes, vast in their absolute dimensions, but minute in comparison
with the massive globe which sways their movements. Amongst
these bodies they saw several attended upon by yet smaller globes,
forming secondary systems, which resemble in many respects the
great system of which the sun is the controlling centre. The late
VOL. in.—NO. i.
B
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discovery of Uranus Lad led them to recognize the possibility that
beyond the known planets there may exist others, perhaps by no
means the least important members of the solar system. Little was
known, however, that differed in kind from what had been known
to Aratus, Hipparchus, or Ptolemy. When we have named the
ring of Saturn and a few periodic comets, which were looked on
rather as accidental solar attendants than as forming a normal feature of the system, we have mentioned all that the three last centuries
had revealed which differed in character from what had been recognized for two thousand years.
Very startling is the contrast when we turn to consider the views
at present held respecting the solar domain. We no longer see a
system which, however complex, might yet be very adequately
represented by human mechanisms. We recognize, within a sphere
exceeding manifold in diameter the orbit of distant Neptune, a
variety and complexity of formation of which the human mind is
unable to form adequate conceptions.
The increase in the number of primary attendants upon the
Sun, though far from being the most remarkable discovery
which has been made during the present century, is well worth
dwelling upon for a moment. We have lately heard of the detection
of the 98th asteroid, and yet it was but on the opening day of the
century that the first of these bodies was discovered. In these new
members of the solar system we recognize characteristics which had
not hitherto been presented to the notice of astronomers. We see a
series of bodies, primaries of the planetary system, which yet,
instead of travelling in distinct and widely-separated orbits, revolve
in paths closely interwoven. Even when but forty had been discovered it was truly said that if each orbit were represented by a
hoop, it would be impossible to lift any one of these hoops without
lifting the whole set. We may fairly assume that for each discovered
asteroid there are to be reckoned tens, perhaps hundreds, which
will remain for ever undiscovered.
It has been found, also, that there exist within the solar system
myriads of dependent comets. Revolving around the Sun in orbits
of the most varied figure, differing among themselves in size and
character, and presenting—some of them—the most singular phenomena that have ever rewarded astronomical observation, these objects
remain among the mysteries of science. The only two which have
as yet been submitted to the searching analysis of the spectroscope
are found to consist of a gaseous nucleus attended by a coma which
probably shines by reflected light ; but whether this is the case
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with all or even the generality of comets it would be assuming too
much to assert.
The most remarkable feature of modern astronomical discovery
remains yet to be mentioned. A phenomenon which men had long
been in the habit of looking upon as a meteorological one has
been at length recognized in its true light, and has been found
wonderfully to enhance our appreciation of the complexity of the
systems which exist within the solar domain. Meteors, shootingstars, and aerolites have taken their place among the attendants of
the Sun ; and, in several instances, the orbits they have followed
before they reached the Earth have been approximately determined.
But it is rather as members of systems than as individual bodies,
that these objects acquire their chief interest and meaning. There
was not much, perhaps, to attract attention to them when they
were supposed to form one or two rings occupying a position in
space very nearly coincident with that of the earth's orbit.
But it
has now been placed beyond a doubt that the earth encounters fiftysix systems, at least, of these small bodies. And these systems are
found (in the only instances yet examined) to be—not circular
rings—but ovals of great eccentricity extending far into space,
even, in some cases beyond the orbits of Uranus and Neptune. It
is clear, then, that we can no longer look on these systems as
resembling, in the remotest degree, the asteroidal zone. We are
forced, too, to take into consideration an important question of
probability. What is the likelihood that if there were but a few
hundreds of such systems, the earth would encounter so many as
fifty-six ? The probability may be reckoned " almost at naked
nothing." And therefore we are compelled to admit as a legitimate
à posteriori deduction, the extreme probability, we may almost say
the certainty, that such systems are to be reckoned—not by hundreds and thousands—but by millions on millions.
Nor is this all. Within the last few months the startling discovery has been made that two of the meteoric systems at least,
and probably many others, coincide throughout then* calculated
extent with the orbits of known comets. Accordingly, we are led
to trace an intimate connection, if not an absolute identity, between
comets and shooting-star systems.
And when we find that a
system, which has afforded such grand displays of star-falls as the
well-known November shooting-star system, is identified—not with
a large and conspicuous comet—but with one which has only lately
been detected, though it must have been in close proximity to the
earth some thirty times during the last thousand years, with a comet,
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in fact, which is absolutely invisible to the naked eye, and far from
being a conspicuous object in powerful telescopes, we are led to
recognize the importance of such comets as Newton's, Halley's, and
Donates.
The result to which these considerations lead is clearly this :—
The interplanetary spaces, so far from being looked upon as untenanted, save by an occasional wandering comet, must be considered as crowded with various forms of cosmical matter. I would
not be understood as using the term " crowded" in a sense implying
absolute proximity between the various members of the cometic or
meteoric systems. On the contrary, the evidence that we have
assures us that the sum of the volumes of all the members of a
system must bear an indefinitely small proportion to the total space
occupied by the system. But if an eye armed with new powers of
vision, and placed at some far distant point, could see at one glance
all the systems which occupy the solar domain, they would appear
as a complicated network formed by interlacing streams of cosmical
dust. And, amidst the streams of misty light representing cometic
or meteoric systems, the planets would shine forth as distinctly and
as brilliantly as the brighter stars upon the background of the
Milky Way.
Nor does it seem difficult to determine the general laws according
to which the density or compactness of the interwoven streams
would seem—to an eye placed as we have supposed—to vary with
distance from the central orb.
Proceeding from the outermost parts of the system towards the
Sun, we may conceive that there is in the more remote regions a
gradual condensation, but that this increase of density becomes
much more rapid in the immediate neighbourhood of the Sun. This
is not the only law, however, according to which the density of
matter distributed throughout the solar domain must be supposed
to increase. There is a certain plane near which all the primary
members of the solar system are observed to move.
In the
asteroidal family, whose members depart more freely than the
larger planets from this great central plane, there is, nevertheless,
a distinctly marked obedience to the general law of aggregation in
its neighbourhood. Three-fourths of the asteroids revolve in orbits
less than ten degrees inclined to the medial plane, and there are
not ten of them whose orbits are inclined so much as twenty
degrees. Now, on a first view of cometic orbits, we notice scarcely
any trace of a tendency to aggregation near the medial plane of
the solar system. Nay, so'far is this from being the case, that

among several hundreds of comets whose orbits have been determined, a decided tendency of a very different character has been
noticed. If we suppose the Sun to lie at the common vertex of a
double cone having a semi-vertical angle of forty-five degrees, and
its axis perpendicular to the medial plane, then the planes of cometic
orbits exhibit a tendency to present themselves as tangent-planes
to this imaginary cone."* But when we consider cometic orbits
more closely, we find abundant evidence of a tendency amongst
those comets which are nearest to the Sun to aggregate around the
medial plane of the solar system. There are some twenty comets
which have been recognized as travelling within the orbit of Saturn.
Among these there are only two whose orbits are inclined more
than fifteen degrees to the medial plane of the solar system. Now
there is no reason whatever for supposing that there are not multitudes of undetected comets whose perihelia lie far nearer to the
Sun than any yet discovered. On the contrary, we have distinct
evidence of a rapid increase in the number of perihelia, with decrease
of distance down to and within the neighbourhood of the Earth's
orbit ;f and, remembering the probability that comets whose perihelia
lie nearer to the Sun would escape observation altogether, we have
every reason for supposing that this law of increase is continued—
as why should it change ?—right up to the immediate neighbourhood
of the Sun. And further, we may confidently assume that that
obedience to planetary laws which, as we have seen, begins to be
* This tendency has been pointed out by one of our most distinguished modern
astronomers. As it seems impossible to suggest any rational explanation of so remarkable a peculiarity—for we have to explain, not merely the fact that the orbit-planes showno tendency to coincidence with the medial plane, but also the fact that the medial
plane should be connected, in any way, with cometic orbits—one seems permitted to
question whether the peculiarity is real, or only apparent. Now, if we remember that,
cœteris paribus, the greater the inclination of a comet to the plane of the ecliptic (virtually coincident with the medial plane of the solar system) the greater the antecedent
probability that the comet will be detected, we may recognize a cause for the observed
peculiarity, independently of any real peculiarity in the arrangement of cometic orbits.
A gradual diminution in the number of orbits as we leave the plane of the ecliptic, in
combination with this gradual increase in the probability of detection, might very well
lead to such a result as we have specified. According to the law of decrease or increase
respectively, the variation in the numerical distribution of observed cometic orbits might
point to the existence of a maximum at any assigned inclination to the ecliptic.
The tendency in question is so far from being strongly marked that this consideration
may, for the present, be held to be a sufficient explanation.
t Thus, out of one hundred observed comets, fifty-eight have perihelia between forty
millions and a hundred millions of miles from the Sun, twenty have a less perihelion
distance, and four only have a perihelion distance exceeding one hundred and sixty
millions of miles.
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exhibited by comets within the orbit of Saturn, becomes yet more
marked among comets nearer to the Sun. Therefore, it seems
highly probable that cometic orbits, and especially those which are
nearest to the Sun, show a marked tendency towards aggregation
near the medial plane of the solar system.
A celestial phenomenon, of which we have not hitherto spoken,
appears to gain a far easier explanation from the considerations
above adduced, than from the theories ordinarily adopted respecting it. The zodiacal light has been accounted for in three ways.
There are some who hold that it is an atmosphere of the sun ;
others that it consists of a ring of cosmical particles, travelling
around him in a nearly circular orbit ; and others that it consists of
a lenticular disc of cosmical dust, each portion of which travels in a
nearly circular orbit. The remarkable phenomena presented by the
zodiacal light, its strangely fluctuating figure, its varying position,
and the singular increase and diminution noticed in its distinctness,
are not accounted for by any of these theories. But if we recognized in the zodiacal light merely the effect of the above-considered
aggregation among the cometic or meteoric systems which exist
within the solar domain, the variations I have mentioned become
readily explicable. A multitude of bodies travelling in orbits of
every degree of ellipticity and magnitude, but with a marked
aggregation in the neighbourhood of the Sun, and with a yet more
marked aggregation in the neighbourhood of the medial plane of
the solar system, would, in the first place, exhibit precisely such an
appearance as the zodiacal light ; and, in the second place, the
general illumination resulting from the congregated comets would
be liable to continual variation. Comets would be continually
arriving within and passing away from the region within which
their light would assist in forming the appearance we are considering. At one time the press of arrivals would temporarily increase
the density of cometic aggregation ; at another, the reverse would
hold for awhile, and the zodiacal light would wax and wane accordingly, precisely as it is observed to do. So also its figure and
apparent position would be liable to changes corresponding to
those which are actually presented. Therefore, without denying
positively that the zodiacal light is caused by the existence of a
multitude of minute bodies travelling in orbits of small eccentricity
around the Sun, we hold that the phenomena correspond far more
closely with those which would be presented if there is in the
neighbourhood of the Sun a great increase in the density with
which cometic and meteoric systems are congregated together in
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the neighbourhood of the medial plane of the solar system. And
this correspondence becomes a strong argument in favour of such
an increase of density when it is remembered that, as we have seen,
there exist independent reasons for believing an aggregation of this
sort to be not only possible, but highly probable.
But whatever opinion we may form on this and kindred questions, there is no dubiety whatever about the general results which
have been presented above. Our conceptions of the solar domain
are different, indeed, from those formed of old. " There was true
prophecy/' as has been well remarked by the late Professor Nichol,
" in the exclamation of Laplace, who, although knowing more of
the celestial mechanism than any man then living, said earnestly,
on his death bed, ' That which we know is little ; that which we
know not is immense.' "
When we turn to examine the views which were held respecting
the sidereal system at the commencement of the present century we
find that they are distinguished by no very marked points of difference from those at present entertained. Yet have many important
discoveries been made in the interval, which seem to suggest a
modification, in many respects, of the views which have so long held
their ground. What these are we proceed to point out.
So soon as the Copernican theory had become thoroughly
established, and had been supplemented by adequate conceptions of
the dimensions of the Earth's orbit round the Sun, it became manifest that the stars must be placed at an enormous distance from the
solar system. That the motion of the Earth in an orbit one hundred
and eighty millions of miles in diameter, should produce no appreciable effect on the configuration of the constellations, could be
explained in no other way than by supposing that an orbit of these
dimensions, viewed from the nearest fixed star, would scarcely
present appreciable proportions. And when the nicest observation
with the most accurate instruments which were then procurable,
showed that any parallactic displacements which might exist among
the stars, were insensible, or, at any rate, fell short of recognised
instrumental errors, astronomers were compelled yet further to
extend their conceptions of the immensity of the interval which
separates the Sun from the nearest fixed star.
Accordingly, the notion that each visible star may be a Sun, in
magnitude and splendour equal to, or perhaps excelling our own,
was early recognized by astronomers as not merely reconcilable
with the apparent minuteness of the stars, but as suggested by a
comparison of the brilliancy of their light at the enormous distance
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we have referred to, with the splendour of the great luminary of our
system. And it was seen that the great variety of lustre which is
observed among the stars is no evidence of any corresponding
variety in their real magnitudes, but may be readily explained by
the supposition that the stars are placed at different distances from
the Sun. Perhaps astronomers in this respect fell into the opposite
error, and were too ready to assume diversity of distance as the
sole, or almost the sole, explanation of difference of lustre. " The
supposition," says a modern writer, " has been usually adopted ;
and we accordingly consider the stars to derive their variety of
lustre almost entirely from their places in the universe being at
various distances from us." Here we may apply the first lesson
which is taught us by a consideration of the solar system ; and,
from the analogy of that system, with the infinite diversity of magnitude presented among its various members, we may learn to
expect a corresponding diversity among the components of the
great sidereal system.
When the considerations which had been applied to the scattered stars visible either to the naked eye or with the telescope,
came to be extended to that vast irregular annulus of nebular light
called tho galaxy, or Milky Way, the most startling conceptions
were suggested of the enormous extent of the sidereal system.
This remarkable zone had from the earliest ages engaged the attention of astronomers. Long before Galileo had resolved portions of
it into stars, Democritus had maintained just views respecting its
structure. Manilius also suggested—
" An major densâ stellarum turba corona
Contexit flammas, et crasso lumine candet,
Et fulgore nitet collate- clarior orbis."

Regarded, however, as a zone of suns, this phenomenon acquired
a new and astounding significance. If we could suppose a multitude of suns resembling our own to be so closely compacted
together as the component stars of the Milky Way appear to be,
there must result an inconceivable splendour in those far distant
regions ; if, on the other hand, the orbs which seem to lie in such
close order, are in reality separated by distances comparable with those
which separate the Sun from the nearest fixed star, how inconceivably distant must they lie from us, that such intervals as these
should be diminished to evanescence ! The last supposition has
been the one universally accepted by astronomers. Of the two it
clearly accounts best for the observed appearance of the galaxy.
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I shall presently have occasion to show the probability, if not the
certainty, that neither view represents the relations which actually
subsist among the stellar components of the Milky Way.
The phenomena presented by this zone of nebulous light are
intimately associated with the remarkable researches of Sir William
Herschel among the fixed stars. This eminent astronomer, in
whom were presented all the qualifications required to constitute a
first-class observer, side by side with that power of systematic
reasoning on observed facts which so seldom accompanies the
highest observing powers, was early fired by the bold ambition to
gauge the depths of our sidereal system. He cast aside the notion,
which had been held, almost unquestioned, till his day, that the
stars of that system extend on every side to an infinite distance.
He saw that the existence of a Milky Way affords evidence that the
sidereal system has definite bounds ; and he quickly grasped at the
only method which is available for the determination of its figure.
" This great, inspired, and cautious observer," says Humboldt,
" first cast the plumb-line into the depths of heaven, to determine
the boundaries and the form of the separate cluster of stars which
we inhabit." It has been said of him that " he broke through the
barriers of the heavens (cœlorum perrvpit claustra)/' and we shall
presently see in what sense these words have been used. But it
must not be forgotten that to his labours and to those of his son
are due tho ideas we at present hold of what those barriers are.
He was at once the Romulus and the Remus of astronomy ; he
marked out the limits of our system, and he showed how man
might boldly venture beyond those limits into the domain of the
illimitable.
Herschel's method of gauging the sidereal heavens has been
long and deservedly the theme of admiration. The boldness and
originality of the conception, and tho unwearying perseverance with
which the laborious processes involved were carried out—by the
elder Herschel over the northern hemisphere and by the younger
over the southern—are unexampled in the history of observational
astronomy. Assuming a certain approach to uniformity in the distribution of the stars, and also (for this is very important) that there
is no such law of extinction of light in traversing great distances as
would prevent a telescope of great power from penetrating the full
depths of the system in every direction, it is clear that a very
simple process will serve to indicate the relative distance of the
observer from different parts of the system's exterior surface. This
method and its results have already been discussed in the pages of
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the " Intellectual Observer."* We have seen that the labours of the
two Herschels seem to show that the stellar system forms a flatfish
disc of stars, whose central plane corresponds with that of the
Milky Way. In one direction this disc is cloven, and those parts
of the heavens which lie opposite the two divisions of the stellar
disc are occupied by a double stream of milky light.
We have seen also that Herschel soon recognized a complexity
in the structure of the sidereal system, which prevented him from
regarding the figure of a cloven disc as any save the roughest representation of the galactic system. He saw that in portions of the
Milky Way the stars exhibit a tendency to form themselves into
clustering groups, and he saw that a tendency of this sort would be
quite sufficient to vitiate, not merely those gauges which were made
in the direction of the clustering stars themselves, but also those
made in neighbouring regions ; for where the stars were clustering
together, the star-gaugings would indicate a depth not really presented by the sidereal system in that direction, and the regions in
which stars were more sparsely strewn, owing to the influence of
neighbouring aggregations, would also give false evidence, but of
an opposite kind, respecting the depth of the system.
Other peculiarities militating very strongly against the idea of
uniform distribution, and sufficing largely to enhance the complexity
of the problem which the Herschels have striven to solve, must be
reserved for Part II., in which I shall complete the discussion of
accepted theories, leaving for Part III. the presentation of the new
views which seem to be suggested by modern discoveries.
* See " Notes on Star-streams," " Intellectual Observer " for August, 1867, Figs. 3
and 4.

(To be Continued.)
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WOMANKIND IN THE FEUDAL CASTLE (Continued from Vol. II. p. 462.)—
THE FEUDAL LADY OUT OF THE CASTLE—WALKING, BIDING,
AND DRIVING:.

CHAPTER X.
life within the feudal castle was, as we have already seen,
sufficiently free and easy ; but when dames or damoiselles left the
precincts of the castle, they were more studious of personal behaviour, less natural, and more ostentatiously proud. A wide gulf
lay between those of gentle blood and the bourgeoisie, and, still
more, the peasantry. The lady could only even be personally waited
upon by those who were of gentle birth, like herself.
The more formal rules of behaviour among the higher class of
the gentility were, of course, taught orally, and we have, therefore,
no direct account of them, but the feudal or semi-feudal age has
left us some popular written codes of the teaching of good manners,
which, though intended for the edification of the bourgeoisie, were,
no doubt, imitations of the manners of the castle. These are found
in France and in England. The author of the " Menagier- de
Paris," compiled in 1393, gives his young wife, to whom it is
addressed, especial advice as to the manners of a lady in walking in
public. " As you go," he says, " look straight before you, with
your eyelids low and fixed, looking forward to the ground at a
distance of five toises (thirty feet), and not looking at, or turning
your eyes to man or woman who may be to your right or left, nor
looking upwards, nor changing your look from one place to another,
nor laughing, nor halting to speak to anybody in the street." Other
similar directions breathe the same spirit. An English metrical
code of instructions, compiled probably some thirty or forty years
later, is printed in Mr. FurnivalFs " Babees Book," under the title
of "How the good Wiif taughte her Doughtir." Among other
things, which show rather a deficiency in refinement, the young
maiden.is taught to be " of seemly semblant, wise, and of good
manner •" and she is told how she is to walk in public :—
SOCIAL

And whan thou goist in the way, go thou not to (too) faste ;
Braundische not with thin heed ; thi schuldris thou ne caste ;
Have thou not to manye wordis ; to swere be thou not leefe (ready) ;
For alle such maneres comen to an yvel preef (result).
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In the illuminations of mediæval manuscripts, we now and then
see the feudal gentry and ladies in their more ceremonious behaviour,
as they exhibited themselves to the outer world. My old friend,
M. du Sommerard, of the Hôtel de Cluny, published in his Album,
from a manuscript now in the Bibliothèque de PArsenal at Paris,
which was written and illuminated in the fifteenth century for a
prince of the houso of Burgundy, a picture representing the lords
and ladies of a noble or princely household walking out from the
castle into the town, and it is known that at this period the court

same sex, walked together, they held each other by the hand. To
judge from the literature of the time, it was the height of refinement
in the twelfth and thirteenth centuries, to hold each other by the
finger only. Even the sainted ladies in Paradise are described as
walking in couples, and holding each other by the finger,—
L'une tint l'autre par le dois.
La Court de Paradis, in Parbazan, iii., 139.

And so in the Roman de la Violette, at the great festival given by
the King, after having taken part in various enjoyments, the guests
distribute themselves through the hall in couples (a lady and a gentleman) who take each other by the finger—
Quant il orent assés déduit,
Par la sale s'acoinsent tuit ;
Li uns prent l'autre par le doi,
Si s'arangierent doi et doi.

When they had enjoyed themselves enough,
They all went in couples through the hall,
One takes the other by the finger,
And so they arranged themselves finger
and finger.

Roman de la Violette, p. 10.

And in the still earlier period, the hero Ogier le Danois walks with
the Princess Gloriande, holding her in the same manner—
Donques enmainne le bon Danois Ogier,
E Gloriande, qui par le doit le tient.

Then leads away the good Dane Ogier,
And Gloriande, who holds him by the finger.

Roman d'Ogier, p. 110.

At the same time, however, and especially in the later feudal
period, the ladies and gentlemen, or two or more ladies together,
took each other by the hand, and this is the fashion represented in
the picture just described, and in other contemporary illuminations.
It is often alluded to in the mediæval writers. The reader of Chaucer
will remember the scene in " The Flower and the Leaf," in which
the knights are seen strolling into the beautiful fields, to join the
ladies who were there following their recreations;—
And every lady tooke, fulle womanly,
By the bond a knight, and forth they yede (went).
OUTSIDE THE CASTLE.

of Burgundy was allowed to be the perfect model of courtly etiquette. This picture is copied in the accompanying cut. There is
one part of this illumination especially to be remarked, and to be
recommended to the attention of modern artists, who are given to
represent our forefathers in these old times as walking arm-in-arm,
which is a comparatively modern custom. As here represented,
when two persons of different sexes, or even if they were of the

And, a few lines further on,—
And at the last I cast mine eye aside,
And was ware of a lusty company,
That came rominge out of the fielde wide,
Honde in honde a knight and a lady.

In the Romances of the Round Table, at the festival given by
King Leodegan, when visited by King Arthur, the latter mounted
hand in hand with the fair princess Genièvre, afterwards to be his
queen, from the gate up into the palace. So with Gauvain and the
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maiden in the dit, or lai, of the " Chevalier à l'Espée," printed
in the first volume of Méon's collections of fabliaux—
Encontre lui sailli Gauvain
Et la pucele main à main.

It also reminds us in some measure of the pictm*e given above.
When ladies walked together, they also usually held hands in this

similar scene, which is laid in the Forêt Périlleuse, where King
Bohor and his brother, the enchanter Guinebaut, and their companions, find a knight of great distinction, and his lady of no less
beauty, seated on thrones, and witnessing likewise a fair party of
dancers, the lady rises to salute the king and his friends, and invites
them to sit on the grass. A song by one of the trouvères
of the thirteenth century, Guillaume de Vinier, begins by telling us
that the songster " found two ladies seated in a verdant meadow."
Dales un pré verdoiant
Trovai deus dames seant.

Just in the same manner, in a poem entitled " De la Fole et de la
Sage" of the thirteenth or fourteenth century, the writer pretends
to see " two ladies near him seated on the grass," and he proceeds to
repeat their conversation—
Encor m'est-il avis que je doie veoir
Deus dames delez moi desus l'erbe seoir.
Jubinal, Nouveau Recueil, H., p. 74.

DAMOISELLES OF THE CASTLE WALKING- IJî THE FIELDS.

same manner. In the accompanying cut, taken from one of the
illuminations of Queen Mary's Psalter, of the beginning of the
fourteenth century, a party of damoiselles are seen walking in the
fields thus holding each other by the hand. It was less common with
the men, and seems always to have been regarded as a mark of
ff
more than ordinary friendship. In the romance of
Ogier le
Danois," when the Emperor and Ogier become reconciled, the sincerity of their friendship is shown by their walking together hand
in hand. Or they walked thus when employed on some ceremonious
occasions, as when, in the Romances of the Round Table, the
twelvo princes of Rome go on a message to King Arthur from the
Emperor Lucius, they approach him drawn up two and two, each
couple holding by the hand.
Seats were not abundant in the feudal ages, but the ladies appear
to have been remarkably skilful at sitting down or squatting on the
ground. This was the constant practice when the knights and
ladies were taking their recreations in the fields, or in their garden.
In the Romances of the Round Table, in the scene between
Merlin and Viviane, when the knights and ladies, esquires and
maidens, have ceased dancing, the ladies and maidens sit down upon
the grass to look on at the exploits of their companions of the other
sex at the quintain, and at other such games ; and in a somewhat

A MEDIÆVAL FICSIC.

only a seat on the grass, « a
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carry their provisions with them on mules or horses of burden. A
picture by an Italian artist of the fourteenth century, in a manuscript preserved in the Imperial Library in Paris, represents the
miracle of the multiplication of bread described in the Gospel. The
accompanying cut gives the portion of it in which the females are
seated on the ground receiving their bread, and furnishes a good
illustration of the mediæval manner of squatting on the grass. But
with the feudal travellers it was performed with somewhat more
ceremony, and, in fact, it became sometimes a veritable pic-nic, at
least in form. In the romance of Garin de Montglane, Garin and
his love, the fair Mabile, on their way to the court of the Count of
Limoges, are obliged not only to feed, but to sleep, on the grass.
The preparations for the first are thus described in the romance :—
The valet drew from the coffer, or chest, a table-cloth (nape), and
spread it on the grass. Then he took out bread, and wine, and fish,
and pigeon-pies (pastés de colombìax), of which latter " there was
plenty." He next sought water, to wash. When the repast was
finished, as night began to approach, the valet proceeded to make
the beds, " as he had been well taught," of fine hay newly made ; he
made a thick layer of it, and spread over it white sheets, and its fair
coverlet of scarlet and grise.* To gratify any of my fair readers who
may be curious to know the exact manner of this process of bedmaking in the fields, in the earlier part of the thirteenth century—
for to that period the romance belongs—here are the very words of
the original—

WOMANKIND
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manner of sitting, or squatting, in church, is well represented in
our cut, taken from a manuscript in the British Museum (MS. Harl.
No. 2897, sol. 157, v°), which is ascribed to the reign of Henry IV.,
that is, the earlier part of the fifteenth century. It was, literally,
open churches and free sittings. The same volume contains several
other similar groups ; and another manuscript in our great national

Li vallez fist les lis, qui bien en fu apris,
De beau fain qui estoit novellement cueillis,
Grant couche li fait, si li a blans dras mis,
Et son bel covertoir d'escarlate et de gris.

It was not only in the fields, and in the open ah", that the ladies
sat upon the ground. The readers of good old François Villon, who
wrote in the middle of the fifteenth century, will remember the lines
of the " Grand Testament," in which, speaking of the ladies of
Paris, he says,—
Regarde-m'en deux, trois, assises
Sur le bas du ply de leurs robes,
En ces monstiers, en ces églises.

In the Middle Ages, pews were little known, except as belonging to
favoured individuals, but open seats were still less known, and the
ladies, and some of the men also, when listening to the sermon of
the preacher, squatted on the ground as they did in the fields. This
* jEscarlate was a cloth of that colour, and gris was a rich fur.

LADIES IN CHUEOH.

collection (MS. Eeg. 20 C. VIL, sol. 77, r°), which appears to belong
to the latter years of the century previous, gives us a similar group
of persons sitting on the ground to listen to the preacher.
Before the feudal period, women in general were probably not
much accustomed to riding, or, when they rode, they were rather
carried by the horse, as a beast of burden, than as an animal
which they had at command. We have already given examples of
ladies riding, both sideways and astride, taken from Anglo-Saxon
VOL.
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manuscripts, but it is probable that in Western Europe this was not
a very common practice before the feudal period, when Womankind
rose to a higher and more independent position in society. And
even then it was probably not till a rather late period that the practice became general. It is introduced not unfrequently in the great
romances compiled in the latter part of the twelfth and in the thirteenth centuries, but the conducting of the lady on horseback
appears in them almost as a ceremony. The ladies appear riding in
some of the illuminations to these romances, which, however, are
chiefly of the fifteenth century. This is the date of the manuscript
of the Roman de la Violette, or of Girard de Nevers, which has
furnished the accompanying cut, representing Girard and his party
on their way to the tournament of Montargis. It is a very good
picture of a party of knights and ladies of this date riding on a
journey. In one of the poems printed by Jubinal in his " Nouveau
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A lady riding prided herself on her dress, and on the richness of
her trappings. In the Romances of the Round Table, the damoiselle whom Gauvain encountered in the forest was mounted on a
rich palfrey of Niort (a place which appears to have been celebrated
for its breed of horses), and she had an ivory saddle, with stirrups
of gold, and housing of scarlet.- The bridle was of gold, with gold
frino-e. She wore a surcoat (bliauts) of white satin, and a wimple
of linen and silk, and her head was inclosed in a fine tissue, which
formed a protection against the sun. In the Romance of Gaufrey
(one of the Romans de Geste), the Princess Flordespine is mounted
on a valuable mule, the saddle of which was of ivory, inset with
gold ; on the bridle was set a gem of such power, that it .gave light
in the darkness of night, and whoever bore it was safe from all
disease. The housing was of marvellous workmanship ; and attached to it were thirty small bells, which, when the mule went
on a gentle amble, produced a wonderful melody. At a later period
than this, Chaucer says of his wife of Bath—
TJppon an amblere esely sche sat,
Wymplid ful wel, and on hire heed an hat
As brood as is a bocler or a targe ;
A foot-mantel aboute hire hupes large,
And on hire feet a paire of spores scharpe.

THE JOUENEY TO MONT AEGIS.

Recueil," the Dit des Anelés, the story turns on the pilgrimage to
St. James in Galicia, by a knight and his lady. The knight takes
his wife with him reluctantly, on account of the hardships and
dangers of such a journey; they were well mounted, and were
accompanied by an esquire, and by a valet who led the sumpter
horse.
Moult bien furent montez, s'orent i. escuier,
Et i. loial vallet qui menoit le sommer.

Among the pictures in an illuminated manuscript in the British
Museum (MS. Reg. 20 C. VII., sol. 185, v°), of the latter end of the
fourteenth century, there is one which is here copied (see next page),
representing the ceremonious entry of the Duchess of Burgundy into
Paris in 1369. The duchess, in her rich costume, is seated upon
her palfrey. Her lady of honour, who rides behind her, is similarly
mounted. This picture might almost be taken to represent a scene
of older romance. In the great romance cycle of Garin de Loherain,
we are told how the noble Princess of Maurienne, the fair Blancheileur, afterwards the queen of Pepin, made her entry into Paris.
" She had her head bare, and a robe of red samit, or satin, covered
gracefully her limbs. The palfrey which carried her had the whiteness of the fleur-de-lis ; its housing was of the utmost richness;
and the bridle alone was worth the weight of a thousand pounds
sterling.'-5 I will not follow the poet in his description of the personal beauty of the lady, or of the richness of her dress.
The ladies of the feudal period, as appears by the pictures in
the manuscripts, rode in two manners, either sideways or astride.
Usually—probably riding steady animals—they rode sideways ; but
when dames of what we may perhaps term a " faster " character
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mounted spirited horses, and especially when they joined in hunting,
they rode astride. In my next chapter I shall give some pictures
of mediæval ladies riding in this manner. But there is one circumstance especially deserving of remark. In all the illuminations of
manuscripts with which I am acquainted, whether Anglo-Saxon,
Anglo-Norman, French, or English, older than the beginning of the

THE DUCHESS OF B0BGUNDX ENTERING PARIS.

sixteenth century, the lady, when riding sideways, always sits with
her legs on the right side of the horse, with her left hand towards
its head. I know of one example to the contrary. A manuscript in
the British Museum (MS. Harl., No. 2278), of the latter half of the
fifteenth century, contains a copy of the poet Lydgate's Life of St.
Edmund, rather copiously illuminated. In one of these illuminations (sol. 92, r°), illustrating one of the posthumous miracles of the
saint, we see a lady riding on a horse, on the same side as ladies
ride at present. But the story of the miracle, is, that three ladies,

WOMANKIND IN THE FEUDAL CASTLE.

21

one of whom was deaf, the other dumb, and the third deprived of the
use of her hands and feet, went together to the shrine of the saint
to be cured ; and, as the only way of conducting thither the last of
these, they put her upon a horse. She is not, properly speaking,
riding, but is placed upon a strong horse, in a knight's saddle, in
an awkward position, and has evidently no command over the horse.
And also the duchess of Burgundy and her lady in the preceding
cut are introduced riding in this manner. There can, I think, be no
doubt that, down to the end of the fifteenth century, or, I may say, to
the reign of Henry VIII., ladies riding sideways always sat with their
legs on the right side of the horse, and with their left hand to its head.
I have not yet been able to ascertain the exact time at which the
change took place, or how it arose, but I suppose the cause to have
been that, about this time, the ladies abandoned the slow and easygoing animals they had formerly employed, to ride more spirited
horses. It seems evident that, to possess a full command over the
horse, the rider must have her right hand to his head.
During the ages of which we have been speaking, the ladies rode
either the mule or the palfrey. Previous to the feudal period the
mule appears to have been little known in Western Europe, for the
only name the Anglo-Saxons had for it was mul, which, of course,
is merely the Latin mulus, and we only find it used in translating the
Latin word in ecclesiastical writings. The animal, itself, was apparently of an inferior breed, and used only for menial purposes. The
more honourable use of the mule was, probably, derived from the
Saracens in Spain. I am informed by a friend, Dr. Hyde Clarke,
who has lived long in the East, that the mule of the East is a much
finer animal than the mule of our northern climates, and that it is
especially calculated for a lady's riding. "A fine mule," he tells me,
" is showy, will go at a good rate, with a steady pace, and an easy
seat, and work his way over mountain-paths, and rocky defiles, and
among muddy and stony ways." In the Carlovingian romances,
which represent especially the tradition of the Saracenic period,
ladies of the highest rank are introduced riding upon the mule.
Thus, in the romance of Huon de Bordeaux, the Duke Huon, after
marrying a Saracen princess, when starting on his way home,
mounts his fair Duchess on a mule,—
II fait la dame sor i. mulet monter ;—

and in the romance of Gaufrey, as just quoted, the Princess Flordespine is mounted on a mule. So, in Parise la Duchesse, the
duchess is mounted on an " ambling mule,"
Sor i. mulet anblant font la dame monter,

- V
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and again, further on,—
Sor i. mulet anblant ont la dame monté.

Twice in the romance of Garin le Loherain, a lady of high rank
is introduced mounted on an "Arabian mule." I might bring
forward other examples of this use of the mule from the romances,
and from the mediæval poetry of rather a later date. In the little
poem of Hualine and Aiglantine, printed in Meon's collection, we
are told that :—
The lady Eglantine had a mule,
Dame Eglantine ot une mule,
Miaudre de li ne fu ainz nule,
Better than it there was never none,
All white as a crystal ;
Tote blanche con un cristax ;
Qui sor li siet ne sant nul max.
Whoever fits upon it feels no evil.
Soef la porte l'anbléure,
It carries her gently at an amble,
Eor it knows no other pace,
Qu'il ne set nule autre aléure,
But goes so very easily
Mais tant par vet sinplemant
That she does not even feel the dew.
Que rosée ne sant noiant.
It has a rein at the head of great quality,
Erain a où chief de grant paraje,
Which was made with very great richness ;
Qui moult fu fait de grant barnaje ;
La chevece fu tote d'or,
The bridle was all of gold,
The Moors made it in Egypt ;
En Esgipte la firent Mor ;
The reins are of beaten gold,
Les règnes sont à or batues
With silk-thread well woven.
De fil de soie bien tissue.
She had a fair saddle, and well worked,
Sele ot bele, et bien ovrée,
De tote part bien atornée,
Well adorned in every part,
Et moult i ot assises pierres
And very many gems were set there ;
Esmeraudes qui furent chierea.
Emeralds, which were of great worth.
De paile fu la coverture,
The housing was of silk,
She who has it, cares for no other ;
Qui cele a, d'autre n'a cure ;
For it is of so very great beauty,
Car tant par est de grant bealté,
Que jà sa per ne troverez.
That you will never find its equal.
Li enel sont de blanc argent,
The rings are of white silver,
Sororé sont et avenant.
They are doubly gilt and handsome.
Li es trier sont d'or noielé,
The stirrups are of gold nielloed,
Bien forbi et bien atorné.
Well polished and well arranged.
Uns espérons ot la pucele
The maiden had a spur,
Of which, I dare not give you a description,
Dont ne vos os dire novele,
Car plus sont chier si esperon
Eor her spurs are of more worth
Que li roiaumes Salemon.
Than Salomon's kingdom.
Méon, Nouveau Recueil, torn, i., p. 359.

It will be seen that, when ladies rode abroad, they prided themselves on the beauty of their trappings.
As the age of feudalism advanced, the mule appears gradually to
have gone out of use for riding, and the ladies took to the palfrey.
The palfrey always held a high place in the stable, and the great
ladies often rode it ; but the mule seems to have been considered
as having a steadier and more certain pace. In that branch of the
great romance cycle of the family of Lorraine, which tells of the
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death of Begon of Belin, the fair duchess Beatris, grieved at seeing
her husband Begon in sorrowful mood, says, to console him,
" "Why are you thoughtful, sire Begon ; you, so high, so noble, so
bold a knight? Are you not a rich man in the world? Gold
and silver fill your coffers ; vair and gris (the richest clothes) your
wardrobes ; on your perches, you have hawks and falcons ; in your
stables, abundance of steeds, palfreys, mules, and horses of value."
Begon's reply reveals one . of the finer features of the spirit of
feudalism. " Lady, you say true ; but you have mistaken in one
thing. Wealth does not consist in rich clothes, in money treasured
up, in horses of value, or great palfreys. It consists in friends, in
kindred; the heart of a single man is worth the gold of a whole
country." We see here the palfrey and the mule reckoned among
the most valuable animals of the baronial stud, and the former
placed first. In this same cycle of romance, as already stated, we
have the Princess Blanchefleur entering Paris mounted on a palfrey.
In the later poetry, ladies are continually introduced riding upon
palfreys, and the mule was soon abandoned. Women rode more
generally, and more spiritedly ; and while, on one hand, the practice of riding- astride was no longer considered becoming, on the
other, as I suppose, as the fair riders felt the want of greater command over the horse, the seat was changed from the right side of
the horse to the left. So far, as I have yet been able to trace it,
the change appears to have taken place about the beginning of
the sixteenth century.
In primeval times, women were, probably, carried in carts or
waggons, when the family moved from one place to another, if
the latter were rich or powerful enough to command "such means of
locomotion, which, were, no doubt, very clumsy and inconvenient.
In later times, when ladies rode, this mode of carriage still continued in use ; but, apparently, only on special occasions. The
carriage, itself, was called, in Latin, carra ; and in Prench, and later
English, a car or char. Ducange quotes an early Latin treatise on
the miracles of St. Liudegar, the writer of which, speaking of a lady
and her daughter, " The mother and daughter placed together in a
char (in una carra mater simul et filia positœ), were brought to our
church." In the feudal period, these chars became objects of pride
and ostentation, and were used on great ceremonial occasions. A
curious poem, entitled, " Le Tournoiement aus Dames," which M.
Paulin Paris thinks may be ascribed to so early a period as the year
1185, tells us how knighthood, having so far fallen into neglect
that tournaments had ceased, the ladies consulted together, and
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decided on holding a tournament of their own. Among those who
attended this- tournament are introduced the names of nearly all
the great ladies of France. Among others, was the Countess of
Britany, who summoned all her ladies to come in chars, for the purpose, as she said, of making greater pomp—
La contesso... si a mandée
Toutes ses dames sanz eschars
Qu'elles vienent dedenz les chars,
Qu'ainsi, ce dist, le voudra fere,
Por plus le beuban contrefere.

The countess has summoned
All her ladies, without sparing,
That they come in chars,
For thus, she said, she would do,
To better represent the pomp.

In the thirteenth century, these chars were evidently looked upon
as marks of pride, and as belonging only to people of rank and
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city in pompous procession, she had, in her train, two chars filled
with her court ladies. One of them was overturned, and Richard
of Maidstone tells us, exultingly, how, in their fall, the ladies
exposed their persons unbecomingly to the gaze and jeers of the
multitude, as he looked at it as a judgment of heaven upon the
extravagance of the time, of which, he considered the use of chars
as one of the signs—
Namque sequuntur earn currus duo cum dominabus ;
Rexerat hos Phaeton, unus enim cecidit.
Femina feminea sua dum sic femina nudat,
Vix poterat risum plebs retinere suum.
Casus et iste placet, veniat, rogo, quod mihi signât,
Corruat ut luxus et malus omnis amor.

In the fifteenth century, the use of the char appears to have
become common, and we meet, more frequently, with pictorial
representations of it in the illuminated manuscripts. The one given
in our cut, is taken from a manuscript in the British Museum
(MS. Reg. 14, E. V. sol. 408), of the fifteenth century. It is the
usual form of the char, as we see it in manuscripts, and had probably remained unaltered from a very early period. It is an open
carriage, or van, with a body like that of a waggon, and an arched
roof supported upon wooden posts. Inside were seats and cushions
for the ladies, and other conveniences and luxuries. The whole
carriage was sometimes adorned with rich ornaments, and covered
with curtains. The seat for the driver was outside, in front, or
often, he sat, like a postillion, on one of the horses. Our next
cut furnishes a good example of the ladies' char. It is taken from
a finely illuminated manuscript of the French translation of Vale-
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gentility; for Philip le Bel, King of France, by an ordonnance
given in 1294, forbade the use of chars to the wives of citizens. In
the Roman de la Rose, the lady Venus is described as riding.in a
char drawn by six doves. On the reconciliation of Richard II. with
the citizens of London, when the king and his queen entered the

TULLIA DBIYING OVEE

HEB PATHEE'S BODY.

rius Maximus, of the latter part of the fifteenth century, preserved
in'the Imperial Library in Paris (No. 6984), and represents the
story of Tullia, the Queen of Tarquin the Proud, ordering her
charioteer to drive over the body of her slaughtered father, Servius
Tullus.
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NEW FACTS IN ECONOMIC BOTANY :
THE PROPERTIES OP THE GENUS CO RIA RIA.—THE LEAVES OP THE
DAGGER PLANT.
BY JOHN E. JACKSON, A.L.S.,

Curator of the Museum, Kew.

genus Coriaria has long been one of interest to botanists,
owing to peculiarities of structure, from which it has been placed byvarious authorities in different natural orders, and by some the
characters have been considered sufficiently distinct to constitute a
separate natural order under the name of Coriariœ, which arrangement has been confirmed by Dr. Hooker and Mr. Bentham in their
Genera Plantarum, where the order is placed between Anacardiaceæ
and Moringeæ. Four or five species of Coriaria are known. They
are found in southern Europe, Peru, New Grenada, New Zealand,
Nepal, etc. They are all shrubs, with opposite, simple, ribbed,
entire, ovate, cordate, or lanceolate leaves. The flowers are white,
and hang in clusters, and are either monœcious, diœcious, or hermaphrodite. The calyx is five-parted and bell-shaped, and the
corolla has five fleshy petals, from the base of which, and beneath
the ovary, spring ten stamens. The fruit is composed of five
carpels, seated upon a thickened receptacle, and surmounted by
five stigmas.
In New Zealand, Coriaria sarment osa is called the " Tutu," or
wine-berry shrub, from its shining, black, berry-like fruits, being
full of a sweet, dark-red juice, which the natives express both for
use as a beverage and also for soaking their baked fern-root in
before eating. It is remarkable that the seeds themselves are
highly poisonous, but the juice, when expressed and strained, is
quite harmless. This, however, has some analogy in the fruit of
the Strychnos nux vomica, the seed in that fruit being, as everyone
is aware, the seat of the alkaloid strychnine, while the pulp which
surrounds the seed is eaten and relished by the natives in many
countries where the plant grows. The effects produced by eating
the seeds of G. sarmentosa, Forst., are convulsions and delirium, which
in many cases continue several hours, and frequently terminate
fatally.
A case is recorded in a New Zealand paper of a man belonging
to one of the native regiments having nearly killed himself by
eating these berries. The symptons, it is said, strongly resembled
THE
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those of poisoning by strychnine. Chloroform was administered,
the inhalation of which quickly relieved the patient. When chloroform is not at hand, an injection of half a drachm of extract of
conium, mixed with a pint and half of warm water, and given
occasionally as the fits of delirium come on, is said to be the next
best remedy. Camphor, oil, or soap, are also recommended as good
antidotes.
The most remarkable instance of the poisonous properties of the
Coriaria is mentioned in a letter from Dr. Haast, of Canterbury,
New Zealand. It occurred to an elephant which, after being landed
at Otago, was marched inland by its owner for a considerable distance. Arriving at a suitable halting place, where the vegetation
was abundant, the owner determined to give the animal a spell of a
few days' feeding. The grass, which had been burnt off during
the previous season, had shot up again with renewed vigour, and
amongst it was a very fine crop of succulent young plants of
Coriaria. The elephant fed amongst this herbage for four hours,
and afterwards went to a neighbouring creek and had a long drink.
In turning back, the animal began to reel, fell on the ground, and
died after three hours ; so that it took only seven hours from the
time the beast began to feed amongst the plants until he died. It
would seem from this instance that the poison must be very
virulent. It is, moreover, remarkable that the elephant should,
like sheep and cattle, eat the plant, while the horse will not
touch it.
A similar poisonous property seems to reside in C. myrtifolia, L.,
a deciduous shrub, with myrtle-like foliage, native of Europe, the
fruits of which are reported to have caused the death of several
French soldiers in Catalonia. The leaves, which likewise contain
some proportion of the same poisonous principle, have been used to
adulterate senna, and serious consequences have been the result.
The poisonous principle from this species has been extracted in
France, and called by chemists Coriamyrtine.
A species of Coriaria, C. thymifolia, H. B., grows in Peru and
New Grenada, and is there called the Ink Plant, from the fact of
the juice being used as a substitute for ink. There is indeed a
tradition prevalent in New Grenada, which is worth recording here.
It happened during the Spanish administration that a number of
written documents, destined to the mother country, were embarked
in a vessel and transmitted round the Cape. The voyage was
unusually tempestuous, and the documents got wetted with salt
water. Those written with common ink became nearly illegible,
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whereas those written with " chanchi " (the name of the juice) remained unaltered. A decree was therefore issued that all government communications should in future be written with the vegetable
juice. Whether this story is true or not, we are not in a position to
vouch ; but Dr. Jameson, the Professor of Botany at Quito, writing
to a friend in England, says that he generally uses this vegetable
ink in preference to the commercial article, as it does not so readily
corrode a steel pen. The ink, when first used, has a reddish tinge,
but becomes quite black after a few hours.
These plants, then, it will be seen have, besides a botanical, a
peculiar economic and chemical interest, which we think are worth
investigation by those who reside in the localities where they grow,
and who thus have facilities offered them for such an examination.
A new material for ladies' bonnets, together with a bonnet made
of the same, has recently been received at the Kew Museum. The
material in question is the prepared epidermis of the leaves of the
West Indian Dagger Plant, Yucca aloifolia, L. This grows to a
large size in the West Indian islands, and consequently produces
leaves of greater length and width than those yuccas usually seen
in our own gardens ; so that a tolerable length of material is yielded
by one leaf.
The preparation and application of this new material is due to
the ingenuity of a Mrs. Josephs, of Falmouth, Jamaica. Her mode
of proceeding, however, has not transpired.
The substance is
simply the epidermis of the leaf, thoroughly cleansed of all succulent
and fibrous matter, and then apparently carefully bleached, perhaps
with chloride of lime, or dyed, as occasion requires. In the Kew
Museum are specimens simply bleached as well as dyed, the
colours (mauve and blue) being derived from Judson's dyes, now
so much advertised for ladies' use.
Though so delicate, and apparently fragile, this material is said to
be very durable, not readily taking the dirt or changing colour. If
it can be produced and prepared in Jamaica, and sent to this country
at a sufficiently cheap rate to make it " pay," we have no doubt
it may become an article of trade ; that is, of course, providing a
supply could be ensured to meet the demand : and, considering the
small quantity of material required at the present time to make a
bonnet, there seems to be no probability of a failure on this
score.

COCCOLITHS AND COCCOSPHERES : AND NOTES ON
ORGANIC BODIES IN REIGATE FIRESTONE.
BY HENRY J. SLACK, F.G.S., SEC. ROYAL MIC. SOC.
(With a Plate.)
THE recent acquisition of knowledge concerning deep-sea life, has
materially increased [the interest attaching to the organic bodies
known as Coccoliths and Coccospheres. These objects do not exhibit
any preference for depth. Dr. Wallich informs me that they are
readily obtained, for example, off the coast of Plymouth, at about
seventeen fathoms ; but they appear to play an important part in
regions far below those in which any of the higher species of marine
plants have been found. The sketches appended hereto will show
those who are unacquainted with them the general appearance of
these objects, better than a verbal description. (See Plate.)
They were first noticed by Ehrenberg in chalk, and described
by him as mineral concretions of particles derived from organic
bodies.
Not having the original [paragraphs of the Prussian
naturalist before me, I quote from the "Micrographie Dictionary"
(article Chalk) :—" The cementing material of chalk consists of very
minute, numerous, and remarkable bodies called crystalloids. They
are elliptical, or rounded and flattened, from 1-10,000" to 1-2,500"
in length; the most numerous, perhaps, 1-3,000"; some of them
consist of a simple ring, in others it is marked with pretty regular
transverse lines, so as to make it appear jointed; in others again
there is a thinner central portion, often exhibiting one or more
granules. M. Ehrenberg regards these as arising from the disintegration of the microscopic organism forming the chalk, into much
more minute calcareous particles, and their reunion into regular
elliptical plates (or disks), by a peculiar process, differing essentially
from, and coarser than, that of crystallization, but comparable with
it—one probably preceding all sloiv crystalline formations, and
causing, but not alone, the granular state of solid inorganic matter."
This very gratuitous hypothesis was not found conformable with
subsequently discovered facts. The Rev. J. B. Reade first recognized
the "crystalloids" as organic, Mr. Sorby noticed their resemblance to
recent objects from the sea-bed, and they were investigated by Dr.
Wallich, Professor Huxley, and others. Mr. Sorby figured chalk
Coccoliths (as Professor Huxley called them) in the " Annals of
Natural History," 1861. He noticed a radiatory arrangement of the
carbonate of lime, and sketched some of a granular character.
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The easiest way to see these objects is to place a drop of water
on a slide, and rub into it a particle of chalk in the shape of whiting, cover with glass, illuminate with one of the small stops of
an achromatic condenser, and employ a power of about 500. Fig.
2 represents Coccoliths and other minute bodies drawn from a slide
so prepared. It will be found that the Coccoliths are by no means
uniform in size, exact appearance, or degree of convexity.
In the "Annals of Natural History "for the same year, Dr.
Wallich mentioned the abundance of Coccoliths to be found in the
sea-bed, and he described and figured " Coccospheres " as " minute
spherical cells, having a defined limitary wall, and upon their outer
surface the Coccoliths of Professor Huxley, arranged at nearly regular
intervals. The cells when crushed are seen to contain a homogenous,
gelatinous, and almost colourless matter, exhibiting no visible trace
of organization, and in all probability consisting of sarcode. This
wall of the cell may be distinctly seen under a high power; but
from the minuteness of the entire structure I am unable to do more
than attest its existence." Dr. Wallich met with the cell in a
fractured condition.
He further says, " Coccoliths are of an oblong shape, concave in
their internal aspect, namely that on which they are attached to the
surface of the Coccosphere cells, and convex externally. In short
they are spoon-shaped, only with a much less marked concavity."
He found their average length 1-2,700", and suggested that as they
occurred in adhesion to Textularia, there might be some connection
between the two.
Dr. Wallich's figures exhibit a tendency to a dotted or beaded
formation, and in one sketch he showed two small central spots.
Professor Huxley read a paper on this subject before the British
Association (reprinted this year in "Quart. Jour. Mic. Soc,"
October, 1868). He referred to Captain Day man's soundings
in 1857, in the North Atlantic Telegraph Plateau. In the mud
thus obtained he found the Coccoliths, and assumed them to be
inorganic because they were rapidly dissolved by dilute acids.
Thus they received their doubtfully appropriate name of Coccoliths,
or " berry-stones."
Captain Day man found the fresh mud from the Atlantic sea-bed
very sticky, and Professor Huxley ascertained this to arise from the
presence of a gelatinous substance in lumps of all sizes, from patches
visible with the naked eye to excessively minute particles. They
contained " granules, Coccoliths, and foreign bodies." " Solution
of iodine stains the granules yellow, while it does not affect the
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matrix. Dilute acetic acid rapidly dissolves all but the finest and
some of the coarsest granules, but apparently has no effect on the
creature. Moderately strong solution of caustic soda causes the
matrix to swell up. The granules are little affected by weak
alkalies, but are dissolved by strong solutions of caustic soda or
potash."
Professor Huxley thus describes the varieties of Coccoliths he calls
" Discoliths " and " Cyatholiths," the former being " oval discoidal
bodies with a thick refracting rim, and a thinner central portion,
the greater part of which is occupied by a slightly opaque, as it
were, cloud-like patch." These bodies are between 1-4,000" and
1-5,000" in long diameter, but may be found 1-2,700" or 1-11,000".
The Cyatholiths are described as " oval, convex on one face, and flat
or concave on the other." When lying flat they " appear composed
of two concentric zones, surrounding a central corpuscle." Size
from about 1-1,000" to 1-8,000" in length.
To make what he conceives to be their structure more clear,
Professor Huxley says, " supposing it (a Cyatholith) to rest upon
its curved surface, it consists of a lower plate, shaped like a deep
saucer or watch-glass ; of an upper plate which is sometimes flat,
sometimes more or less watch-glass shaped; of the oval thickwalled, flattened corpuscle, which connects the centre of the two
plates, and of an intermediate substance, which is closely connected
with the under surface of the upper plate, or more or less fills up
the interval between the two plates, and often has a coarsely granulated margin. The upper plate always has a less diameter than
the lower, and is not wider than the intermediate substance
Suppose a couple of watch-glasses, one rather smaller and much
flatter than the other ; turn the convex side of the former and the
concave side of the latter, interpose between the two a hollow
spheroid of wax, and press them together—these will represent the
upper and lower plates and the central corpuscle. Then pour some
plaster of Paris into the interval left between the watch-glasses and
that will take the place of the intermediate substance." The
sketches attached to this description represents the Cyatholiths as
very much like shirt studs, the front piece being either a simple
curve or flat.
I suppose the objects which I have found in abundance in the
deep sea mud, which Dr. Cai*penter obligingly furnished me with,
are " Cyatholiths,'' and if so I think they will be found still more
complicated than they are represented in the preceding- account. I
examined them with various powers, Ross's \ inch, Beck's { and -2V,

32

COCCOLITHS AND COCCOSPHERES.

and Ross's -njths condenser. Ordinary transparent illumination is
very unreliable when the forms of minute objects of considerable refracting power have to be ascertained. I tried therefore to view them
by reflected light, but only with partial success. The best information seemed to result from the use of Ross's \ inch, stopped down to a
moderate angle (I believe about 70), and his D eye-piece, giving a
power of 420 linear. The illumination was arranged with the largest
hole and central stop of his /^-ths condenser, which strongly light
up the object upon a dark ground. By varying the angle of the
mirror under the stage, the principal light can be thrown from any
azimuth, and strong shadows cast in the opposite direction. If
different sides are successively lit up in this way the various hollows
become conspicuous, and effects are produced similar to the views
obtained of lunar craters when the sun is rising or setting upon
them. In numerous instances I have obtained the appearance
shown in Fig. 1 d. First there is an outer rim, slightly raised, then a
shield, or dishcover-like elevation, and in its centre a depression with
one or more bright dense spots rising in it. As these objects are
anything but easy to make out, I shall be glad to know what other
observers can see.
Professor Huxley names the protoplasmic matter which makes
the sea mud viscid, Bathybium, thereby assuming its being a distinct
organism, which may not be the case. The varieties of Coccoliths
which he names "Discoliths " and " Cyatholiths," he is led to believe
" are not independent organisms, but stand in the same relation to
the protoplasm of Bathybium as the spicula of sponges, or of radiolaria, do to the soft part of those animals."
This seems a very doubtful hypothesis. Its foundation is apparently the absence of any marked quantity of sarcode in thé Coccoliths, as evidenced by their prompt disappearance in dilute acetic
acid. It is very advisable, however, that observations should be
made on these bodies in a living state, as soon as they are obtained
by dredging.
The Coccospheres which I have examined in Dr. Carpenter's
dredgings are all small, when compared with free Coccoliths, and
Dr. Wallich had noticed that free Coccoliths were usually much
larger than any of those which were aggregated into Coccospheres.
This suggests the notion that the bodies may grow after separation
from the Coccospheres. Moreover, if we examine a number of
Coccoliths with high powers, we shall find considerable difference in
their details of structure, as well as in their size.
In the "Monthly Microscopical Journal for January, 1869,"

32

ulTHS AXD COCCOSPHrJBES.

and Ross's f*0tbs condenser. Ordinary transparent illumination is
very unreliable when tho forms of minute objecte of considerable refracting {>uw*>rhave tó be ascertained. I tried thornis/a
iew them
by reflected light, but only with partial success. f*b»
; information seemed to result from the use of Ross's § ft^^^teap
down to a
moderate angle (I believe about 70), and. h -.,
rig a
power of 420 linear. The ilhanmatiou WK m&M^-^m
hole and central stop of his ,\fcus eoa<tejjjM. v+ì««a íiWs^ |jj light
up the object upon * dark ground, Bf:-*SÈeyiQg
ao«; :' '-■■t the
mirror under the stag*?, the principal jiijjfet can <**» thrown from any
azimuth, and strong- shadows cast m th ? opposite direction. If
different sides ar« successively lit up in this way the various hollows
become con*pir.«c*s, and effects are produced similar to the views
obtained of h*a*w craters when the sun is rising
feÉamg upon
them. 1» ÉjÈifcSi** instances I we o»faiu«".i
-;.»;:■• *.*»ece
shown m
i *f > First there is an OÍÌÎ*Ì rwi, <>Iigb*t/ sussed, then a
shield. m$}to%*0Êtt 'Hke «ICYÍ Ì©* . ar.4 m.^ty4Umxrtc> a depwawsion with
one •:>?
-sight dean*
ái.S*. ' A* thèse objects are
MMiÉâiÉÍ *n*t Mur to make âMÉL i ai&aH a* râwl to know what other
M

I*rofes8or Huxley names tho protoplasmic matter which makes
(he sea mud viscid, Bathybium, thereby assuming its baing a distinct
organism, which may not be the case. The varieties of Coccoliths
which he names "Discoliths " and " Cyatholiths," he is led to believe
" are not independent organisms, but stand in the same relation to
the protoplasm of Bathybium as the spicula of sponges, or of radiolaria, do to the soft part of those animals."
This aeem* a v-ny doubtful hypothosia. Its foundation is appa-

*tm should be
made on tuoHO bodies JO a «v*^.
as ao
f we obtained
by dredging.
Tho Coccospheres which I have ox ant* ied in I r»i^rpenter's
dredgings are all small,'when compared .WJ
íoc-. . fl*hs, and
Dr. Wallich had noticed that free Coccolil
usually much
largor than any of those which were aggreg
Coccospheres.
This suggests the notion that the bodies ma<
Nf separation
from the Coccospheres. Moreover, if we
a number of
C#rr>Liths with high powers, we shall find c(
I difference in
their details of structure, as well as in their
In the "Monthly Microscopical Joaoritt
•uarv, 1869,"

COCCOLITHS

AND

COCCOSPHERES.

83

Dr. Wallich. gives his reasons for maintaining that the free
Coccoliths met with have been invariably derived in the first
instance from the spherical bodies discovered by him in 1860, in
soundings from the North Atlantic, and to which he assigned the
name of Coccospheres. He is also of opinion that the Coccospheres
have no direct relation to the protoplasmic substance Huxley calls
Bathybium. Dr. Wallich points out, in opposition to Professor
Huxley's hypothesis, that in pure globigerine deposits, in which
there is scarcely a trace of slimy matter, Coccoliths and Coccospheres
exist in profusion.
A tendency towards beading is very noticeable, in the Coccoliths
I have seen, and this may indicate an approximation to the vegetable
rather than to the animal series. In the sea depths it is probable that
other organisms besides diatoms discharge vegetable functions, and
I would suggest the advisability of considering whether this may
be the case with the Coccoliths and Coccospheres. In the present
state of science, no one expects the distinctions between animal and
vegetable life to be sharp and clear in the lower organisms ; but I
presume bodies would be ranged as vegetables if their chief
nutritive processes consisted in bringing inorganic matter within
the circle of life ; and in the animal series, if the main part of their
food consisted of matter already organized, in however slight a
degree.
Under the polariscope Coccoliths shine brilliantly, with a
whitish light, diversified by dark markings, which often look cruciform; though a magnification of about 900 or 1000 will usually
show that this appearance depends upon the position occupied by the
denser portions. The thin margin, noticeable in many specimens, acts
feebly upon the polarized light ; the little beads or spherules act
strongly, and the interspaces are dark. To see the true action of
polarized light, the power should be sufficient to show the little
nodules or beads sharply, when the analyzing and polarizing prisms
are so arranged as to allow light to pass freely. Upon changing
their position so as to give a dark ground, each bead glistens with
a phosphoric-looking lustre.
I pass from the Coccoliths to some bodies which a cursory
inspection might lead one to imagine to be related to them, and
which maybe found abundantly in that curious material, theEeigate
Firestone, which consists of loosely aggregated particles, apparently siliceous, and of two kinds. One kind is irregular and angular,
acting strongly upon polarized light. The other is more or less
spherical, or discoid, and presents the aspect of an organic cell.
VOL. nr.—NO. I.
D
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My attention was called to these bodies by Mr. Wenhain, in a letter
dated April 14, 1868, in which he said, " I herewith enclose a small
sample of Reigate Firestone ; it endures a greater degree of heat
without melting or cracking than any of the composts made up of
fire-clay; its non-cracking qualification is attributable to the
remarkably loose state of aggregation of its component particles.
It is stated to be composed of silex. Under the microscope,
though containing numerous sharp and angular quartzose fragments (best distinguished under the polariscope), yet the great
body of it is composed of spherules of somewhat uniform size.
These spherules, examined in water, or Canada balsam, appear to
be filled with granules, or to .be vesicular, and are not sensible to
polarized light."
In water or Canada balsam, and with transmitted light, these
bodies appear flattened, or discoid, and to be furnished with a margin
or rim which is sometimes beaded. In Fig. 3, a represents one of them
in a sound state ; b and c show different degrees of rupture which,
if, as I suppose, they are organisms of some sort, must have preceded their fossilization ; d is a curious instance of one of these
bodies adherent to a semi-crystalline mass of silex, and joined by a
thread to another which is incomplete. Many of the angular particles exhibit traces of organization adhering to them, chiefly in the
form of beaded threads ; e is a transparent fragment, exhibiting no
structure except the holes.
The sketches in Fig. 3 must not, however, be taken as correct
indications of the real forms of a, b, and c, but as giving their
apparent forms as seen with transmitted light, and focussed so as to
give the clearest view. In reality, the objects are mostly spherical,
and there is no sharp distinction of centre and margin. A small
spherical body, transparent and refractive, will never be seen in
true shape by high powers and transmitted light. If such a body
has markings all over it, and a surface one, at the highest point
immediately under the objective, is brought in focus, those markings which surround what in such a position is the horizontal
diameter of the sphere will not be seen at all, or seen indistinctly,
according to the dimensions of the sphere and the penetrating
power of the objective. If we then focus objects in the plane of the
horizontal diameters, as at a and b, Fig. 4, we shall get the appearance of a bright definite margin, although it does not really exist.
It is an optical margin of distinct vision, not a physical one. The
apparant thickness of this margin will depend upon the refractive
power of the body.
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could not succeed in deciphering the detailed markings of
these objects when reflected light was employed. That mode of
illumination sufficed to show the general correctness of Mr. Wenham's denomination " spherules," although they are somewhat
irregular. They are rough outside, and, by comparison of the
various appearances, which they exhibit under certain conditions,
I should liken them to heads of spores, and am led to conjecture
that they may be referred to one of the minute cryptogams.
The Reigate Firestone occurs in the upper greensand beds,
and in such a position, either estuarine, or marine organic
remains might be looked for.
I

ASTRONOMICAL NOTES FOR FEBRUARY : PROGRESS
OF ASTRONOMY IN 1868.
BY W. T. LYNN, B.A., F.R.A.S.

Of the Eoyal Observatory, Greenwich.

commencing our Astronomical Notes in a new volume of THE
it will be interesting to recall the most noteworthy events
in the progress of astronomy during the past year ; and the present
month of February is a very convenient one in which to do so,
since it may be presumed that all, or nearly all, matters of importance which occurred in 1868, are now made known.
THE SUN.—The principal point of interest in regard to the
great central luminary of our system, has been the observation
of the total solar eclipse last August.
British, French, Prussian,
and Austrian expeditions were sent out, and were all, more or less,
successful. The accounts of the English observers, Major Tennant,
Lieutenant Herschel, and their colleagues, will be found referred to
in the November number of THE STUDENT, which also contains a
translation of the account of Dr. Weiss, who had charge of the
Austrian expedition. The German observations were made at Aden ;
the French, in Hindostan and in the Malayan peninsula, by M.
Janssen and by M. Stephan respectively. A conclusion of great
importance resulted from the observations.
The rose-coloured
protuberances or prominences, concerning which there has been so
much discussion, were definitely determined to consist of gaseous
matter in a state of ignition. The thought occurred to M. Janssen
to endeavour to see the spectrum produced by the protuberances
after the eclipse, when the protuberances themselves were not
IN
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visible. And accordingly, the next day, August 19, very early in
the morning, he succeeded in seeing the bright lines, which he
now knew were due to their presence, and was thus enabled to study
the region and extent of the prominences more at leisure, than in
the short space of time allowed by the duration of the eclipse.
Frequent and great changes were shown in their distribution, and
the presence of hydrogen fully proved. On the 4th of September,
further observations were made, and M. Janssen considered that he
had completely established as facts, " that the luminous prominences
are formed of incandescent hydrogen, the gas which, at least, predominates in them, if they are not exclusively composed of it ; and
that they are the seat of movements of which no terrestrial phenomenon can afford any idea ; masses of matter, the volume of which
is many hundred times greater than that of the earth, completely
changing their position and form in the space of some minutes."
Not long after Janssen's observations, an observer in England,
Mr. Lockyer, also succeeded, on the 20th of October, in seeing the
spectrum of the prominences at a time when there was no eclipse to
make the prominences themselves visible. The idea had indeed
been suggested some time before, and Mr. Huggins had also
searched for the lines given by the prominences, but without success. Mr. Lockyer, however, had the advantage of a new spectroscope, specially adapted to the purpose, and obtained evidence of
the existence of protuberantial matter completely surrounding the
Sun like an envelope. Indeed, many of the observations made
during total eclipses, had made it probable that the so-called
prominences were local heapings-up of matter which, to a less
extent, surrounded or nearly so the whole body of the sun. It may
now, therefore, be considered as proved, that it is enveloped all
round by a considerable thickness of gaseous matter, in a state of
ignition. The spectral observations made at the late eclipse, show
also that beyond this envelope is a far larger one, consisting of nonluminous gaseous or vaporized matter, made visible by reflecting
the solar light, and forming the corona.
Another very interesting discovery resulting from the August
total eclipse (which will always be a memorable one in the history of
astronomy) was the spiral conformation of the protuberances, indicating a rotatory motion in the ignited gaseous matter composing
them. This was shown by the photographs made under the direction of Major Tennant, and also by the changes of form of the same
prominence, as seen at successive times along different parts of the
line of totality.
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In speaking of the Sun, we must not omit to mention the satisfactory investigation of the transit of Venus, across his disc, in
1769, which was made last year by Mr. Stone, and of which an
account was given in considerable detail in the December and
January numbers of THE STUDENT. Its result was completely to
confirm the recent measures of the Sun's mean distance, which all
methods are now proved to unite in determining to be about
91,500,000 of miles. Of course, this decides also the distances
of all the planets, the periods of which are well known, and
these periods accurately giving the relative distances by Kepler's
third law.
THE PLANETS.—Not much new has transpired in regard to the
planets that is worthy of special remark. A larger number of the
so-called Minor Planets, forming the group between Mars and
Jupiter, was discovered in 1868 than in any previous year. That
number amounted to eleven, making the whole number of planets in
the group 106. The last four were discovered by Professor Watson,
of Ann Arbor, Michigan. Some further use has been made of these
minute bodies in physical astronomy, Professor Hansen, of Gotha,
having redetermined the mass of Jupiter by means of the perturbations produced by him on the motions of Egeria. The result agrees
pretty nearly with previous determinations.
COMETS.—In cometary astronomy, something has been added to
our knowledge. The periodical comets of Encke* and Brorsen have
returned according to prediction, and been well observed. A new
comet was discovered by Dr. Winnecke on June 13th, and became
for a short time just visible to the naked eye. Its orbit was parabolic, so that it is not periodic. The new powerful agent in astronomical research, spectrum analysis, has again been applied to
comets with success. Mr. Huggins examined the spectrum of the
new comet just mentioned (which is denominated II. 1868, the
periodical comet of Brorsen being I. 1868), and found a close
agreement between it and the spectrum of carbon. It would appear,
therefore, that carbon is a constituent in the composition of comets.
The identity of orbit which has been proved to exist between some
comets and the more remarkable groups of meteors, has led to some
* In addition to the observations of Encke's comet, mentioned in our last number,
a good scries made at Lund, in Sweden, by Professor M oiler and his assistant Herr
Dunér, between July 28 and August 30, 1868, has since been published (" Astronomischo
Nachrichten," No. 1728). I have been informed by Mr. H. Wortham, F.E.A.S., of
Eoyston, Herts, and by Mr. T. W. Backhouse, of Sunderland, that they both obtained
a view of the comet on more tban one occasion, though they did not make any accurate
observations of it.
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speculation on a possible identity or similarity of constitution. The
existence of carbon in comets does not militate against this, as that
element has also been found in several masses of meteoric matter
which have fallen to the earth. Perhaps the fact may even not be
without some suggestiveness that the substance in question enters>
on the earth, so largely into the composition of organic matter.
Mr. Huggins, and Father Secchi, at Rome, also examined
Brorsen's comet with the spectroscope, as they had previously done
some others, with the view of ascertaining how far they were either
self-luminous or visible by reflected light. The conclusion was
that the nucleus alone (with sometimes part of the surrounding
nebulous matter), shines with its own proper luminosity, whilst the
greater part of the coma and envelopes derive their light from the
Sun. Mr. Huggins made formerly a valuable suggestion on this
head, viz., that as the comæ and tails appear to be formed of matter
thrown off from the nucleus, which gradually condenses afterwards
into a cloud-like mass, there must be an intermediate state in which
the matter ceases to be self-luminous, but yet retains its gaseous
state and reflects but little light. Thus would be explained the
existence of the dark spaces which, in some comets, separate the
cloud-like envelopes from the nucleus and from each other.
METEORIC OBSERVATIONS.—These now form a branch of astronomy, and one too of high interest. An account of a very valuable
paper, by Dr. "Weiss, was given in THE STUDENT for October (p. 199).
It refers more particularly to the curious identity of orbit which
exists between some comets and meteors, which was first called
attention to by Signor Schiaparelli, in the case of the August
meteors. This was afterwards shown to be true also of the November
meteors, the orbit of which agrees very closely with that of Comet I.
1866, as that of the August meteors does with the orbit of Comet III.
1862. Dr. Weiss's calculations make it probable that the group of
meteors seen about April 20th, move in the same orbit with Comet I.
1861; and that another, which has been found to appear about
November 28th, has the same path with the comet of Biela, which
has been seen only once since its separation into two parts in 1846.
He also found that Comet III. 1853, had a remarkable similarity of
orbit with a group of meteors seen about August 11th (somewhat
later than the Perseides or principal group of that month), excepting in the element of perihelion distance ; and concluded that it
was possible he had hitjipon a case in which the tail of the comet
extended over the Earth's orbit, and originated a stream of meteors
of considerable length in radial, though small in tangential, direc-

V

PROGRESS OF ASTRONOMY IN

1868.

30

tion. If comets really are the original bodies, the gradual dispersion of which, through the feeble cohesion of their parts, produces
those meteoric rings, the appearances of which have for some years
formed so diligent a subject of investigation, it is undoubtedly a
very interesting circumstance, and one from which we may look for
further increase in our knowledge of their constitution. But the
subject is still in its infancy, and there can be no doubt that comets
are bodies of widely different conformation, since any matter existing in space which comes within the sphere of the Sun's attraction,
must necessarily be drawn into an orbit of some kind (permanent
only if elliptic) round him. No perfectly satisfactory theory of the
tails, by which they are frequently accompanied, has yet been
brought forward. Too little, moreover, is known of the actual position and curvature of form of these to expect any positive manifestation of their existence, as shown in other phenomena.
Dr. Weiss is of opinion that it deserves more attention than has
yet been given to it, that the meteors belonging to different streams
possess, to a great extent, distinct peculiarities of colour, appearance
of train when such exists, and other particulars. Thus, the meteors
belonging to the Perseides constantly increase in apparent brightness as they pass along their path in the sky, being most conspicuous
at the time of their disappearance. On the other hand, those which
appear about the same time of the year (mentioned just now as
possibly due to the tail of the Comet III. 1853), and radiate from
the neighbourhood of the pole-star, have a whitish colour, a much
less intense light, and exhibit no change in apparent brightness
during their course, moving indeed ^for the most part with such
velocity as to leave the impression of mere phosphoric lines.
He goes on to show that the actual height at which meteors
appear and disappear is connected with the velocity of their motion,
being greatest for those which move fastest. An instance of this
is furnished by the well-known August and November showers
(the Perseides and Leonides), the latter of which move much more
rapidly, and are seen at greater elevations, than the former. Dr.
Weiss thinks that it is desirable to ascertain for every known group
of meteors, as far as possible, the mean height of appearance and
disappearance. At present this can only be done with any certainty
in the case of the Perseides, which are first seen at an elevation of
about seventy miles, and vanish from sight when about fifty-five
miles in height.
The observation of shooting-stars has been well continued
during 1868, but all the results are not yet known. Those of last
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November gave a very brilliant display, even in many parts of
Europe. It was most conspicuous about six o'clock on tho morning
of the 14th, which, being several hours after we expected to be in
the middle of the stream, proves that its thickness and extent is
greater than had been supposed. It was well seen at Rome by
Sccchi, and at Madrid by Aguilar, and partly also by some observers in this country and elsewhere. A very interesting account
of the display, as seen in Canada by Mr. Elvins, and Professor
Kingston, at Toronto, was contributed by the former gentleman to
tho last number of THE STUDENT (p. 467). The discussion of the
observations will doubtless lead to improved knowledge of the constitution of the ring of meteors composing the so-called Leonides.
THE FIXED STARS AND NEBULÆ.—In the wide field of stellar
astronomy, observers have been, during 1868, by no means idle.
But, partly by reason of the vastness of the field, it is only at
distant intervals that results appear which materially affect the
extent of our knowledge. A few special points may be just named,
whilst the reader is reminded that material is being constantly
accumulated which will doubtless hereafter be productive of abundant fruit. Dr. Schmidt, at Athens, and Professor Schonfeld, at
Mannheim, have been vigorously following up the subject of variable
stars. It is now one of great extent, as well as interest, and its
continued prosecution exceedingly desirable. Constant and diligent
observation will probably here, as in so many other fields of study,
lead in time to a clearer understanding of the true nature and
causes of the phenomena seen.
We may mention here that Mr. Birmingham, of Millbrook, who
was, we believe, the first to detect the extraordinary outburst of
light in a small star in Corona in 1866, discovered also a similar
one, but somewhat less conspicuous, in Ursa Major last year. The
small star known as 83 Ursæ Majoris, which is barely visible to the
naked eye, was seen by him on the night of August 6th, equal in
brightness to 8 of that constellation, or of the third magnitude.
It afterwards gradually faded away again to its ordinary size.
So far as we know, Mr. Birmingham was the only observer of this
remarkable fact, which affords another instance that naked-eye
observing is even still sometimes not unproductive.
Professor D'Arrest, of Copenhagen, has been prosecuting his
nebula observations with his magnificent refractor. We mentioned,
in the April number of THE STUDENT (p. 213), his additional interesting observations of the great nebula in Orion (now known
to be gaseous in constitution) and its connections.
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We gave also an account, in the number for May (p. 284), of a
re-investigation, by Dr. Schur, of Berlin, of the orbit of the doublo
star 70 Ophiuchi, which appeared to reconcile all the observations better than the calculations of his predecessors. The result
was that the one star revolved round the other in the space of
ninety-four years : also, using Kriiger's previous determination of
the parallax (which gave a distance of the star from the solar
system amounting to about 120 billions of miles), that the mass of
70 Ophiuchi is about three times as great as that of the Sun,
and that the distance of the two stars composing it from each other
is about thirty times that of the Earth from the Sun. Double-star
observations generally continue, and will doubtless long continue,
to be an interesting field of research.
Another determination of the parallax and distance of a fixed
star has been published, and is referred to in the June number of
THE STUDENT (p. 377).
The star is a Centauri, in the southern
hemisphere, already known to be the nearest of all the fixed stars.
Professor Moesta, Director of the Observatory at Santiago in Chili,
discussed a large number of observations made by him and came to
the conclusion that the parallax was 0//,88. Comparing this with
other determinations, it may, we think, be safely inferred that this
quantity is really about nine-tenths of a second, and consequently
the distance a little more than twenty billions of miles.
From the above hasty and imperfect sketch, it will be seen that
the progress of astronomy during the past year has been far from
unsatisfactory. And we may hope that during the present it will
at least be not less so.
PLANETS FOR FEBRUARY.—-We shall continue;, as in the earlier
volumes of THE STUDENT, to name the planets which are in a position
to enable them to be observed during each month. MERCURY being
this month at the greatest elongation about midnight on the 3rd,
will be well visible in the evening during the first week. He will
be in the constellation Aquarius, and will set at Greenwich, at
6h. 30m. on the evening of the 1st day of the month. VENUS will
be visible for a short time only in the morning, rising during the
greater part of the month, about 6 o'clock. MARS will be the only
planet visible during the whole or nearly the whole of the night.
At this return to opposition, however, he is not very conspicuous,
his distance being too great. He approaches us nearest on February
13th, being then distant about 0*68 the Sun's distance. His position
in the sky is in the constellation Leo : very near the 3rd magnitude
star, 7) Leonis, on the 10th. JUPITER, which has, for several months
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past, been a bright companion of the night, now begins to fail us. At
the beginning of the month, indeed, he remains up until about ten
o'clock, but at the end of it, sets a little before nine o'clock
in the evening. He will be in conjunction with the Moon on the
15th. Being low in the heavens, the phenomena of the satellites
are scarcely likely to be well observable. Nevertheless we mention
few which may to some extent be so :—

star Regulus or a Leonis. In the following table, V denotes the
angular distance, reckoning to the right hand, from the highest
vertical point of the Moon, at which the phenomenon takes
place.
DISAPPEARANCE.
DATE.

DAT.

February 3
3
»
5
V
V
5
$f§
6
„
10
»
11
„
12
„
15
„
18

SATELLITE.

I
I
III
III
II
I
1
III
II
I

MENOMENON.

Occultation, disappearance
Eclipse, reappearance...
Occultation, reappearance
Eclipse, disappearance
Transit, ingress
Occultation, disappearance
Transit, egress
Occultation, disappearance
Eclipse, reappearance...
Transit, ingress

STAB.

MAO.
MEAN TIME.

MEAN TIME.

h.
5
9
6
7
5
7
7
7
7
7

m.
50
9
10
59
57
51
15
37
20
1

In observing the eclipses, it is necessary to know the place at
which the disappearance or reappearance takes place. These are
now to the right of the planet. The first satellite at its reappearance on the third day, will be but a short distance from Jupiter,
having been behind him when first involved in the shadow. The
same remark may be made in reference to the reappearance of the
second satellite on the 15th, except that it will be a little farther
from Jupiter (about half a diameter of the planet). The third
satellite will disappear on the fifth day at a very short distance
from Jupiter, all the other satellites being farther off from him on
the same side. It should be mentioned that the time of the latter
phenomenon as given above may be several minutes in error, as the
tables of the third and fourth satellites are by no means very
accurate.
THE MOON.—The Moon will be new on the afternoon of the
11th day. About the loth, therefore, the telescope may first be
employed with advantage upon the objects near the terminator on
the lunar surface. Full Moon occurs at noon on the 26th day.
There are five occultations of stars by the Moon, which may be
observed in the first half of the night : one of these is of the bright

Feb. 19
19
23
„ a>)
24
„
u-n
„ 25

48 Tauri
y Tauri
£ Cancri
■n- Cancri
Regulus

EEAPPEAEANCE.

6
4
B§
6
1Î

h.
9
11
10
10
6

m.
16
14
18
52
38

V.
o
73
103
58
36
33

MEAN TIME.

h.
9
12
11
11
7

m.
49
3
21
47
37

V.

on
zU
352
311
307
223

ECLIPSE OF THE SUN.—An annular eclipse of the Sun will occur
on the 11th of this month, but it will not be visible in this country.
It will be seen early in the day in the southern half of South
America, and late in the day in South Africa : being nearly central
at the Cape of Good Hope about four o'clock in the afternoon.
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EESULTS OF METEOROLOGICAL OBSERVATIONS MADE
AT THE KEW OBSERVATORY.
LAT.

51° 28' 6" N.

LONG.

0° 18' 47" W.

BY G. M. WHIPPLE.
(Br

PERMISSION

OF

THE METEOROLOGICAL COMMITTEE.)

{With a Plate.)
OCTOBER,

1868.

ATMOSPHERIC PRESSURE.—The barometer was comparatively steady
the earlier part of October, and its variations afterwards were not
large or numerous.
The pressure increased at first from 29*775 ins. on the 1st, to
30*079 ins. on the 2nd; but during the 3rd it diminished, the
minimum being recorded at 10 P.M.
Rising readings succeeded until the 5th, after which date the
barometer varied but little until the 14th, when a fall commenced
at midnight, which, lasting to the following noon, reduced the mean
from 30-141 ins. on the 14th, to 29-844 ins. on the 15th. An
additional diminution of pressure between 10 A.M. and 5 P.M. of the
16th brought the mean to 29*627 ins. The readings increased
gradually to 29-920 ins. on the 20th, and after a depression on the
21st to 30-012 ins. on the 22nd.
The 24th was marked by several rapid barometric fluctuations,
and the lowest mean of the month 29*499 ins. From 7 P.M. to
8 A.M. the next day the barometer rose rapidly, afterwards more
slowly. This upward movement continued to noon of the 28th, the
mean for that day being 30*291 ins., and the highest during the
month.
The rapid fall which followed to 6 A.M. on the 29th was broken
in its regularity by two sudden and transiflbt depressions, which
were registered at 2.15 and 3.0 A.M. The mean for the 29th was
29*895 ins. The barometer rose slowly through the 30th, and was
stationary the 31st.
The mean height for the month was 29*939 ins.
TEMPERATURE OP THIÌ AIR.—The mean daily temperature diminished from 51*0° on the 1st, to 45*3° on the 3rd, increasing afterwards
to 55*2° on the 6th. On this day the record shows a sudden fall of
5° at 11.5 P.M.
During the night of the 11th, from 9 P.M. to 2 A.M. the ther-
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mometer was in constant fluctuation. There was very little change
in the daily means between the 12th and 16th. At 5.30 P.M. on the
latter day a rapid fall of 6° was registered, followed by a slight rise
and then a steady, continuous fall, which reduced the mean to
37*8° on the 20th. At 10 P.M. the temperature rose, and remained
rising throughout the night. On the 22nd the thermometric curve
was depressed 5° from 1.10 to 2 P.M. The mean on the 25th was
49*9°. The temperature gradually rose from 43*2° on the 27th to
52*5° on the 31st. The thermograph curve during the 30th and
31st was unusually free from small oscillations.
The highest maximum temperatures recorded in the month were
64*6° on the 12th and 64*7° on the 13th ; the lowest 47*2° on the
19th, and 47*6° on the 20th.
The highest minimum temperatures were 49*3° on the 6th and
47-9° on the 14th; the lowest 28*5° on the 19th and 28*8° on the
20th.
The largest extent of daily range was 20*3° on the 11th, and
the smallest 5*9° on the 29th.
The mean for the month being 15*7°.
The mean temperature for the month was 47*6°.
RELATIVE HUMIDITY.—The days of least moisture were the 2nd,
27th, and 29th, their amounts being 0*69, 0*69, and 0*64 respectively; the days of greatest humidity were the 12th and 24th, when
0*98 were recorded (complete saturation being 1*00).
The mean for the month=0'81.
WIND.—the general direction of the wind was :—
North—3rd and 14th.
North-Bast—1st, 2nd, and 18th.
South-East—10th.
South—6th, 11th, and 12th.
South-West—4th, 5th, 9th, 15th, 16th, 24th, 25th, and 28th.
West—7th, 8th, 17th, 20th, 21st, 23rd, 26th, 30th, and 31st.
North-West—13th, 19th, 22nd, 27th, and 29th.
The following are the principal changes of wind which were
registered by the anemograph during October.
At 2.50 A.M. on the 1st, the direction changed from S.W. to
N.E., the velocity increasing from one mile per hour to ten miles.
During the evening of the 3rd, the direction veered from N. through
W. to S.W. A calm lasted from 10 P.M. on the 10th to noon of
the next day. At 4 A.M. on the 13th, there was a change from
S.S.W. to W.N.W. On the 15th, at 7.40 A.M., velocity increased
from three to twelve miles, direction veering from N.E. through
N. and W. to S.S.W. On the 19th, at 8.12 P.M., the direction
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changed from N.W. to N.E., and the velocity was fifty miles for
about five minutes. After continuing at ten miles for two hours,
it came down to two miles, returning at the same time to N.W. On
the 20th, there were frequent changes between N.W. and S.
The velocity varied from twenty-five to thirty-five miles from
10 A.M. to 10 P.M. on the 24th, the direction meanwhile going from
S. to W.N.W.
At 2.35 A.M. on the 26th, the direction veered from W.S.W. to
N.N.E., returning to W. at 5.20 A.M. A velocity of 27 miles was
registered at 1.40 A.M. on the 29th.
RAINFALL.—The quantities of rain measured in October were :

throughout the 1st, and until 6.50 A.M. of the 2nd ; it then fell
rapidly for half an hour, rising regularly afterwards. The mean
temperature on the 4th was 50*9°; the next day it was much lower,
40*3°.
The thermometric curve of the night of the 5th was much disturbed by small oscillations. From 34*8° on the 6th, the means
increased to 44*1° on the 12th. During the 12th and 13th there
was very little variation in the temperature, but at 5.30 A.M. on the
14th, a sudden rise of 5° was registered; 34'0°, the mean for the
20th was the lowest in the month.
A continuous uniform rise of the thermometer from 4 A.M. of the
21st, to the same hour of the 22nd, brought the readings to 51'1°;
afterwards a rapid fall, between 8 and 11 P.M. on the 24th, reduced
them to [38-8°. The mean on the 29th was 34*5°, and 40*0° on
the 30th.
The highest maxima recorded were 56'9° on the 1st, and 55'4°
on the 3rd ; the lowest 41*2° on the 6th, and 41-4° on the 20th.
The highest minima were 52*7° on the 1st, and 50*3° on the
4th ; the lowest, 24*6° on the 20th, and 26*0° on the 29th.
The thermometer also went below 32° on the 6th, 8th, 9th, 16th,
21st, and 30th.
The greatest daily range was 16*8° on the 20th ; the least, 2*8°
on the 13th; and the mean 10*3°.
The mean temperature for the month was 42*2°.
RELATIVE HUMIDITY.—The days when there was the largest
amount of moisture present in the air, were the 2nd, 21st, and
26th, when 0*93, 0*98, and 0*91 were the respective degrees. The
5th, 19th, and 20th were those of least humidity, having 0*68,
0-68, and 0-63.
The mean amount for the month was 0*84 (complete saturation
being 1*00).
RAINFALL.—Rain was measured as follows :—

4G

DAT.

AMOUNT.

AMOUNT.

DAY.

DAY.

AMOUNT.

1

0-305 inch

11

0-003 inch.

23

,

0-070 inch.

4.. .

0-490

„

12

0-004

„

24

I i

0-070

„

5

0-012

„

17

0068

„

25

0-110

„

6

0-005

„

21

0-246

„

26

0-407

„

7

0-420

„

22

0-015

„

29

0-346

„

„i

The total fall for the month being 2-571 inches.
NOVEMBER,

1868.
ATMOSPHERIC PRESSURE.—The extent of barometric change was
much greater in November than in the preceding month. From
30*202 inches on the 1st, the barometer fell to 29-649 inches on
the 4th, the most rapid part of the fall occurring between 1 A.M.
and 4 P.M. of the 3rd. After the 4th, the readings steadily increased
to the 11th, then very quickly until the maximum height for the
month was recorded at 10 A.M. on the 13th. The mean for the 13th
was 30-559 ins., and for the 14th, 30-216 ins.
The five succeeding days recorded no important barometric
fluctuations, but from noon of the 20th to noon of the 22nd the
pressure diminished considerably, the mean for the latter day being
29*233 ins. ; a contrary movement set in at 6.40 P.M., and on the
24th had brought the mean to 29*850 ins. On the 25th there was
a slight depression, but afterwards the means increased to 30*010
ins. on the 29th. The 30th read lower—29*801 ins.
The mean height for the month was 29*991 ins.
TEMPERATURE OF THE AIR.—The thermometer was very steady

DAY.

AMOUNT.

DAY.

AMOUNT.

2

0-030 inch.

5

0-072

„

' 26

0-087

„

8

o-oio „

27

0010

„

22

0-420

„

23

0-288 inch.
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Total fall during the month being 0*917 ins.
general direction of the wind was :—
North—6th, 7th, 8th, 13th, and 14th.
North-East—9th, 10th, 11th, 12th, 15th, 16th, 17th, 19th, 26th,
27th, and 28th.
East—18th.
South-East—20th and 30th.
South—21st, 22nd, 25th, and 29th.
West—1st, 2nd, 3rd, 4th, 23rd, and 24th.
North-West—5th.
The features of note in the November anemograms are the
following :
2nd, 7 A.M., the direction changed from S.W. to N., returning to
S.W. at 9.25 A.M.; 3rd, 670 miles of wind passed over the instrument in twenty-four hours. At 9.30 A.M. on the sith, the direction
veered from W. to N., the velocity at the same time increasing from
3 to 12 miles per hour.
During the morning of the 8th, the wind went from N. to W.,
and back to N. At 1.30 A.M. on the 16th, the direction changed
from N.E. to S., returning to N.E. at 10.5 A.M. 635 miles were
registered on the 22nd, but the velocity diminished considerably
between 7.30 A.M. and 10 A.M. on the 23rd, the wind gradually
passing from S. through W. to N.
25th, 0.35 A.M., a change from W. to S.E. occurred. The mean
velocity on the 28th was 2£ miles, the lowest in the month. At
0.20 P.M. on the 29th, the direction veered from N.E. to S.
WIND.—The

DECEMBER,

1868.

ATMOSPHERIC PRESSURE.—The various storms which occurred in
December were accompanied by large barometric fluctuations.
The month commenced with the barometer at 29*764 ins., falling
at a uniform rate, with the exception of the last few hours of fall,
from 9 A.M. to 2 P.M. of the 5th, for which period it was in constant
oscillation. The mean for the 5th was 29*425 ins. There was an
increase of pressure on the morning of the 7th, followed by a contrary movement in the evening. The barometer rose rapidly from
7.30 P.M. of the 8th for twenty-four hours, so reaching the maximum
for the month 30*261 ins. on the 9th. The lowest point of the fall
which succeeded was recorded at 1.40 P.M. on the 11th, that day's
mean being 29*283 ins. Having risen until 12th, 10 A.M. the
mercurial column became more steady, falling slowly until the 15th.

DIAGRAMS, REFRESENTINC THE METEOROLOGICAL VARIATIONS,
OBSERVED AT THE KEW OBSERVATORY.
OCTOBER,
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The barograph curve for the 18th showed an elevation of 0*05 inch,
which lasted from 2.50 to 3.20 A.M.
The great fall which occurred from 29*752 ins. on the 19th, was
divided into two periods, the first from midnight of the 20th, to
the succeeding midnight, and the second from 10 P.M. on 23rd to
6.20 A.M. of the 24th, at which time a sudden depression of 0*055
ins. which lasted ten minutes, was recorded, the barometer afterwards remained stationary until 2.20 P.M. The mean for the 24th
was 28*778 ins., the lowest in the month. Rising readings followed
to 26th noon, succeeded by falling readings to 4.10 P.M. on the 28th.
With the exception of a short interval on the 29th, the rise was
uniform to the end of the month, the 31st mean being 29*879 ins.
The mean height for the month was 29*525 ins.
TEMPERATURE OP THE AIR. — The daily mean temperature
increased from 43*3° on the 1st to 54*3° on the 5th, on which day a
sudden rise of the thermometer of 5° was registered at 1.50 P.M.
On the 7th there was a sudden fall of 7° at 1.15 A.M. The mean
temperature on the 11th was 51*4°, and on the 12th 38*9°. There
was a continuous increase in the temperature from midnight of the
12th to midnight of the 13th, and a still farther rise brought the
mean for the 15th to 52*3°. The curve for the night of the 19th
showed numerous rapid fluctuatious of the thermometer, whilst that
of the 21st records an absence of variation from 1 P.M. to midnight.
A quick rise between 6 and 9 P.M. of the 26th brought the mean
for the 27th to 53*6°. The means for the succeeding days diminished,
that for the 30th being 35*8°.
Sudden falls of temperature of 4° were registered at 11 A.M. and
10.40 P.M. of the 27th, and a depression of 2° between 1.0 and
1.50 P.M. of the 29th.
The highest maximum temperature recorded during the month
were 57*5° on the 5th, and 58*1° on the 6th, the lowest 43*3° on the
12th, and 40*0° on the 30th.
The highest minimum temperatures were 51*5° on the 5th, and
49*7° on the 6th, the lowest 31*8° on the 20th, and 32*5° on the
12th.
The greatest daily range was 19*9° on the 13th, and the least
1*8° on the 9th. The mean for the month being 9*0°.
The mean daily temperature for December was 46*5°.
RELATIVE HUMIDITY.—Very little variation was observed in the
amount of moisture in the air, the extremes being 0*97 on the 2nd,
21st, and 30th, and 0*80 on the 12th, 26th, and 31st. The mean
being 0'87 (complete saturation=1*00).
VOL. in.—NO. I.
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RAINFALL.
The amount of rain measured during December was
unusually large, the daily quantities being as follows :—

EESULTS OF METEOROLOGICAL OBSERVATIONS MADE AT THE KEW
OBSERVATORY.
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LATITUDE
AMOUNT.

DAT.

DAT.

AMOUNT.

DAT.

0 033 inch.

13

0-020 inch.

23 ....

0-502 inch.

24

0310

Month.

4

0-060

„

15

0-122 „

5

0-155

„

16

0-472 „

17

0016

0029

6

„

„

25 &26
97

„

0-426

„

18

0-242 „

28

0-052

8

0479

„

19

0-200 „

29...

0-260 „

9

0-115

„

21

0302

30

0-49U „

,

0020

11

„

22

0015

„
„

31

AND ANNUAL

Barometer
corrected to
temp. 32°.

MEANS

Temperature
of Air.

0-030 „

0296 „

7

03 18' 47"

6" If., LONGITUDE

W.

AMOUNT.
MONTHLT

2

51° 28'

51

0'550

„
April

„

The total fall for the month=5'196 inches.
WIND.
The general direction of the wind was :—
East—9th, 12th, and 13th.
South—1st, 2nd, and 14th.
South-West—3rd, 4th, 5th, 7th, 10th, 11th, 15th, 16th, 17th,
18th, 21st, 22nd, 27th, and 30th.
"West—6th, 8th, 19th, 20th, 23rd, 24th, 25th, 26th, 28th, 29th,
and 31st.
The velocity increased during the morning of the 4th from
10 to 30 miles per hour, maintaining the latter rate until noon
of the 5th. It then diminished to 8 miles; but at 1.40 P.M.
returned to 35 miles. A similar reduction in velocity was registered the next day from noon to 2.80 P.M.
Between 1 and 4 A.M. on the 8th the direction changed
gradually from S.E. to W., and on the same day, between 9 and
11 P.M., from W. to N.E. On the 9th the direction veered from
W. to N. at 9.20 P.M. 665 miles of wind passed over the instrument on the 14th. There was a change in direction from W. to S.
at 11.25 A.M. of the 20th.
During the 27th the velocity was frequently from 35 to 40 miles
per hour ; but the maximum velocity of 50 miles was registered at
3 P.M. on the 28th, at the same time as the direction changed from
S.W. to N.W.
On the 29th and 30th there were several movements of direction
between S. and W.

THE

Relative
Humidity.

TEAR

1868.

Daily
Range.

Total Fall
of Rain.

inches.

inches.

o

o

0

29 890

37-8

•86

8-2

3 324

30-123

•75

11-7

0-596

29982

43-5
44-3

•79

29927

47-8

•74
im

14-0
Tv£
xo
o

29-982

56-9

•72

203

0-765

30122

61-2

•64

21-8

0-394

30029

65-9

•61

22-4

1-659

29-877

62-7

•73

16-8

2-520

29-829

59-1

•74

191

1-940

29-939

47-6

•81

157

2 571

29-991

42-2

•84

10-3

0-917

29-525

46-5

•87

90

5-196

29-935

51-3

•76

15-4

Total, 22-830

—

December

EOE

1-464
"1 ,A QA

Highest Temperature recorded during the Year...... 90-2° on July 22nd.
Lowest
ditto
ditto
ditto
23-8° on January 3rd.
Greatest Fall of Rain in twenty-four hours
1-034 inch on July 11th.
NUMBEE OF DATS IN WHICH THE WIND BLEW IN THE FOLLOWING DIRECTIONS : —

North
North-East
East
South-East

32
56
25
23

South
South-West
West
North-West

28
82
80
41
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THE VELOCITY OF INSECTS' WINGS DURING- FLIGHT.
BY E. J. MAREY.

(Translated from " Comptes Rendus.")

has seemed to me possible to submit to a strict experiment the
study of those motions which the eye cannot follow, and the form of
which, we cannot discern under normal conditions, on account of
their extreme rapidity.
These are the questions which I have tried to solve :—
A. What is the frequency of the movements of the wings ?
B. What are the different positions which the wing takes in
the different phases of each of its revolutions ?
C. By what mechanism does the wing, taking the air for its
fulcrum, produce the locomotion of the insects ?
A. Frequency of the beating of the wing :—
Physiologists have attempted to determine the frequency of the
movements of the wing, from the sound produced by the insect
during flight. They have been compelled to admit very high
figures; six hundred vibrations a second, for the common fly
(Lacordaire) ; yet that number must be tripled in cases of very
rapid flight. Other insects must produce a far greater number of
beats. Naturalists, nevertheless, have been little agreed upon the
•cause which produces the sound we hear during the flight of
insects. Some authors think the sound independent of the wing
movements, produced by a special humming apparatus (Chabrier) ;
it is due, according to others, to the alternate movements of the air,
in escaping and entering the trachéal tubes.
In face of these discordances, I have sought for a mode of
exhibiting, in an unmistakeable manner, each of the beats of the
wing of an insect, and the graphic method answers very well for
determining their frequency.
I grasped, with a fine pair of nippers, the hind part of the
abdomen of an insect, and when it sought to fly, I directed one of
its wings in such a way, that it rubbed by its point against the
surface of a smoked cylinder, which revolved with a known velocity.
The wing, at each of these revolutions, carried away a little of the
black of the smoke which covered the cylinder, and left a trace of
its passage. This experiment gives a diagram exhibiting the varied
forms that are periodically reproduced with the same characteristics,
and, consequently, correspond to one revolution of the wing. By
IT
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means of a chronographic diapason, one can determine, with precision, the exact number of the revolutions of the wing which are
effected in a second. That which I used, gave a graphic delineation
of five hundred simple vibrations per second.
A continual rubbing of the wing on the cylinder, presents a
resistance to this organ, which retards its frequency ; so in order to
have the nearest approach to the truth, I selected those drawings
in which the contact of the wing with the cylinder was at a minimum,
so that the diagrams were reduced to a series of points.
The frequency of the movements diminishes, also, when we load
the wing with a little weight. It diminishes, equally, by fatigue,
and the action of cold. Everything occurs in this case, as in the
rythmic movements of the muscular system in different animals.
Under equally favourable conditions for observation, the frequency
of the beats which different species of insects produce, brings before
us curious results. I have only been able to observe a small number
of species, because of the lateness of the season. These are the
numbers I have found for each second :—
Common Fly.
.
.
Drone .
.
.
.
.
...
Bee
Wasp
Hawk-moth (Macroglosse du caille-lait *)
Dragon Fly .
.
.
...
Cabbage Butterfly.....

330
240
190
110
72
28
9

A more complete study of a great number of well-determined
species would, doubtless, furnish much higher figures, as the
maximum frequency.
I wish to add that the wing movements in this sort of captivity
on account of the greater resistance will be reduced in number. My
figures then must be below those representing vibrations in a free
flight.
B. Form of the movements of the wing :—
The graphic method does not answer very well to determine the
course of the wing at each of its revolutions ; indeed the tracings
which the point of the wing of an insect describes in space are
wrong ; they are inscribed on the surface of an ideal sphere, which
has for its radius the length of the wing, and for its centre the
point at which this organ is implanted in the thorax of the insect.
A spherical surface of this nature could only be tangential at one
* We do not know what species is designated by the French name.

54

GLACIERS OF THE CAUCASUS.

THE VELOCITY OP INSECTS' WINGS DURING FLIGHT.

point to the surface of the registering cylinder, and every fuller
contact risks deforming the drawing more or less, in re-producing
the curvature of the wing. To obtain an exact notion of the course
of the wing in space, I have had to resort to Wheatstone's optical
method. It is well known that this celebrated English physicist
terminates vibrating rods with bright metallic balls, whose gleam
leaves upon the retina persistant impressions of the periodical
movements they execute.
By fixing with varnish a little piece of gold leaf to the end of an
insect's wing, and placing the animal in a ray of sunlight, I obtained
a bright luminous image in the form of the figure 8, which indicates
the different points in space traversed at each revolution, by the
gilt spot.
Among different sorts of insects, I have almost always met with
the same form.
Resuming then the graphic method to verify this result, I have
succeeded in obtaining successively portions of the drawing, in
some cases giving me the upper loop of the 8, in others the lower,
and in others the double point, where is the intersection of the two
halves of the 8.
By way of further confirmation, I have sought to register the
contact of the wing with the cylinder, not only by its point, but by
its anterior margin. The theory anticipates that under these conditions, the figure 8 ought to disappear, and in its place one should
obtain a double contact of the wing with the cylinder. One of these
contacts took place at the instant the upper loop of the 8 was
formed, and at the point where this loop presents its convexity to
the cylinder. The other contact took place where the lower loop
was formed under the same conditions.
In a future paper I shall show that this complex movement does
not result from a series of periodic muscular acts executed by the
insect, acts which would produce in one case a simple oscillation in
a vertical direction, whilst in the horizontal direction, other muscles
would produce, at the same time, two oscillations. In reality, the
insect only executes one movement of lowering the wing, to which
succeeds a movement of elevation, and if in consequence of these
two contrary movements, the wing is not limited to oscillate in one
plane, this results from the resistance of the air, which imposes
upon the wing a deviation in each half of its course.
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"Archives des Sciences" for January 7th, 1869, contains some
observations on the Glaciers of the Caucasus, by M. Ernest Favre,
introducing a paper by M. Boleslas Statkowski, on the causes of the
avalanches of the glacier of Kosbek.
M. Favre contrasts the Caucasus with the Alps, the former though
narrower greatly exceed the latter in height. The bold truncated
forms of Elbruz and Kosbek, together with the serrated ridge,
which separates these two giants strikes the imagination, but penetrating into the interior of this region somewhat effaces the first
impression. Extensive views are rare, the horizon is bounded by
great escarpments, and it is necessary to climb to greater heights,
than in the Alps, in order to contemplate vast panoramas like those
which constitute the beauty of the scenery of the latter. The valleys
are much shut in, and difficult of access in their upper portions, and
the glaciers seldom descend lower than from 2,000 to 2,400 metres,
while many of the Alps reach a lower level of from 1,000 to 1,300
metres. M. Abich calls many of the Caucasian valleys " cauldron
valleys/'' They descend from circles of high mountains, and form
vast basins with very narrow outlets. The same authority gives an
height above the sea level of several glaciers ; facing the north,
those of Bekson, Zea, Khaltschi, Devdoroc have their bases at elevations of 7,070, 6,575, 5,702, 7,540 feet respectively; facing the
south, Kilde, Tschkharr, and Zzauner 7,912, 7,935, 6,612 feet
respectively.
These glaciers only possess the character of ice rivers for a
length of a few thousand yards. Descending from the snow-fields
—nevées—with a more or less rapid slope, they soon reach the
limits of vegetation, and stop soon after it is passed.
In Souanetti, M. Abich estimates the snow line at 9,527 feet
above the sea, and he places the limit of arborescent vegetation at
7,298 feet. M. Radde, Director of the Museum of Tiflis, as the
mean of numerous observations places it at 7,600 feet. The mean
height of the base of the glaciers of the first order is 7,198 feet, so
that they descend on the average about 188 metres below the limit
of eternal snow, and only 58 metres below the line of arborescent
vegetation.
THE

M. Abich reports the existence of a great erratic deposit of
trachytic and crystalline rocks, at a height of 9,200 feet, in a mass of
secondary rocks separated from the central chain by a deep valley
situated between the valleys of Ardon and Terek.
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The glacier of Devdoroc descends on the N.E. flank of Kosbek.
It is four versts long, and four or five hundred metres in its greatest
width. It takes its rise in a grand plateau of snow-fields two versts
wide, and from 12,000 to 13,000 above the sea level. It becomes
rapidly narrow, and suddenly takes to a steep incline, which it continues for 10,500 feet, presenting a great number of peaks
{aiguilles) and deep crevasses. It then slopes more gently and
spreads out in the valley to a width of 8,200 feet, after which it
narrows again and terminates at 7,540 feet above the sea level.
Two affluents separated from the glacier in their upper portions by
great masses of trachyte and black schists, make a rapid fall and
precipitate themselves on its right flank. They come down from
vast snow-fields and terminate in narrow channels. They are only
accessary branches to the principal glacier, to which they are united
lower down by great masses of snow. This glacier is covered by
moraines over the greater part of its surface, and the torrent of
Amilichka which flows from the glacier has dug for itself a deep
bed in the erratic deposits.
Like other glaciers of the Caucasus, which are similarly situated,
that of Devdoroc produces at intervals tremendous avalanches. In
1882, M. Statkowski tells us that one of these avalanches filled the
valley with ice, stones, and mud, which extended 2,170 metres, and
reached a height of 300 feet. Captain Grauert, an engineer officer,
who witnessed the catastrophe, estimated the volume of this mass
at .1,600,000 cubic sagenes.* This avalanche divided the Eussian
military road to Georgia, and obstructed the traffic for two years.
The gorge of Devdoroc is 375 metres wide, and contracts at the
end of the glacier to 82 metres. A promontory covered with rocks,
which are incessantly falling, advances into the valley from the
left, and almost closes it. The glacier in its changes of volume
must frequently reach this promontory, and as its motion is thus
arrested it must form an ice dyke of considerable height, and give
rise to a lake by damming up the Amilichka. The pressure goes on
increasing, and ends in breaking the dyke, when an immense mass is
suddenly precipitated in a long tortuous valley. Arriving at Terek
it forms a barrier of ice, stones, and mud, like that of 1832. The
snows accumulate and enlarge this avalanche, and if one of the
great storms, so frequent in the summer, occurs at the the time of
its bursting, the destruction is all the greater.
The inhabitants fancy that these avalanches occur about once in
seven years, but facts do not coincide with this notion. The people

in the valley know when the avalanche is coming, and in 1832,
1842, and 1845, the Russian officers say that they predicted it
several weeks in advance, and took away their flocks.
Major Mylow states that some time before the avalanche falls, the
ice, subjected to enormous pressure, makes a boiling noise, together
with detonations and rattling sounds like peals of thunder. These
noises and a change in the colour of the water of the Koboby from
white to yellow and black, are the symptoms chiefly noted by the
inhabitants.
The violence of the storms adds to the mass of matter in motion,
but does not produce the avalanche which is caused by water action,
and M. Statkowski advises measures to secure a more regular flow
to the Amilichka. During the storm of 1832 a sentinel in the
gorge of the Terek was carried to a distance of 140 feet. Sometimes the noises and discolourations of the water occur without being
followed by an avalanche. Either the force of the descending
matter is not sufficient to break the obstacles, or the waters have
found some means of escape.

* A sagene is about seven English feet.

SOLAR HEAT AS A MOTIVE POWER.
BY

M. MOUCHOT.

(" Comptes Rendus.")

to my experiments, it is easy to collect, at a cheap rate,
more than three-fifths of the solar heat arriving at the surface of
the globe. The intensity of this calorific source, so feeble in
appearance, was revealed by Pouillet, more than thirty years ago.
At Paris, a surface of one square metre, normally exposed to the
sun's rays, receives, at least, whatever may be the season, during the
greater part of a fine day, ten heat units (calorics) per minute.* To
appreciate such an amount of heat, it is sufficient to observe that it
will boil, in ten minutes, one litre of water, taken at the temperature
of melting ice, and it is almost equal to the theoretical power of a
one-horse steam-engine. Under the same conditions, a superficies
of one are (119-603 square yards) would receive, during ten hours
of insolation, as much heat as results from the combustion of 120
ACCORDING

* The unit of heat adopted by English physicists is the quantity necessary to raise
one pound of water from 0° to 1° C. We suppose M. Mouchot adopts the same standard.
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kilogrammes (321*507 lbs. troy) of ordinary oil. These numbers
are eloquent : they should, if not dispel, at least weaken the serious
fears entertained by some, in consequence of the rapid exhaustion of
coal-mines, and the necessity of going to increasingly greater depths,
disputing with the subterranean water this precious combustible. The
intensity of the calorific radiation of the sun is, moreover, much
less at Paris than in intertropical regions, or upon the elevated
plains. It is, therefore, probable, that the invention of " sunreceivers " will, some day, enable industry to establish works in the
desert, where the sky remains very clear for a long time, just as the
hydraulic engines have enabled them to.be established by the side
of water courses.
Although I have not been able to operate under very favourable circumstances, since my experiments have only been made with
the sun of Alençon, Tours, and Paris, I proved, as far back as 1861,
the possibility of maintaining a hot-air engine in motion, with the
help of the sun's rays. More lately, I have succeeded in boiling,
tolerably quickly, several litres of water submitted to insolation. In
short, having satisfied myself that it was sufficient to have a silver
reflector, with a surface of one square metre, to vaporize, in a
hundred minutes, one litre of water (0*880 quarts), taken at the
ordinary temperature, or, in other words, to produce seventeen litres
of vapour a minute, I tried to work a small steam-engine by
solar heat, and my efforts were crowned with, success in June,
1866. In the meantime, I have been able, by very simple
apparatus, to obtain some remarkable effects from insolation, such
as the distillation of alcohol, the fusion of sulphur, perfect cooking
of meat, bread, etc. None of these experiments, particularly the
application of the sun's heat to machinery, have been tried upon a
sufficiently large scale. It would, therefore, be useful to repeat
them in tropical countries, with " sun -receivers " of suitable dimensions. We could measure the volume and the tension of steam
produced in an hour by a given insolated surface, the pressure
developed by the sun in a considerable mass of confined air, and the
temperature which might be obtained by vast reflectors, formed of
a framework of wood covered with plates of silver, etc.
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M. BECQUEREL describes, in his treatise on light, " La Lumière et ses
Effets," some elegant experiments, with an induction coil, which
many of our readers will like to repeat. He takes a glass tube,
about an inch in diameter, and five or six inches long, with a platina
wire fused into its lower end, which is closed. This tube is halffilled with a solution of any of the substances which are able to
give a vivid colour to luminous flames. In the top of the tube,
a cork is inserted, through which a capillary glass tube is thrust,
carrying a platina wire, which is allowed to project a trifle beyond
its extremity, and to reach within a few millimetres of the surface
of the liquid. When the apparatus is so arranged, strong sparks are
sent through it by an induction coil. The distance between the
platina wire carried by the capillary tube, and the liquid must, of
course, be regulated by the length of spark the coil will give.
When the liquid is pure water, the discharges have a very pale
colour ; but if the water holds, in solution, small quantities of a
salt, easily vaporisable, such as chloride of sodium, calcium, etc.,
they become brilliant with different tints. If the induction coil is
weak, no colouring effect is seen when the upper wire is made
the negative pole, it must then be positive. But if the coil is
powerful, the colouring action is seen, whatever be the direction of
the current, and the aureole surrounding it also exhibits coloured
effects. The maximum of colour, however, always occurs, when the
upper wire is positive. This result is contrary to what might have
been supposed, for we know that the transport of matter in the
voltaic arc, as in liquids traversed by electricity is from the
positive to the negative pole. It is probable, in this case, that a
polar decomposition takes place at the surface of the liquid, which
gives rise to a reduction of the metal, and colours the discharge.
With a coil of sufficient power, the effects are exceedingly
brilliant.
The composition of the light thus obtained, is found, when
examined by the spectroscope, to be more complicated .than when
similar salts are introduced into a non-luminous gas-flame, and a
greater number of luminous bands are seen. Part of the water is
vaporized, and we have the rays of its components, as well as those
which result from the solution of the salt. The temperature afforded
by the electric spark, is likewise higher than that of the gas-flame.
The lines which arise from the volatilization of the platina must be
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very weak, for, with the water, I have not been able to distinguish
them. With other metals it may not be the same.
When concentrated solutions are employed, the luminous effects
are very striking, especially when chlorides are used. The discharges are of a splendid red, with chloride of strontium; orange,
with chloride of calcium ; yellow, with chloride óf sodium ; green,
with chloride of magnesium; bluish green, with chloride of copper;
and blue, with chloride of zinc. Other salts, such as divers compounds of barium, potassium, antimony, iron, manganese, silver,
uranium, etc., also produce effects equally well-marked.
The apparatus should be arranged, so that the discharges may
succeed each other rapidly, and the phenomena may appear continuous. They thus resemble a coloured flame, and the tube acts
like a little lamp, with a luminous source of definite composition,
and affording a definite tint. To avoid trouble, through the heat
occasioned, larger tubes may be employed, or capsules substituted.
If the bottom wire of one tube is made to communicate with
the top one of another, and so in succession ; several tubes may be
employed at once, and their appearances contrasted.

headed men, though you may find the remains of round-headed men
in them, and that all round barrows belong to round-headed men.
We confess, we cannot quite understand why the shape of a man's
grave should be regulated by that of his head. The characteristics,
therefore, of the long barrows appear to be, long-heads and short or
round-heads, of which the latter are assumed to be a later introduction,
and with them you meet with human bones thrown confusedly together,
which are assumed to be the remains of a feast of cannibals. The
two barrows which have been recently opened in the neighbourhood
of Bridlington were long ones, and we shall proceed to describe them
as well as we can from the newspaper accounts, which were evidently
written by some of those who assisted at the excavations. The discoveries hardly appear to us to be of the importance here attached
to them. Both these barrows are in the neighbourhood of Rudstone,
the first upon the Dotterill Park, on the estate of Lord Londesborough, the other on the estate of Mr. Creyke, of Rawcliffe.
The barrow in' DOTTERILL PARK was 170 feet in length, with a
breadth of 60 feet at the east end, and 45 feet at the west—it lay N.E.
by E. by S.W. by W. It is described as containing twelve different
interments, of which one only was long-headed, which is therefore
assumed to have been the " primary burial," while all the rest " were
those of the round-headed race, and were inserted burials." It was, at
all events, a long-headed barrow, filled with round-headed interments, with one only exception. The bodies belonged to men, women,
and children. " With one body was a very peculiarly formed (bowl
shaped) urn, but the barrow yielded very little pottery, and but few
flints." The bowl, of a dark, plain ware, was with the long-headed
body. The last burial but one towards the west had with it a " food
vessel," with four pierced ears, which is described as very beautifully
ornamented. The last burial in order, which lay in the western
extremity of the barrow, was that of a young person, and was
accompanied by an urn without any ornamentation except pairs of
dots at intervals on the ridges. It is added that " from the
appearance of this part of the barrow (in section) it seemed as if
a later round barrow had been placed at the west end of the longbarrow, and in the centre of this addition the last named burial had
been made.
The barrow at RAWCLIFFE was 210 feet long, by 45 feet broad at the
west, and 75 at the east end. Many little peculiarities were observed
in the constructing of this barrow, and in the throwing together of
its contents, which appear to us to be of very secondary importance,
but the interments, of which a very small number were traced, in
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OUR Yorkshire barrow-diggers have recently been at work among
the TUMULI NEAR BRIDLINGTON, and rather long accounts of thenproceedings have appeared in the newspapers. Under the directions
of Canon Greenwell, so well known for his earnest labours in this
field of research, two of what the archæologists of the prehistoric
school call " long barrows," which they consider to have belonged
to a distinct race of " long-headed" or dolicho-cephalic men, who
lived in a remoter period than the brachy-cephalic or round-headed
race. The peculiar characteristic of these "long-headed" Britons,
according to the same archælogical school, was, that they eat one
another—in fact, that they were confirmed cannibals. The roundheaded-race, who were more civilized, and eschewed cannibalism,
came later into possession of the land, and took the barrows
which the long-headed people had left behind them, and used
them again for burial-places, so that we find long-headed and
round-headed buried in the same grave. But when the roundheaded race made barrows for themselves, they always made them
round, and the new theory is, that all long barrows belong to the long-
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comparison of the size of the barrow, were pronounced to be all longheaded, and no traces of what they call secondary interments were
detected in it. But in the mass of the barrow were found "many
broken up bodies, of which it was impossible to form any other
opinion than that the disjointing had occurred at the time of death,
and pointed to the disgraceful practice of cannibalism. The bones
were scattered in strange confusion, and the skulls detached were
found at some distance. An extraordinary amount of burning had
occurred at the eastern end, as if the funeral feast had there been
observed." These skulls are all pronounced to be long-headed.
Thus the long-heads eat one another, and not the round-heads, or
another race, or, in other words, they devoured their friends and not
their enemies. It is added that "slightly buried at the extreme
end, a very large number of fragments of Anglo-Saxon pottery was
found, but they occurred in no other part." We think this may be
an error, or the age of the barrow itself may have beeu mistaken.
The account of these excavations suggest more than one subject
for remark. This new school of antiquaries have adopted the very
erroneous system of studying the science downwards instead of
upwards ; that is, instead of first making themselves well acquainted
with the archæology of the known period, and employing it backwards to assist in explaining that which is less known or unknown,
they begin with the unknown period and expect it to explain itself,
or to submit to their theoretical explanations, while they neglect the
known periods altogether. The consequence of this may be easily
imagined by those who study science on a wider scale. In the
present case our investigators seem to imagine that it was quite a
natural thing for a new race, which had driven a different race away
from the soil, or had come into the vacant space they had left,
to take possession of their sepulchral barrows, and adopt them as
their own. Now this was not the case, and for a very good reason.
The grave—the barrow—was a sacred place, consecrated to and
believed to be held for ever by the spirits of the departed, who were
further believed to defend their rights with a jealous energy against
all intruders if they were not of their own family or friends, and especially against people of another race. They even, according to the
popular belief, employed dragons and spiritual beings of a ferocious
character, to brood and watch over their defence. The spirits of
those who were buried in them, who spent their days in the national
heaven—the Teutons called theirs Walhalla—returned at night to
prowl about their barrows, and see that they were not intruded upon.
So powerful were these protectors of the barrows, that the mythic
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heroes of the remotest mythic traditions of northern and western
Europe, like the Anglo-Saxon Beowulf, boasted as their greatest
deeds the encountering and overcoming one of them in the barrow
of an extinct race. During the Middle Ages we can trace this feeling existing in great intensity from the earliest period. But, as the
mythic heroes no longer existed, and the men of the time had no
longer the courage to encounter the dragon, or spectre, or what it
might be, in open combat, when they wanted to open a barrow in
which they thought a treasure might be found, they sought the aid
of magicians to lay the enemy asleep by their incantations. It was
the universal belief everywhere. In the thirteenth and fourteenth
centuries, we find instances of magicians employed in Wales to
charm the dragon in the barrow before opening it, so that the superstition existed in the Celtic as well as in the Teutonic race. In the
times of Henry VIII. and of Elizabeth, and in the seventeenth
century, it was a great part of the practice of the magicians, including
such men as Dr. Dee and Kelly, to undertake the protection of the
barrow-diggers while they worked, and they made a profit by it.
And so deeply and firmly was this belief implanted in the popular
mind, that even at the present time how many shrink at entering a
churchyard by night, simply because, still acted upon by the
primæval superstition, they fear to encounter the spectres of the
dead, who have returned to visit and protect their graves. With
such feelings as these, who would venture to do such a daring, and
we might say such a wicked act, as to put the remains of hi3 relative
or of his friend into the barrow of another and older race ?* It would
be simply condemning him body and soul to everlasting misery and
torment. An ill life would be that of the spirit whose body had
been intruded into the barrow of men of another race. And a fine
row would there be when the two sets of spirits came together to
claim their respective rights. At least so it would in the deeply
and firmly implanted popular belief. And it would be quite absurd
to suppose for a moment that an Anglo-Saxon would venture upon
violating an old tumulus, for the purpose of throwing into it a heap
of broken pottery. We believe, therefore, that we must give up this
notion of secondary interments of another race in the same barrow;
so that one of the supports of the system of long and short barrows
breaks down at once. We have been accustomed to look at these
large early barrows as having belonged each to a family or clan,
only a certain number of which, according to the sentiments of
* Much curious information on this subject will be found in Th. Wright's
Sorcery and Mag*c,"|vol i. chap. ii.
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primitive times, could claim an honourable burial. We presume,
therefore, that the first of the barrows described above, belonged
to a family which may have contained, as far as we find them, one
long-headed and eleven round-headed individuals. We ourselves
place little belief in this long and short classification.
Nor do we place any more faith in the alleged cannibalism. The
number of our barrows which must have been opened during the
Middle Ages, and during the fifteenth, sixteenth, and seventeenth
centuries—with the aid of magicians and conjurors—to judge by the
records of such proceedings which still remain, must have been very
great. When the charm was over, of course the spiritual guardians
of the grave were at liberty again, and as formidable as ever. The
least that the excavators could do to appease them, after they had
found treasure or not (the latter, of course, the more usual result),
would be to throw back the bones into the grave, and cover it up
with care. Thus, most probably, originated the heaps of bones which
our recent excavators take for the relics of cannibalism. We believe
that on at least one occasion, among the bones of one of these Yorkshire barrows, was found a broken tobacco-pipe, of the earlier part of
the seventeenth century, no doubt thrown there by one of these old
excavators. Even the most zealous of our prehistoric archæologists
will hardly, we think, insist that the long-headed Briton indulged in
the genial pipe at the cannibal funeral feast. The subject would
have been picturesque.
Two of our ancient monuments are in a position of a certain sort
of risk at the present moment. One of these is the remarkable
ROMAN VILLA AT BIGNOR, in Sussex, with its very interesting tesselated pavement. This, as it is well known, stands, as far as it can
be said to stand, upon private land, and huts have been raised over
as much of the remains as were uncovered. Some years ago a proposal was made to raise a subscription, to purchase as much of the
land as the Roman Villa occupied, which was offered for a moderate
sum, in order to invest it as public property, and to pay a small salary
to a cottager to live there and show it to visitors. Some supposed
difficulties prevented this plan from being carried out at that time.
We hear that the whole property is now for sale, and it may be
worthy of consideration whether an effort should not be made to
carry out some such plan as that formerly pi'oposed.
The second of the monuments to which we refer is WORTH
CHURCH in SUSSEX, which is said to be on the eve of undergoing the
process of restoration. Worth Church is well known as one of the
rare examples of Anglo-Saxon architecture which have excited so
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much attention since the days of Rickman. We all know that church
restoration is a very dangerous proceeding, unless placed in very
careful hands, and even then it ought to be jealously looked after,
and we especially hope this may be the case in the present
instance.
Perhaps, while speaking of ecclesiastical work, we may be
allowed briefly to call attention to the beautiful MEMORIAL WINDOW
recently set up to the memory of CHAUCER over his tomb in the
south transept of Westminster Abbey, better known as the Poet's
Corner. It was designed by Mr. J. G. Waller, the well-known
author of " The Monumental Brasses of Great Britain," one who,
perhaps, in a higher degree than any other of our artists, feels and
appreciates the spirit of mediæval art. He has endeavoured to embod}' in it a picture which reminds us of his intellectual labour and
of his position among his contemporaries.
T. W.
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PAINT FOR THE PROTECTION OF IRON

AND OTHER

METALS FROM THE

DETRIMENTAL INFLUENCE OF SEA WATER.—Paint

for the protection of iron
and other metals from the destructive influence of sea water, and for the
prevention of fouling is made as follows :—
30 parts of quicksilver
7 „
of thick turpentine
55 „
of red lead,
and these are mixed with as much boiled linseed oil as is necessary
to make the paint of a proper consistency. The quicksilver must be
thoroughly amalgamated with the thick turpentine by grinding or rubbing, and this mixture must be ground with the red lead and more boiled
linseed oil. As little linseed oil as is necessary, to make the paint of a
useable consistency, must be employed. In damp weather some fine
ground manganese may be added. To make this paint adhere more
firmly, the surface to which it is to be applied may be prepared by
coating it with oxide of iron paint. The inventors, Messrs. D. R.
Macgregor and Peter Taysen claim the use of quicksilver, turpentine, and
red lead as their special invention.
BROWNING'S SELF-REGULATING ELECTRIC LAMP.—This invention will
greatly add to the use of the electric light for various scientific purposes.
It is so simple, that we wonder it was not devised long ago in place of
sundry complicated and expensive contrivances, which are not so efficient.
The carbon points are held, as usual, by brass tubes, slit and tightening like
porte-crayons. The carbon-holders can be adjusted to the height required
VOL.
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by screws, and the upper one slides through a collar, which permits it to
fall, so as to bring its point straight down upon the lower point. When
connected with a battery, a small electro-magnet is brought into action,
and this, by pulling towards it a plate of soft iron, tightens a clip on the
upper carbon-holder, and stops its descent. As portions of the carbon
are dissipated, and the distance between the two points become too great,
the electro-magnet ceases to act, and the upper point is free to fall
until the right distance is reached, and the electric current is again
established, at which moment the electro-magnet again tightens the
clip. With six four-inch cells of Grove's battery, a vivid light is
obtained ; and also the heat requisite for a variety of spectroscopic investigations. This electric lamp is furnished with reflectors according to the
nature of the work required. We have seen it in use, and tried it
ourselves. The manipulation is not difficult to any one accustomed
to scientific apparatus ; but a few points must be attended to.
In
the first place, each time the lamp is used the sliding rod must
be examined, and rubbed quite clean with a leather, if it has
become fouled. Then the carbon-holders must be set true, so that if
the top point were allowed to fall, it should come exactly down upon
the lower one, and not beside it. Thirdly, the distance of the magnet
from the plate of soft iron, must be proportioned to the power of the
battery employed. The modes of making these adjustments are as
simple as possible, and will give very little trouble to any intelligent
person.
FLOOR COVERINGS.—A block is prepared by glueing together a number
of pieces of wood of different colours, and from this block thin veneers
or slices are cut, which are then fixed by cement or glue to a woven
cloth, or any other such material as may be preferred. Each veneer will
have on it a pattern resulting from the arrangement of the pieces in the
block from which it is cut, and by assembling a number of them together
a complicated pattern is obtained ; or when it is desired to have a
simple pattern, the slices or veneers may each be cut from a single block ;
and it may be formed by arranging these pieces together. Various kinds
of wood can be employed in this arrangement. A floor-cloth or covering
thus prepared may be glued down to the floor which it is wished to
cover, or, for temporary pxxrposes, may be secured by nails. Also, this
invention includes the use of veneer patterns nailed to any ordinary
floor ; such veneers of hard wood are reduced in thickness at their edges
or corners, and are nailed to the floor beneath, the nails being covered
by thin pieces of veneer, thinner than the others, and cut to a desired
form, so that the whole makes an ornamental pattern. These pieces are,
moreover, glued into their places, and the whole forms a flush and
smooth surface. The inventor of this process is Mr. Denny Lane, of
Cork.
HEATING AND APPLYING GLYCERINE FOR WARMING.—Instead of using
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water to heat houses, carriages, baths, and drying stoves, Mr. R. A.
Wright, of Homerton, applies glycerine in solution. The solution may
be of any desired strength, and this solution is to be circulated in pipes.
This very excellent idea is surpassed by the clever way in which he proposes to heat the glycerine. One mode of heating which he employs
is as follows :—It consists in blowing or projecting one or more currents
or jets of steam or air (superheated or not) across the mouth of a pipe
or chamber containing petroleum or some other hydrocarbon, which is
thus projected in minute particles, as in a fine spray, into the furnace on
the fuel. At the same time, air is drawn or forced into the furnace.
Great heat is thus obtained. It is better to project the steam or air by
fantail, bat-wing, or such-like nozzles or jets to obtain greater diffusion.
Sometimes the petroleum is subjected to pressure or heat, or both, before
being projected, and its flow may be regulated by a cock or valve, controlled by the pressure of steam in the boiler, when one is used. An
improved valve for supplying air to this and other furnaces consists of a
balance plate placed in the furnace door, or fire door, extending
nearly its whole length, or, it may be, in a flue or air-passage. This
valve works on a sharp edge, like the centre of a scale beam, or it may
work by rolling motion on a sharp edge ; it carries a weight regulated
by a set screw, or otherwise. When fresh fuel is added, and the draught
is momentarily stopped through the bars, the furnace draught will open
the valve and admit air. The valve closes when the draught through
the bars is re-established. The glycerine may also be heated by a cone
covered with flat rope, or other frictional agent, working frictionally in
a cone in the glycerine vessel. Such first cone may be driven by the
axle, when used for carriages. Other modes of heating the glycerine are
claimed in the patent.
TREATING TEXTILE FABRICS.—M. Pierre Armand Neuman, of St. Denis,
Paris, treats textile fabrics with sulphuric acid, for the purpose of rendering them impermeable. By this process the fibres on the surface of
the fabric are partially dissolved, and converted into a glutinous substance, without the fibres in the body of the fabric being destroyed.
The fabric, after being passed through the sulphuric acid, is quickly
washed and rinsed in water, to stop the action of the acid, and remove
all traces of it, and it is afterwards dried, when the part which has been
acted on by the acid, having impregnated and coated the fibres of the
fabric, and filled up the interstices between the warp and the weft, will
convert it into a parchment-like and impermeable material. A concentrated solution may in some cases be previously made of any linen or
cotton fibre in sulphuric acid, which is then spread over the fabric to
be treated, by means of a brush, or by rollers, so as to fill np the interstices thereof.
PREPARING AND EMPLOYING ZIRCONIA.—Zirconia, or oxide of zirconium,
in whatever manner it may be extracted from its ores, can be agglo-
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merated by compression, like plumbago, into any forms, sucb as sticks,
discs, cylinders, etc., or into any other form suitable for being exposed
to the flame of mixtures of oxygen and hydrogen, without undergoing
fusion or any other alteration. Of all known substances, it is the only
one which remains entirely unaltered when submitted to the action of a
blow-pipe fed by oxygen and hydrogen, or by mixtures of oxygen with
gaseous or liquid hydrocarbons. Zirconia is, of all substances, the one
which, when introduced into an oxy-hydrogen flame, develops the most
intense and the most fixed light. To obtain zirconia in a commercial
state, it is extracted from its ores by transforming, by the action of
chlorine in the presence of coal or charcoal, the silicate of zirconium into
the chloride of zirconium and silicon. The chloride of silicon, which is
more volatile than the chloride of zirconium, is separated from the latter
by the action of heat ; the chloride of zirconium remaining is afterwards
converted to the state of oxide by any of the methods now in use. The
zirconia thus obtained is first calcined, then moistened, and submitted in
moulds to the action of a press, with or without the intervention of
agglutinant substances, such as borax, or boracic acid, or clay. The
sticks, cylinders, discs, or 'other forms thus agglomerated are brought
to a high temperature, and thus receive a kind of tempering or preparing, the effect of which is to increase their density and molecular
compactness. Zirconia, in small quantities, may also be compressed in
moulds shaped for the purpose, and united with other refractory earths,
snch as magnesia or clay. In this manner, sticks or pieces, a part only
of which are exposed to the action of the flame, may bo obtained, and
this part pure zirconia, while the remaining portion, which serves as a
support, is composed of a cheaper material. The property possessed by
zirconia, of being at once the most infusible, the most unalterable, and
the most luminous of all the chemical substances at present known,
when it is exposed to the action of an oxy-hydrogen flame, has never
been before discovered, nor has its property of being easily agglomerated and moulded, either separately or mixed with a small quantity
of an agglutinant substance, been discovered. The above is patented by
the company or society Cyprien Tessié du Motay and Co., of
Paris.
PREVENTING INCRUSTATION IN BOILERS, ETC. — Among the many inventions for effecting this object, one by Mr. C. Weightman Harrison, of
Clapham Junction, is simple, and seems to be founded on a scientific
principle. He suspends in the boiler a plate of metal—of course, immersed in the water—which is connected with the metal of the boiler.
The boiler forms one electrode, the suspended plate the other. The size
of the metal plate is so proportioned to that of the boiler, that th electrochemical action upon its interior surface shall be what he terms nascent,
or nearly so ; and he states that he finds it merely necessary, under
ordinary circumstances, to impart a polarity to the shell of the boiler, in

69

order to prevent the adhesion of the precipitated matters. Sometimes
he varies the method of carrying out his invention by means of an additional electrical source, so arranged as to transmit alternately positive
and negative currents to the shell of the boiler, and to the suspended
plate. This arrangement is found greatly to facilitate the production of
steam.
MANURE.—Dr. Dewar, of Kirkcaldy, N". P>., has proposed the treatment
of animal and vegetable substances, used as manure, with sulphurous acid,
in order to prevent any offensive odour. He uses aqueous sulphurous
acid, sp. gr. P012, or a sulphite or bi-sulphite, and he finds that, even if
the matters treated have a strong and offensive smell, they are deodorized
by the acid, and can be kept for a long time either in the dry or moist
state.
SAFETY MATCHES.—It is well known that a great number of serious
accidents occur from fire, caused by persons carelessly throwing down
matches which they believe to be harmless, because the flame has been
extinguished, but which in reality are highly dangerous, and quite
capable of communicating fire to any light dry material, in consequence
of the wood splint being at a red heat, although not actually in a flame.
Mr. Howse, of Lime Street, City, proposes, in order to prevent this, the
saturation of the splints (previously to their being dipped), with a solution of any chemical salt which has the property of preventing the wood
from remaining at a red heat, after the flame has been extinguished, without being in any way detrimental to the inflammable nature of the splint ;
and thus to prevent the possibility of accident from the dropping of the
match after the extinction of the flame, but whilst the splint is still at a
red heat. The substance which he proposes to employ is alum ; though
other salts have this same property. The matches before being dipped
are to be immersed in a strong solution of alum or other salt with
similar action, until they are saturated—they are to be dried and dipped
with the ordinary composition. Matches so treated will be found to
ignite and burn with flame as long, and as readily, as other matches, but
the instant the flame is blown out, the match becomes black and perfectly
harmless.
A NEW METHOD OF SILVERING, BY ARTUS CLAUDE LODDÉ, OF PARIS.—

The article which is to be silvered, is first placed in a bath of sulphuret of
carbon, lightly phosphorated ; secondly, in a solution of nitrate of silver,
and afterwards the silver is to be reduced upon the articles by the action
cf a current of hydrogen gas.
FELT HATS.—In the manufacture of fur hats or other fur goods, or in
preparing fur for the same, there is always a large amount of extremely
short wards or refuse, which is known as fur dust, and is usually regarded as worthless except for manure. The present invention utilises
such material and any short fur by incorporating it with wool-felt, in
the manufacture of hats, in a manner by which, at a little ad-
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difional expense, a hat, greatly superior to one made of wool felt, is
obtained.
PRESERVING ANIMAL AND VEGETABLE SUBSTANCES.—Mr. W. Hector, of
Hampstead, proposes to preserve animal and vegetable substances, such
as joints of meat, &c, for a short time, until they are required for cooking.
For this purpose he uses chlorine and sulphurous acid gases, and the
gaseous matter is applied surrounding the meat, or other substance to be
preserved, to check the tendency which the air otherwise possesses to
promote decay. The vessels, in which such gases are applied, are
chambers of enamelled metal, and in these are placed the necessary
ingredients for evolving the gases, as well as the substances to be
preserved.
ELIMINATING NITROGEN IN WORKING BLAST-FURNACES, GAS-GENERATORS,

process, which is intended to be applied to blast and other
furnaces, has for its object the elimination of a portion of the nitrogen,
which forms part of the products of combustion by the use of carbonic
acid obtained by the decomposition of limestone in retorts or muffles, by
which a great saving of fuel is effected. When a volume of carbonic acid
is carried over heated coals, or over any substance containing carbon in a
state of incandescence, half the volume of oxygen will unite with more carbon, forming two volumes of carbonic gas, each equal to the original volume
of carbonic acid. In the case of the usual process of heating by gas, as well
as in the blast furnace, carbonic acid is invariably formed in the firstinstance,
and when there is an excess of carbon present, this carbonic acid becomes
converted into carbonic oxide of double its volume ; but in thèse cases the
resulting carbonic oxide is always mixed with that quantity of nitrogen
which is due to the oxygen contained in the atmospheric air which has been
used during the process of combustion, and it amounts to 3*77 volumes
for each volume of oxygen. Therefore, two volumes of carbonic oxide,
+ 3'77 volumes of nitrogen are formed in the first instance, and these by
the process of combustion are converted into two volumes of carbonic
acid + 7-o4 volumes of nitrogen ; whilst by this new process, the gas
intended to be used for the purpose of combustion consists only of two
volumes of carbonic oxide, which, through the process of combustion,
produce two volumes of carbonic acid + 3"77 volumes of nitrogen. Now
as the temperature increases precisely as the volume of the products of
combustion, it is not difficult to see how great the economical value of
this process must be. In its application to blast-furnaces, as well as to
gas-furnaces, the carbonic oxide is rejected simultaneously with the
atmospheric air through separate tuyères upon the incandescent fuel, so
that the combustion of the carbonic oxide is effected in the very midst of
the fuel, namely, as far as the blast furnace is concerned, in the hearth,
and in the case of a gas furnace, in the gas-generator, where, owing to
he presence of an excess of carbon, and through the resulting high temperature, the carbonic acid, which is one of the products of combustion, is
ETC.—This
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again transformed into carbonic oxide. In these cases, therefore, we obtain four volumes of carbonic oxide, and only 3*77 volumes of nitrogen.
According to the process hitherto in use, the blast-furnace gases are composed of 65*4 per cent, of nitrogen, and 34-6 per cent, of carbonic oxide,
whilst according to this new process, they consist of over 48'5 per cent, of
nitrogen, and 51'5 per cent, of carbonic oxide ; the last-mentioned gases
are therefore richer from 48 to 49 per cent, than the former, and accelerate,
as experiment has proved, the reduction of the ores in the self-same proportion, whilst those gases which escape at the mouth of the furnace also
acquire a very considerably higher calorific value. If, on application
of this process to gas furnaces, a temperature exceeding the requirements of the operations for which it is intended should be developed, it
will be sufficient to reduce the gas generator, or the amount of fuel consumed in a given time, whence it is evident that this process is applicable
to all heating apparatus employed for industrial and metallurgical purposes.
M. Charles Schinz, of Strasburg, the inventor of this process, generates
Ms carbonic acid by heating limestone, and the carbonic acid he carries
through clay muffles containing coke heated to a high temperature ; it is
in this way converted into carbonic oxide, which he stores for use in a
gasometer, and from this it is forced into the furnace, at the same time
that atmospheric air is supplied by means of an engine or apparatus,
and this in such a manner that the proper relation between the volumes
of gas and air is strictly maintained. It is also necessary during their
progress to heat both gas and air to 400°, for the purpose of maintaining
the temperature produced by the combustion at an elevation which shall
be sufficient to convert the carbonic acid into carbonic oxide ; but as the
volume to be injected is much smaller than it would be under ordinary
circumstances, it is possible to accomplish even this by the waste heat of
the gas furnace, or by the blast-furnace gases.
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A DOUBTFUL GOBY.
MR. COUCH,

GOBITJS

?

in his work on British Fishes, states, that the Goby family is
scarce so well known as might be desired, with regard both to the specific
features and the habits of the individuals comprised in it, and even among
those figured and described by him, considerable doubt appears to exist
as to whether they should be ranked as species or as mere varieties—if
indeed, the terms be not now synonymous. I have accordingly drawn up
the following brief description of a Goby which has come under my
notice, having been unable to identify it satisfactorily with any figured
by Mr. Couch.
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The fish in question is found in the estuary of the Itchen river in considerable shoals. It chiefly haunts the stony parts of the shore, which is
composed partly of drift gravel, and partly of chalk from the railway
embankment ; and subjacent to this is a bed of tenacious blue clay, which
forms the proper bed of the river. The water at high tide is very brackish,
but at low water it is fresh to the taste ; so that the fish are pei-fectly
capable of living either in salt or fresh water. The vegetation, however,
is entirely marine, as also is the fauna inhabiting the estuary.
The Goby itself may best be described by applying the words used by
Mr. Wood respecting the Gobius minutus " transparent golden-grey,
with a multitude of tiny black dots upon the back, and generally marked
with some darkish blotches upon the sides." My Goby, however, never
has the dark spot on the dorsal fin, so characteristic of G. minutus. Some
specimens, again, differ in colour, being yellowish-green on the dorsal and
lateral aspects, but small value should be attached to any variation in
tint, since the flat-fish in the same locality, though of one species, are
sometimes black, sometimes yellow, and sometimes dark-green.
The dorsal and caudal fins are barred with reddish brown, the first
dorsal having four, the second dorsal five, and the caudal fin seven bars.
The mottlings of the body between the second dorsal and caudal fins
resolve themselves into a pretty distinct diamond-pattern ; the opercular
" plates exhibit a golden green iridescence : and the pectoral fins are
irrorated with the same colour at their insertion.
The head is short before the eyes ; the cheeks full ; the body compressed considerably behind the anal fin. The eyes prominent, close
together, and large ; the iris, orange ; the pupils, according to the incidence of the light, are dark blue, emerald, or golden. Nostrils, two,
between the eyes and the extremity of the upper lip ; gape of the mouth
oblique, with the lower lip slightly protruding. The lateral line, which
is thin and plain, runs just above the insertion of the pectoral fin, and
nearer the back than the ventral aspect. The body, with the exception
of the visceral cavity, is semi-translucent, and the pectorals, anal, and
ventrals are colourless. Fin-ray formula:—P. 17 (sometimes 18);
A. 12 ; 1st D. G ; 2nd D. 10 to 12 ; V. together, 10 ; C. 15. These numbers do not apply to every individual, the ventrals having sometimes 12
rays, and the caudal fin 18 rays ; but they represent the average obtained
after examination of a great number of the fish.
The ventrals are
inserted rather behind the insertion of the pectorals, and they form a
disc, whereby the fish supports itself against the glass. From the fact
that it finds greater difficulty in supporting itself against clean glass than
against the same when roughened by a confervoid growth, it would seem
that no suctorial power resides in this disc. Without some such support,
the fish invariably sinks down, and its upward progress is always accomplished by a series of convulsive jerks of the tail and fins ; as though the
body were too heavy for its element.
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The anal fin commences beneath the insertion of the second dorsal,
but in some instances beneath the third ray of that fin ; and they end
together at some distance from the tail. The latter fin, when expanded,
is round and large. The pectorals are very large, and, in common with
the other fins (the first dorsal especially), exhibits a crenated edge.
The inferior surfaces of the gill-plates are beautifully clear, showing
the dark red gilt fringes through their substance.
I have kept these Gobies in a fresh-water aquarium for some weeks
with minnows and sticklebacks. The latter, although they seldom molest
the minnows, wage war against the Gobies—biting their fins and tails, so
that the fish become ragged and discoloured. These fish are usually
somewhat more than an inch in length ; and the largest instances do not
exceed two and a quarter inches. I should mention also that the pattern
on the back is so distributed as to exhibit four light bands alternating with
the darker portions.
In conclusion, I may say that, should the fish above described prove a
known variety, this paper may still be of some service, considering the
meagre details we at present possess with respect to the Gobies.
A. HART EVERETT,
Portswood Road, Southampton.
To the Editor of THE STUDENT.

PROGRESS OF INVENTION.—FIRE PLACES.
To the Editor of the Student.
SIR,—"Wall you permit me to refer to p. 395 of THE STUDENT for
December, and to make a brief remark on the improvements there suggested for our fire-places ? Nothing can be better than the grate there
described ; and that it answers well, is proved by the fact, that Mr.
William Bland, of Hartlip-place, near Sittingbourne, has used grates
precisely similar for full forty years. He invented them when he built
Hartlip-place, of which he was also the architect. The house, throughout, is a model for convenience and comfort. Mr. Bland, I may add, is
the author of standard works on architecture, on boat-building, and of
agriculture.
I am, Sir, yours respectfully,
C. ROACH SMITH.
Temple-place, Strood by Rochester,
January 18th, 1869.
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AND
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OF

THE

ART

OF

WOOD

ENGRAVING,

with|a Chapter Explanatory of a Box of Materials used in the
Process, to accompany [the Book. By Thomas Gilks, author of " The Art of
Wood Engraving," " A Practical Handbook," etc. (Myers and Co.)—
Mr. Gilks has long occupied a high place amongst our wood engravers,
and has, we believe, on several occasions given lectures on the history of
his art. He now comes before the public with an elegant little volume,
which will, no doubt, lead them to demand the execution of the promise,
in the introduction, to issue "a number of choice unique unpublished
facsimiles " in an enlarged work.
Mr. Gilks traces wood engraving to the Babylonians, Egyptians, and
Chinese. The former appear to have stamped their bricks with incised
wooden blocks,[and he gives^a drawing of an Egyptian brick-stamp, made
of wood, and brought to this country by Mr. Lane, who obtained it from
a tomb in Thebes. Du Halde is cited to show how the Chinese engraved
the pages of their books, first tracing their characters on thin paper,
glueing it to a wood-block, and then cutting away the superfluous parts,
and leaving the letters in relief. The use of wood stamps is then traced
to the Greeks, and their employment noted throughout the middle ages ;
after which come descriptions of the playing cards of the Germans, which
were printed from wood-blocks in the fifteenth century. " The earliest
pictorial woodcut known," we are told, was obtained from a convent
near Augsburg, and bears the date of 1423. " This interesting specimen
represents Saint Christopher, with the youthful Christ on his shoulder,
paddling over the stream amongst the fishes. To the right of the
picture is the hermit's cell, the hermit holding up a large lantern to light
the saint over. On the left is a water-mill with the water running over
the wheel, and from the back of the mill is to be imagined the miller
carrying a load of flour to the distant cottage ; while in the foreground
is seen a figure driving an ass towards the mill. At the bottom of the
engraving is the date 1423, and a Latin version of these lines :—
" ' Each day that thou the likeness of St. Christopher shall see,
That day no frightful form of death shall make an end of thee.' "

Mr. Gilks proceeds to describe the block-books, and gives an account
of the Psalter printed by Faust and Scheffer at Mentz in 1417 :—" Only
seven copies of this book are known to be in existence, and they were all
printed on vellum, and in colours. The designs of the letters and
engraving indicate an advancement in the art. This work is supposed
to have been engraved by John Meydenback, Guttenberg's assistant ; it
may be seen in the library of the British Museum, Case 3, and even in our
now advanced stage of colours printing, the registering of the colours will
bear the closest inspection." Passing rapidly over other early wood
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engravers, a chapter is devoted to Albert Durer, whose portrait is given
as engraved by himself ; and in the succeeding chapter is a fine reduced
facsimile of a chiaro-oscuro by the younger Goltius (1557). This, amongst
numerous meritorious illustrations, is the gem of the book. The historical
portion of the little volume concludes with an account of Bewick and
other members of the English school, and the last chapter explains the
mode of using the tools.
ON MOLECULAR AND MICROSCOPIC SCIENCE.
By Mary Somerville,
Author of the "Mechanism of the Heavens," "Physical Geography,"
"Connection of the Physical Sciences," etc. 2 vols. (Murray)—We are all
proud of Mary Somerville, and her writings occupy a foremost place
amongst those which have contributed to the popularization of real
science,'in contradistinction to the twaddle and blunder so frequently put
forth for general use. But, while fully recognizing her grasp of intellect, her fine apprehension of leading principles, and her exquisite power
of elucidation, we cannot but feel some regret that she should have
undertaken an extensive compilation of microscopical matters, under
circumstances by no means favourable to the performance of such a task.
At first sight, many will ask why molecular science should be associated
with an account of the structure of infusoria, and of various minute
organisms, or parts of organisms belonging to the vegetable world, or
to the animal series below the vertebrata ; but a little reflection will show
not only the justification, but the utility of such a plan. The microscope brings us into close contact with molecular physics and molecular
chemistry, and a knowledge of these subjects is an essential prelude to
the successful application of the instrument to the investigation of physiological problem.
In a portion of the first volume of the work before us, a great
deal of valuable information is brought together concerning chemical
substances and actions, the phenomena of heat, light, electricity, etc.,
and it is presented in so pleasant a form as to charm many into the
paths of knowledge who would be scared away from them by more
formal treatises or less skilful expositions. But we think the author
mistaken, in a very positive adherence to the doctrine of atoms, as
taught in the chemistry of the last generation, and which is now in
process of abandonment by the most advanced and cautious thinkers.
The doctrine that all bodies consist of atoms " excessively hard," indestructible, and " ever the same," is founded upon gratuitous suppositions,
not necessitated by facts, and not necessary to the explanation of any
known group of phenomena ; and when we are told that the matter in
our terrestrial globe has never increased or diminished, we ask upon
what ground such an assertion is made. Astronomy supplies proof that
no important change in the weight of the earth can have occurred in
long periods ; but this is no proof of the proposition laid down. Since
it has been shown that light, heat, etc., are modes of motion of matter,
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we are led to assume the existence of matter throughout space, so far as
we are acquainted with it ; and who shall say, that while nebulous matter
appears to be condensing into suns and planets, there is no counter-process, however slow, of dissipation of such bodies into the cosmic atmosphere.
In speaking of ozone, Mrs. Somerville refers to the experiments of
Messrs. Tait and Andrews, illustrating its composition, and after this, she
mentions, with approbation, Shonbein's theory of the two ozones, ozone and
antozone, capable of neutralizing each other, and forming normal oxygen
by their union. This theory does not seem to stand the test of facts,
and we think, if Mrs. S. had read Professor Heaton's paper in the
first volume of THE STUDENT, she would have perceived its fallacy.
The natural history portions of Mrs. Somerville's work rango from
the simple algœ to the more complex kinds, thence to fungi, ferns,
endogens, the protozoa, hydrozoa, annulosa, echinodermata, Crustacea, cirripedia, polyzoa, tunicata, and mollusca. In these chapters, a
great amount of information is very agreeably conveyed, but errors have
not been avoided, such as a repetition of Stein's acinetan theory, which
he acknowledges to be wrong in his " Organismus der Infusionsthiere." We
should also object to placing the euglenœ in the animal series, and to
treating the hexagonal appearances of diatom dots as a correct intimation
of their form. We mention these as instances of a class of error from
which the work is by no means free, and which, the author living away
from this country, and without adequate access to books and authorities,
could scarcely avoid. That the book will be extensively read, we hope,
and have no doubt, as it will efficiently promote the taste for microscopical science ; but it must not always be taken as a safe guide to the
latest researches and opinions. It forms two elegant volumes, profusely
illustrated, and it would be unfair to allow the reader to suppose that its
defects were sufficient to counterbalance its numerous and characteristic
merits.

DR. CARPENTER'S DREDGING REPORT.
IN our last number we gave an account of some of the most interesting
results of the Deep-sea Dredging Expedition, so successfully conducted
by Dr. Carpenter. The full details of the various discoveries made will
not be published for some time ; but the " Proceedings of the Royal
Society " contain a "preliminary report" by Dr. Carpenter, from which,
on account of the interest of the subject, and the large number of our
readers who may not have access to the original document, we shall
make more voluminous extracts than is our wont, selecting those parts
in which the general conclusions arrived at are succinctly embodied.
" The results of our dredgings fully confirm the indications afforded
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by the specimens of the bottom previously brought up by the soundings already noticed, in regard to the existence, on the sea-bottom of
large areas of the North Atlantic, of a stratum of " calcareous mud,"
partly composed of living Globigerinœ, partly of the disintegrated materials of the shells of former generations, and partly of the " Coccoliths "
of Professor Huxley (Joe. cit.) and the " Coccospheres " of Dr. Wallich,
with a greater or less admixture of other constituents. And they further
indicate that the prevalence of this deposit is connected with a bottomtemperature of 45° and upwards, which, in latitudes above 56°, can
scarcely be attributed to any other influence than that of the Gulfstream."
" Our researches have brought out with remarkable force the resemblance between this- calcareous deposit and the great chalk-formation,
which had been previously pointed out by Professor Bailey, Professor
Huxley, and Dr. Wallich, but more particularly by Mr. Sorby, who identified the " Coccoliths " of Professor Huxley and the " Coccospheres " of
Dr. Wallich with bodies observed in chalk.
" The existence of this deposit over a very large area was marked out
by our dredgings at the extreme distance of 200 miles, and by several
intermediate soundings ; and the variations in its character corresponded
closely with those which present themselves in different parts of the same
stratum of chalk.
" But besides confirming the views already promulgated, as to the
complete dependence of this calcareous deposit on the enormous development of low forms of organic life, our researches also show that the area
over which this deposit is being formed is peopled by a variety of higher
types of marine animals, many of which carry us back in a most remarkable manner to the cretaceous epoch. Thus, among Mollusca we have two
Terebraiulidœ of which one at least (Terebratulina caput-serpentis) may be
certainly identified with a cretaceous species, while the second ( Waldlieimia
cranium) may be fairly regarded as representing, if not lineally descended
from, another of the types of that family so abundant in the chalk. Among
Echhwderms we have the little Hhizocrinus, that carries us back to the
Apiocrinite tribe which flourished in the oolitic period, and was until lately
supposed to have had its last representative in the Bourgetticrinus of the
chalk, to which the Rhizocrinus presents many points of remarkable correspondence. Among Zoophytes, the Oculina we met with in a livinostate seems generically allied to a cretaceous type (0. explanata of Michelin). And the remarkable abundance of Sponges, which not improbably
derive their nutriment from the protoplasmic substance that enters largely
into the composition of the calcareous mud wherein they are imbedded,
is a pre-eminently conspicuous feature of resemblance. We can scarcely
doubt that a more systematic exmination of the remarkable formation
at present in progress would place in a still stronger light the relationship of its fauna to that of the cretaceous period, since the specimens
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which our few dredgefuls contained can. only be considered as a mere
sample of the varied forms of animal life which this part of the oceanbottom sustains. And if our notion of the intimacy of this relationship
should be confirmed by further inquiry, it would go far to prove what
seems on general grounds highly probable, that the deposit of Globigerinamud has been going on, over some part or other of the North Atlantic
sea-bed, from the cretaceous epoch to the present time (as there is much
reason to think that it did elsewhere in anterior geological periods), this
mud being not merely a chalk-formation, but a continuation of the chalkformation ; so that toe may be said to be still living in the cretaceous
epoch*

"It can be scarcely necessary to point out in detail those various
important applications of the foregoing conclusions to geological science,
which will at once occur to every' geologist who endeavours to interpret
the past history of our globe by the light of the changes it is at present
undergoing. But this report would not be complete without some notice
of these. In the first place, it may, I think, be considered as proved
that no valid inference can be drawn from either the absence or the scantiness of organic remains in any unmetamorphosed sedimentary rock
as to the depth at v;hich it was deposited.
So far from the deepest
waters being azoic, it has been shown that they may be peculiarly rich
in animal life. On the other hand, comparatively shallow waters may
be almost azoic, if their temperature be low, or their currents be strong ;
and thus even littoral formations may show but few traces of the life that
might be abundant on a deeper bottom at no great distance. Again,
it has been shown that two deposits may be taking place within a few
miles of each other, at the same depth and 011 the same geological horizon
(the area of one penetrating, so to speak, the area of the other), of
which the mineral character and the fauna are alike different,—that difference being due on the one hand to the direction of the current which
has furnished their materials, and on the other to the temperature of the
water brongbt by that current. If our " cold area " were to be raised
above the surface, so that the deposit at present in progress upon its bottom should become the subject of examination by some geologist of the
future, he would find this to consist of a barren sandstone, including
fragments of older rocks, the scanty fauna of which would in great degree
bear a boreal character ; whilst if a portion of our " warm area "
were elevated at the same time with the " cold area," the geologist would
be perplexed by the stratigraphical continuity of a cretaceous formation, including not only an extraordinary abundance of sponges, but a
great variety of other animal remains, several of them belonging to the
warmer temperate region, with the barren sandstone whose scanty fauna
* I think it due to my valued colleague to state that this hypothesis (which I
myself fully accept) entirely originated with him, having been foreshadowed in his first
communication to me on the subject (Appendix).
,
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indicates a widely different climatic condition, which he would naturally
suppose to have prevailed at a different period. And yet these two conditions have been shown to exist simultaneously, at corresponding depths,
over wide contiguous areas of the sea-bottom ; in virtue solely of the fact
that one area is traversed by an equatorial and the other by & polar current. Further, in the midst of the land formed by the elevation of the
" cold area," our geologist would find a hill some 1800 feet high, covered
with a sandstone continuous with that of the land from which it rises,
but rich in remains of animals belonging to a more temperate province ;
and might easily fall into the mistake of supposing that two such different
faunæ, occurring at different levels, must indicate two distinct climates
separated in time, instead of indicating, as they have been shown to do,
two contemporaneous but dissimilar climates, separated only by a few
miles horizontally, and by 300 fathoms vertically.
"The ingenious suggestion of Dr. "Wallich that the nature of the
animal life found on the sea-bottom may not unfrequently afford some
clue to the history of its changes of level,—his discovery at great depths
of a type (the Ophiocoma granulata) which is essentially littoral being
indicative of slow progressive subsidence,—may be extended with some
probability to changes of submarine climate ; for where any species is
found abundantly as a littoral form, its presence at great depths in the
same region would seem to indicate that the subsidence of the bottom
has not been attended with any considerable alteration of temperature,
whilst its absence on neighbouring parts of the same area may be fairly
taken as evidence of such a change.

NOTES AND MEMORANDA.
THE METAL HTDBOGENITJM.—At the meeting of the Royal Society on the 14th of
January, the Master of the Mint read a paper, " On the relation between hydrogen and
palladium." After brieflyrdetailing'/.the arguments that had induced chemists to consider hydrogen to be a metallic vapour, the author described the wonderful absorption
of hydrogen gas by palladium, already described in vol. xi. of the " Intellectual
Observer." When a wire of palladium was charged with hydrogen to the extent of
nine hundred times its volume (by making it the negative electrode of a battery decomposing water), the metal was actually expanded to a greater extent than if it had been
heated to redness, or about 1*3 per cent, of its length. As the original specific gravity
of the wire was known, and the specific gravity of the expanded wire was easily determined, the condensed hydrogen was found to possess a specific gravity of 1-9, or nearly
twice the density of water. From this it was inferred that the hydrogen really exists
as a metal in alloy with the palladium. This view was supported by the negative state
of the alloy, its tensile strength and electric conductivity. As the subject possesses considerable interest, it is proposed to give a detailed description of the experiments in an
early number of the STUDENT.
BECK'S NEW ROTATING STAGE.—At the last meeting of the Royal Microscopical
Society, one of Beck's first-class microscopes was exlúbited with a new rotating stage.
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This stage is modified from that supplied with the " Popular Microscope." The pinion
giving the slow motion can be instantly thrown out of gear, when a quicker movement
by hand is desired. The outer edge of the stage is graduated, and beneath it an elegant
iris diaphragm moves upon a hinge, so as to permit its being brought in or out of use
with facility. The new rotating stage is strong and simple, and, we believe, does not
materially add to the expense of the instrument.
GEOWTH OF FUNGI IN CHLORIDE OE MAGNESIUM.—Mr. Slack recently noticed a
quantity of flocculent matter in a strong solution of chloride of magnesium, which had
been kept a long time in a dark cupboard. On examination it proved to be a gelatinous
mass, in which innumerable fungoid threads were discernible. This may be added to
the numerous cases of fungi growing in chemical solutions that might have been
supposed unfavourable to their existence.
THE LATE SOLAE ECLIPSE.—On Friday, the 22nd of January, Mr. Alexander
Herschel lectured on this subject at the Royal Institution, and exhibited an interesting
series of photographs taken in India with the fine reflecting telescope and admirable
apparatus made for the English Government expedition by Mr. Browning. The results
of this expedition have already been explained to our readers in Mr. Lynn's papers.
LIQUEFACTION OF GASES.—Mr. Ladd has lately exhibited at the Royal Institution a very elegant experiment, showing the liquefaction of gases by pressure. Three glass
tubes, open at the bottom, containing cyanogen, sulphurous acid, and ammonia in their
upper parts, and filled with mercury below, are enclosed in a strong glass cylinder filled
-with water. At the top of the cylinder is a small force-pump, which, when worked,
drives more water into the cylinder, and forces the mercury, which acts as a piston up
the tubes. As the mercury rises the gases are condensed, and now appear as liquids at
the top. When the pressure is reduced by opening a stop-cock the liquids boil, and the
gases speedily resume their normal dimensions.
COHESION FIGUEES.—In 1863, Mr. Charles Tomlinson published a remarkably interesting little volume, called "Experimental Essays" (Virtue and Co.), in which he
detailed his researches on the motions of camphor in water, and described the behaviour
of ether, creosote, and other substances making curious movements when dropped upon
that fluid. A number of these experiments were beautifully shown at the admirabel
soiree recently given by the Principal and Academic Staff of King's College. Creosote,
benzine, and other substances were dropped upon the surface of water contained in a
shallow glass vessel, below which a gas microscope was arranged. A right-angled prism
over the object gave the rays a horizontal direction, and threw an image on a small
screen. The gyrations and antics of the different fluids excited great attention. Mr.
Woodward, of the Midland Institute, made this highly-interesting exhibition.
FIDDIAN'S LAMP.—Some time ago we gave an account of Fiddian's lamp chimney
made of copper, lined with plaster of Paris, and having a round hole on one side covered
with glass, through which alone the light is emitted. This chimney was first introduced
by Mr. Collins, but Mr. Fiddian has now caused it to be brought out in connection with
an elaborate lamp by Mr. Ross. The Fiddian lamp is mounted on a stem, which can
be inclined to any angle at which the lamp will burn, and Mr. Fiddian finds great
convenience from this arrangement in different modes of illumination. The lamp is
moved up and down by a rack and pinion, two arms proceed from the stem, one
carrying a bull's-eye and the other a Rainey's light modifier, or a concave reflector of
plaster of Paris. A lamp of this description gives a very powerful light, well adapted
to the illumination of objects in an aquarium. We have on former occasions pointed
out the advantage of cutting off extraneous light, which Mr. Fiddian's chimney does
effectively.
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CORALS AND THEIR POLYPES.
BY P. MARTIN DUNCAN, M.B. LOND., F.R.S.,

Secretary to the Geological Society.
( With a Coloured Plate.)
ee

the term coral " was applied in a very wide sense by
naturalists and palæontologists. Recent and fossil Bryozoa, and
everything very cellular and ramose amongst the fossils of the
oldest rocks, were included with Serpulæ, Tubiporinæ, red coral,
Gorgonidæ, Antipathidæ, and true stony corals under the denomination of corals.
The result was a great confusion, which is
gradually ceasing to influence the classification of the extinct forms,
in consequence of the progress of philosophic palæontology and
natural history.
As early as the days of Theophrastes the red coral was familiar,
and was considered worthy of study. He noticed its stony nature
aud red colour, and was of opinion that it grew in the sea like a
root. Ovid carried on the term, but did not improve the knowledge
of the nature of Corallium, as may be inferred from his lines :—
FORMERLY

" Nunc quoque Coralliis oadem natura remansit ;
Dnritiem tacto capiant ut ab aere, quodque
Vimen in æquoro erat, fiat super æquore saxum."*

One of the fathers of medicine, Dioscorides, although he considered the red coral to be a vegetable, had excellent ideas concerning the affinities of some Mediterranean Actinozoa, and he
associated Corallium ruhrum and Antipathes together, but remarked
that the species were somewhat distant. He named Lithodendron
as a synonym of Corallium, and was a close observer of the wonders
of natural history of his time. Pliny brought the Gorgonias in
relation with the red coral, and considered Antipathes and Isis to
be corals or sea-trees. All this knowledge, if the vegetable nature
of the coral be excepted, was in a general sense correct ; it was the
result of careful observation, and is worthy of respect, for it was
not added to or modified for fifteen centuries. The botanists of
the sixteenth century took up corals as a study, insisted upon their
vegetable nature, and made the first step in the popular confusion
concerning them by naming a stony Madreporarian, probably an
Oculina, white coral. Ferrante Imperato appears to have collected
Asiatic and Mediterranean corals, and to have distinguished as
Pores the Milleporidæ and Madrepores ; but he admitted calcareous
* Quoted by MM. Milne Edwards and Jules Haime.
VOL. III.—NO. II.
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cellular masses termed Escharæ into his group, and thus the
Bryozoa crept in. Shortly afterwards the term Coralline was invented, and the indefinite ideas concerning corals began to influence
scientific nomenclature.
There appears to have been some doubt concerning the true
nature of the beings massed together as corals, butin 1707 Marsilli
saw some stems of Corallium rubrum covered with flowers. These
flowers of the sea gave great pleasure to the botanists, who, whilst
admiring the wonders of nature, flattered J/heir own sagacity, and
expatiated upon the progress of science.
In course of time, however, an original observer obtained some
living red coral for the purpose of study, and on touching the socalled flowers he was astonished to find them retract, and to discover
that they partook of the peculiar contractility of the sea anemones,
which everybody had admitted to be half vegetable, half animal—
zoophytes—from time immemorial.
Peysonnel, in 1727, communicated to the Académie des Sciences
a very able and original paper, in which he proved that the
" flowers " of the red coral were gifted with the faculties of moving
and feeling, that in clear sea-water they expanded their rays, and
that when touched they contracted and retired within their cells. He
proved that they had ova, that their tissues were like those of animal
bodies, and that the destructive distillation of the coral produced
ammoniacal salts. He pursued his studies for some years at Guadeloupe, and he proved that the brain-stones, the madrepores, the
branching stony corals, the Gorgonias, and the Antipathidæ had an
animal covering which produces the calcareous or corneous skeleton,
and that this covering was very much alike in all cases.
This was an immense advance, and of course the authorities of
the day opposed the opinions and twisted the facts of Peysonnel,
and scolded the innovator. Reaumur, in a correspondence with
Peysonnel, protested strongly against the new theory ; and in order
to set things right decided that the soft and slower-bearing external
tunic of the coral was of vegetable nature, and that this deposited a
stony matter, as its stem, in order to support the mass. Shortly
after this, Trembley's admirable researches concerning the freshwater Hydræ opened the eyes of Reaumur and the great botanist
Bernard de Jussieu, and when these authorities had seen that the
Escharæ of the French coast had polypes arising from their cells,
they admitted the correctness of the new theory, and one of them
singularly enough has had the merit of its discovery very generally
given to him. The recognition of the animal nature of the corals
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was followed by their association with the Actinidæ, and the
" flowers " were termed polypes. As natural history became more
studied, the stony corals, especially, were brought to Europe from
the tropics in great numbers. Even before Darwin directed the
attention of naturalists to the grand operations of the reef-building
corals, and Dana had searched the Pacific for specimens, Ellis had
collected and described the species, which were published by
Solander, and had given a faint idea of the immense variety of forms
which were associated together as corals.
The separation of the Polyzoa and Hydrozoa from the corals,
—or as they should be termed the Actinozoa—resulted from the
anatomical researches of Leuckart, Delle Chiaje, Quatrefages, and
Huxley; and the true position of the three classes was firmly
established by Sars, Dujardin, Siebold, Van Beneden, and MM. Milne
Edwards and Jules Haime. It is to the last-named French zoophytologists that we owe a most careful description of the hard parts of
the stony corals, as well as the most natural classification of the
whole class. Nevertheless, it can be fairly asserted that, with all
this increase in the literature of the Actinozoa, and with all the
details of the structures of the hard tissues of hundreds of species,
comparatively little is known concerning the soft tissues of many
and nothing at all of some genera. The difficulties in investigating
the minute structures of the soft parts of the stony corals are very
great, and the opportunities are few ; and there is thus a great
amount of work ready for any student who can reside in the tropics,
use the dredge, and take some care in forming large aquaria. The
late Jules Haime's description of the anatomy of Cladocora cœspitosa,
in the "Hist. Nat. des Coralliaires," illustrates the difficulties of
the work, and how successful a diligent naturalist may be. Such
dwellers in temperate seas as the simple stony corals of our coasts
may be preserved in the ordinary aquarium, and examined with the
dissecting microscope ; but the liability of the soft parts of the
larger and tropical species to be ruined, in simply removing the
mass from the sea, is very disheartening. MM. Michelotti and
Duchassaing have published some very interesting descriptions and
plain lithographs of the large West Indian corals, and have also
illustrated their researches amongst the flexible forms and the fleshy
Actinidæ.
The Polyzoa, or, as they are so frequently termed, the Bryozoa—
the polypes with two orifices—are readily distinguished by the
possession of an intestine which ends in an anus, opening more or
less remotely from the mouth. There is no approximation to this
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arrangement in the coral polypes, and even in the remarkable
Cerianthidæ, the basilar opening into the visceral cavity is part
of a water system, and is not intestinal. When, however, the
hard parts of some tubular Polyzoa are placed in relation with
certain tubular masses said to be skeletons of Actinozoa, the
distinction is still very unsatisfactory. Such tubular masses are
very common in the palæozoic rocks, in the oolites, and even in the
miocène deposits ; and the rule has been to consider those as
Polyzoa which have no floors or cross-pieces filling up the calibre of
the tube here and there. But the late Jules Haime, the most original
worker amongst the corals and Bryozoa, described some oolitic
tubular masses with cross pieces (tabulæ), as not belonging to the
Actinozoa but to the Polyzoa. His early death, so much to be
deplored, appears to have prevented his giving a reason for this.
There are no recent Polyzoa with tabulate tubules, and it is therefore
probable that the decided absence of septa may have been considered of value by Haime in distinguishing the tubules in question
from the corallites of Actinozoa. On the other hand, the non-septate
tubules of Tubipora musica, a well-known Actinozoan, offer a protest
against such a decision. This difficulty has been greatly increased
by the dictum of Agassiz, that tabulate Actinozoa are really
Hydrozoa.
The Hydrozoa are distinguished from the Polyzoa by not
possessing the separate opening for the anus ; and from the
Actinozoa, by their ovarian structures not opening into the visceral
or perivisceral cavities, but externally. The separation of the gastric
and generative systems is the essential peculiarity of the Hydrozoa.
They are closely allied to the Actinozoa, and form with them the
Coelenterata of Frey and Leuckart ; but there are some forms, such as
Lucernaria and Beròe, which have produced a diversity of opinion as
to their Hydroidean or Actinozoan characters. The assertion, by
so able an observer as Agassiz, that the Milleporidæ, and therefore
the vast assemblage of tabulate corals, are clearly related to the
Hydractiniæ, and are true Hydroid Acalephs, strikes at the heart of
the received classification. The tubular forms with tabulæ—the
Polyzoa of Haime—cannot be classified with the tabulate Madreporaria; and thus the forms which present the most evident relation
with true stony corals, and into whose structures tabulæ enter in a
very secondary manner, cannot be placed in any classification with
safety.
It is greatly to be regretted that Agassiz has not carried out
his researches, and that the drawings which Dana had from him,
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and which he declared like Hydrozoa, have not been published.
More or less separable, therefore, from the Polyzoa and Hydrozoa,
the vast assemblage of forms called corals—the Actinozoa—is thusdistinguished :—
1. There is a central mouth encircled by tentacules, and there is
not a proper anal vent.
2. The body is hollowed out to form a single system of communicating cavities, which open finally at the mouth.
3. The generative organs are internal, and are situate within the
general cavity.
The varieties of shape, of complexity, and of habits in the animals
thus distinguished, are immense, and there is great diversity in the
density of the tissues and the hardness of the internal skeleton, as
well as in the methods of reproduction. If the Ctenophoræ (Beroe
etc.) and the Lucernarias are placed in the position of uncertain
beings, a very simple and natural classification of the Actinozoa may
be made, and to do this is not very unreasonable, for Green and
Huxley reject Lucernaria as one of the Actinozoa, although MM.
Milne Edwards and Jules Haime place it in the class in the order
Podactinaria, and the great French zoophytologists do not admit
the Ctenophoræ amongst the <c Coralliaires or Polypes proprement
dites."
With these restrictions, the Actinozoa may be divided into those
which have the tentacules regularly pinnate, and eight in number—
the Alcyonaria; and into those whose tentacules are not eight
in number, nor pinnate, but simple or irregularly 'ramose—the
Zoantharia.
The order Alcyonaria separates very naturally into three families.
1. Gorgonidæ.—Adherent, and possessing a calcareous or
corneous axis.
2. Alcyonidæ.—Adherent, simple or compound, and with a fleshy
corallum.
3. Pennatulidæ.—Free-swimming, or non-adherent, with an
axis.
There are also three families of Zoantharia.
1. Sclerobasic forms with a hard axis—Antipatharia.
2. Malacodermic forms without an axis, but more or less fleshy,
—Actinidæ.
3. Sclerodermic forms with a calcareous skeleton, and without
an axis—Madreporaria.
It will be evident from an examination of this classification that
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it is possible to arrange the Actinozoa artificially in the following
groups :—
Corallura coriaceous, compound or simple, more or less spiculate.
—Alcyonidæ. Actinidæ.
Corallum, with a hard axis and adherent.—Gorgonidæ.
Antipatharia.
Corallum with a hard axis and free.—Pcnnatulidæ.
Corallum simple or compound, with a calcareous non-axial
skeleton.—Madreporaria.
The number of genera thus associated is very great, and it is
increased hj those families of the Madreporaria which are only known
by their fossil corallites. It will be observed how very correctly
the earliest naturalists joined together their Mediterranean corals
under one denomination.
A gradual approximation in structure may be traced from the
simplest and softest Alcyonida to the densest, most complicated,
and faintly membraned Madreporarian. The various families mimic
each other, and produce simple, ramose, and aggregated forms, and
they all contain species which reproduce by ova and by gemmation.
The spiculate tissues of the soft Alcyonidæ are an approach to the
hard stems of the Gorgonidæ, and are represented in the delicate
reticulations of some of the Porites; and the Telestinæ assume the
shape of the branching Actinozoa with a calcareous axis. The simple
arrangement of the spicules of Nephthya Oliabrolii (Audouin) of the
Red Sea, within a rather dense tissue, is noticed in a greater degree
in Spoggodes Gelosia (Lesson), of the Fijces; and the structure is
more fully elaborated in the cylindrical fleshy tube of Paralcyonium,
whose spiculiferous walls are evidently for the protection of the soft
polypes by which they are produced. Now the step from this tube
to the tube of Tiibipora musica is not very great in the gradation of
structure. To complete the structural chain, some Actinidæ are
required well furnished with sclerites, foreshadowing Perforate
Madreporaria, but there have been no satisfactory proofs of the
existence of such species.
The resemblance between the soft
tissues of the Madreporaria and the Actinidæ is very great, and
the immature stony corals, on their first adhesion to solid substances,
shortly after the termination of their embryonic life, are like Actinidæ
of corresponding age.
The tube of the Cerianthidæ is not an approximation to the hard
part (corallum) of stony corals, for it is produced in a different
manner ; it consists of the filaments of the peculiar cells which abound
in the tissues of the Actinozoa—the nematocysts, aggregated and
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joined to masses of sand and stone with a mucous secretion.
It is, therefore, a special peculiarity of these sand-dwelling
Actinidæ.
Even the free Sea Pen has its manner of life mimicked amongst
the Zoantharia, for the Minyadinæ are free-swimming, or rather
floating Actinidæ. Formed on the plan of the sea anemones, their
bases, instead of resembling the discs of the adherent genera, are
dome-shaped, and encroach upon the visceral cavity. A sphincter
produces a constriction inferiorly, and a purse-shaped chamber
above it. The air contained in this enables the Minyad to float. If
the sides of the chamber secreted a dense tissue which could project, the mimetic resemblance between the Alcyonarian and the
Zoantharian would be great.
The true stony corals, the Madreporaria, are readily distinguished
from all the other families of the Actinozoa, and have their skeletons
so distinctly in excess over the soft tissues, that the structures of
these important parts are too often neglected by classificatory
zoophytologists. Some simple or solitary forms are to be found on
our south-western coasts, and the deep sea representative of one of
them may be dredged up by hundreds in the north-eastern sea, off
Shetland. The Caryophyllia Smithii (Stokes), of Cornwall, is the
littoral form of Caryophyllia borealis (Fleming), of the Shetland
seas, and is known as a deep sea coral in the Mediterranean, being
called Caryophyllia clavus (Scacchi). The species is found fossil in
Sicily, in the pliocène deposits, and its present bathymetrical range
is from low spring tides to more than 250 fathoms. It is a complicated piece of structure, even as regards the hard skeleton, and an
examination of all the tissues is very instructive. Specimens are
to be dredged up, from the size of a pea to that of a cone an inch
in height and breadth at the free end.
The species reproduces by ova, which, escaping from the ovaries
into the visceral cavity, gain the sea through the mouth. Now, it
is most remarkable what a choice, passive in its nature, the ova
have for particular bodies upon which to settle and to live. In some
spots, every Caryophyllia dredged up is found on the shell of the
annelid Ditrupa, and in the Mediterranean a fusiform gasteropod
shell is the favourite support. The ciliated ovum touches, adheres,
and surrounds the supporting texture more or less, and speedily
develops its rudimentary sclerenchyma within the basal membrane.
Sometimes the ova adhere to the outside of the parent; and
examples are not very rare of the adhesion of an ovum to the
tissues near the parent's mouth. In the first instance, a portion of
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the soft structures covering the external surface is removed, and
the base of the young coral becomes permanently attached to the
costal structures ; and in the last, the growing coral destroys the
parent. The conico-cylindrical and curved shape of the full-grown
Caryopltyllia borealis prevents its remaining upright even when
attached to the Ditrupa; doubtless, in the youngest stage of its
growth it could exist on the surface of the deep sea ooze without
falling over ; but in all probability the upward growth of the coral is
attended by an increase in the depth of the fine deposit around it, and
the greater part of the form is always embedded and supported. If
any coral be removed suddenly and violently from the water, or even
if it be subjected to unusual movement in the sea, the soft tissues are
so completely retracted, and get rid of so much of their fluid, that
only a faint glaze is noticed to cover the dense white skeleton or
sclerenchyma. When unusually stimulated, the upper part of the
coral, which presents the central mouth and its surrounding disc,
covered more or less with expanded tentacules, soon begins to alter
in shape ; the tentacules retract with greater or less rapidity, and
fehe lips of the mouth are projected on the top of a short neck-like
protuberance; and if the stimulation persists, this structure is
retracted, and the tentacules appear to be lost in the spaces between
the radiating lamellæ (septa), which, like the spokes of a wheel,
pass from the centre of the upper star-shaped opening (the calice)
to its circumference.
When one of the Caryophylliæ is examined—some care having
been taken not to treat it too rudely—the outside, from the base
to the margin of the calice, is seen to be covered with a fine membrane, through which the parallel granular projections, the costæ,
and the faint intercostal spaces are to be distinguished. This
transparent tissue reaches from the adherent base to the free upper
ends of the costæ, where they join the external ends of the septa :
at this spot it is continuous with the structures of the disc. The
tentaculiferous disc covers and reaches higher than the calice ; it is
perforated by the mouth, and supports the concentric rows of tentacules.
It is, when the polype is fully expanded, rather higher than the top of
the curved septa at the circumference of the calice ; so that it bounds
superiorly a cavity whose base is the deep hollow of the calice, its
central axis the columella, pali and the radiating septal plates. A
soft tissue, covering the septa and the wall between them, joins that
just mentioned as covering the outside close to the margin of the
calice, and becomes the short, external, and superior boundary of
the sub-discal cavity. When the mouth is open, a white mass
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appears to close it below ; this is the columella, but it has no
connection with the disc. The mouth leads to a short tubular
canal, and at the lip, which is marked with radiating ridges, the
external tissues of the disc dip down, and line this canal—the
stomach. The stomach passes downwards for a short distance, and
forms a constriction, the pylorus, which leads to the great gastric
cavity, in whose centre is seen the top of the columella.
The radiating lines or furrows seen on the labial opening of the
stomach may be traced like radii over the disc towards the external
margin, and, moreover, they pass downwards on the sides of the
stomach forming its vertical folds. The stomach, thus marked, is
short, very extensible, and is free inferiorly at the pyloric end.
Internally it is washed by the water passing down through the
mouth to the gastric cavity by the pylorus. Superiorly it is continuous with the tentaculiferous disc through the lips, and externally it is washed by the water contained in the cavity already
noticed as being bounded above by the lower plane of the disc, and
below by the septa and the] depths of the calice. The tentacules
open inferiorly into this cavity, which is, moreover, partitioned off
by some structures, which are attached above to the under part of
the disc along the line of the radii from the lip, and internally to
the outside of the stomach on a line with its folds. These structures
are double folds of membrane—mesenteric folds—and the tentacular
canals open into them or between them. The attachment of the
folds to the lower surface of the disc is the longest, and that to the
stomach is very short, for it ends at the pyloric extremity, and then
the mesenteries are passed downwards free. The septa fit in
between the radiating folds, and have a definite numerical relation
to them.
When the tentacules are fully expanded, the most external fall
over the margin of the calice, and the others crowd within them,
their bulbous ends being constantly in motion. They hide the subjacent hard parts, and present different colours, according to the
light and the definite colouring cells.
The tentacules have a bulb, which is perforated and usually not
ciliated, and the rest of their external surface is ornamented with
projecting scutiform processes, and is covered with cilia. The ciliated
condition of the lower part of the external surface of the tentacules is
seen to be repeated on the surface of the disc and on the labial
projection ; but its absence from the terminal bulb is compensated
by the peculiar structure of its tissue.
Jules Haime, in his careful study of the minute anatomy of
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Cladocora cœspitosa, notices the three layers of tissue which characterize the tentacules, and the rest of tho soft parts. The external
envelope is quite transparent, and is composed principally of
nematocysts of three dimensions, those of medium size being the
commonest ; also of very simple cells, either irregular in shape, or
oblong, or uniform; and of small rounded and transparent globules,
which form the innermost layer. The middle tissue is formed by
muscular fibres, which are very sparsely distributed ; and the internal
tissue is formed by a layer of transparent cells tolerably adherent
to each other, and by a layer of colour-bearing globules which are
spherical, or slightly oval in shape. The nematocysts which form
the most important part of the integument of the tentacules, and
which are also fo,und in positions where it is difficult to account for
their presence as weapons of offence, are slender, elongate, and
generally cylindrical cells, smaller at one end, and they contain
a thread regularly rolled up as a spiral. Near the large end of the
cell the spiral ends in a straight portions which is also central.
The large end, moreover, gives exit to the nematocyst thread. The
tentacular bulb is nearly composed of these cells mixed up with
others, which have the thread rolled up in spirals, but whose cellwall is often wanting. The col our-bearing cells of the innermost
layer contain granules of irregular shape, and the distribution of
these cells is remarkable, for they exist within the gastric membranes as well as where they can produce an effect upon the light.
This inner tissue, besides producing the colours of the soft parts,
secretes the calcareous skeleton, and appears to have a power of
absorbing portions of it during the growth of the coral. In examining the hard parts, it must always be remembered that they
were deposited through the intervention of a tissue Avhich covered
them on all sides, and permeated even the densest portions.
Modifications of the external and internal tissues, the middle or
muscular being invisible in many parts, constitute the stomach,
the mesenteric folds, and the ovarian structures, and produce
the buds observed in some genera. All the internal hard parts,
such as the septa and the columella, and the dense texture connecting them, being lined with the soft tissues which join those
of the disc at the margin of the calice, it follows that the gastric and
perigastric cavities, thus enclosed, are everywhere bounded by a
continuous layer of soft tissue, which absorbs nourishment, and is
aërated by the influx of pure sea-water through the mouth, and by
its discharge both by the mouth and tho tentacular canals.
The Plate represents the Caryophyllia borealis (Fleming.) The
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central figures are those of the skeletons of the coral attached to a
Ditrupa, and of a living specimen with its tentacules expanded.
These are the size of life. A magnified view of the tentacules is
shown. The upper and lower figures are magnified views of the
calicular surface of the coral, the one being from a living form and
the other from the dead. Mr. Peach was good enough to send me
the drawings of which these are copies.

THE

ANNELIDAN WORMS, OR ANNELIDES (ANNELIDA).
BY W. BAIRD, M.D., P.R.S., P.L.S., ETC.
{With two Plates.)

worms, of which this article is the subject, are those which
Cuvier, and many others since his time, denominated " Red-blooded
Worms," or Annelides.
Worms, in a popular sense, are little, if at all, desirable creatures
to contemplate ; they are, in fact, " caviare " to the multitude, and
are to thousands mere objects of disgust and. annoyance. Poets
and romancers have agreed to render them vile. The " laidly or
loathly " worm is an expression of frequent occurrence, and in the
"Mysteries," Satan is described as a "worm with an aungelys
face." Naturalists, again, have generally described them as a
" degraded " section of the animal kingdom.
I hope, however, before this paper is concluded, to demonstrate
that at all events the Annelidan Worms are well worthy of our
attention and even admiration.
The great Linnæus, when he first established his arrangement
of the animal creation in the " Systema Naturæ," adopted for one
of his great classes that of the worms, or Termes. Our great
teacher embraced in this class a most heterogeneous assemblage of
the lower forms of creation ; the intestinal worms, the shell-less,
and the shelled Mollusca, the corals and zoophytes, including the
Foraminifera, the sponges, etc., were all embraced in this great
class—were all ranged together under the general name of worms,
or Termes.
Linnæus was certainly not very happy in this division of the
animal kingdom. Little was known, in his time, of the animals
belonging to the lower orders of creation. Some of the worms now
arranged in the class of Annelides, such as the Lumbricus, or earthTHE
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worm, and the Hirudo, or leech, he placed in his group of intestinal
worms (Intestina); others, such as the Terebella, or tubicolous Annelides, the Aphrodita, or sea-mouse, and the Nereides, amongst the
shell-less molluscs (Mollusca); and others again, such as the Serpula
and Sabella, both tubicolous Annelides, he placed among his shelled
molluscs (Testacea).
The natural relations and anatomical characters of many of the
Annelidan animals, arranged in this class Verities, were made subjects
of remark and observation by Pallas, Muller, and Otho Fabricius,
who immediately succeeded Linnæus, but systematic writers continued for a length of time after the publication of the (C Systema
Naturæ," to arrange the animal creation as Linnæus had done, and
left the Annelides amongst others, as he had disposed them.
Cuvier, taking advantage of what had been done by his predecessors, such as those mentioned above, and seeing clearly the
immense advantage of taking anatomy and physiology as bases for
a methodical distribution and classification of the lower animals,
proposed in his " Règne Animal," great changes in their arrangement. He instituted a great division, which he denominated Articulata, jointed or articulated animals, and in this he placed as a class
apart from all others, that of the Annelides, which he called redblooded worms. Led away by the value he assigned to this class
in general, of many of them possessing a red coloured circulating
fluid, or red blood, he placed them at the very head of this great
division. Cuvier, however, was better acquainted with the higher
classes of the animal kingdom than the lower, and it need not surprise us to find that since his time various improvements and
changes have taken place in this portion of his system, more
especially with regard to the claims of the nervous system as a basis
of classification.
"We are particularly indebted to the writings and labours of
MM. Audouin and Milne Edwards, for the first breaking up of
Cuvier's arrangement of the articulated animals. His great group
ce
Articulata " has been split up into several others, and fresh subdivisions have been formed as respects the class Annelida. M.
Quatrefages has still more lately made this class the subject of
particular study, and his investigations into the structure and
physiology of the different creatures placed in it by naturalists,
have been of the greatest importance.
We cannot enter here into the various changes of classification
made since Cuvier's time, but we may simply state that the large
class Annelida, as now acknowledged, consists of animals which may
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be known by their having, in addition to a segmented body and a
complete circulation of blood in closed vessels, a nervous system
constructed in conformity with the articulated type. This system
is characterized essentially by the presence of a ganglion on the
dorsal aspect of the esophagus, and hence called the " cephalic," or
" præ-esophageal;" and another on the ventral surface of the
esophagus, known as the post-esophageal. ' These two ganglia
are united by means of intermediate cords which descend on each
side of the esophagus, so as to embrace this tube in the inclosed
span, thus forming the esophageal ring, through which the esophagus
passes. (See Plate I., Figs. 1, 2, 3).
In accordance with this view, naturalists now, in addition to the
Annelida, as contained in the systems of Cuvier, Milne Edwards,
and others, admit into this class the siphunculoid worms, orGephyrea,
whilst the Turbellaria, and Nemertine worms, which have frequently
been included amongst the Annelides, but_which have a less highly
developed nervous system, are excluded.
Having thus explained the proper position and extent of the
Class of Annelides in the animal kingdom, we must now say a
few words about their divisions into Orders.
Cuvier divides them into three Orders, as follows :—I. TUBICOLA, or tubicolous worms, the " Pinceaux de Mer," or
sea-pencils of the French writers. This order contains the Serpulæ,
the Sabellæ, the Terebellæ, etc., which all live in tubes formed by
themselves for a permanent residence.
II. DORSIBRANCHIATA, or Annelides which have their breathing
apparatus or gills (branchiæ) placed equally along the whole body.
This order contains the sand-worms (Arenicolæ), the Amphinomæ
and Euniceæ, the Nereides (Nereis), the Glyceræ, the sea-mice or
Aphroditidæ, the scaled-worms (Lepidonoti), etc.
III. ABRANCHIATA, or worms which have no apparent external
organs of respiration (branchiæ), such as the earth-worm (Lumbricus), the Naides (Nais), the leech (Hirudo), etc.
Grube, a distinguished German helminthologist, in his " Familien
der Anneliden," divides the Annelides into five Orders—
I. Appendiculata polychæta.
II. Gymnocopa.
III. Onycophora.
IV. Oligochæta; and
V. Discophora.
The 1st Order, Appendiculata polychæta, he divides into two
great groups, Rapacia, or animal-killers, and Limivcra, or mud-

94

THE ANNELIDAN WORMS.

eaters ; and these two groups are nearly equivalent to Cuvier's
two Orders, Dorsibranchiata and Tubicola.
The 2nd and 3rd Orders, Gymnocopa and Onycophora, are
formed merely for receiving a few aberrant species of Annelides,
such as the Tomopterus and Peripatus.
The 4th Order, Oligochæta, contains the earth-worms or Lumbrici, and Naides, etc.
The 5th Order, Discophora, contains the leeches and their allies
(Hirudo, etc.), and these two last Orders are nearly equivalent to
the Abranchiata of Cuvier.
Grube is followed in this arrangement by Dr. Johnston, who
gave the first impulse to the study of the Annelides in this country,
and who by his writings has done more than any other man to
popularize the study of these animals in Great Britain.
MM. Audouin and Milne Edwards have adopted a more natural
method of arrangement.
They divide the Annelides into four
Orders—
The 1st is the Errantia, or wandering Annelides, containing the
great proportion of the free-moving worms, as the sea-mice (the
Aphrodiseans), the Amphinomæ, Eunicæ, the Nereides, the Ariciæ,
along with the Peripatus, the Chætopterus and Arenicolæ, or sandworms. This order is nearly equivalent to Cuvier's Dorsibranchiata.
The 2nd Order is that of the Tubicola, the tubicolous worms,
which he also calls Sedentaria, or sedentary worms, containing the
Serpulæ, Terebellæ, etc., and which is almost equivalent to the
Tubicola of Cuvier.
The 3rd Order is that of the Terricola, or worms which live in
the earth, such as the earth-worms (Lumbrici, etc.) ; and
The 4th is that of the Suctoria, or sucking-worms, containing
the leeches (Hirudo) and their allies. These two Orders are equivalent to Cuvier's Abranchiata.
M. Quatrefages defines an Annelide to be an animal composed
of rings or joints, on which the appendages repeat themselves
throughout the body. According to this idea, he divides the true
Annelides into two great Orders, according as this law of repetition
of its members is more or less perfect. In the first Order, where
this repetition of parts is perfect, we find the same parts repeated
from one extremity of the body to the other. This Order is equivalent to the Errantia of Milne Edwards. In the second Order this
law of repetition is not perfect ; it is interrupted in several places,
and the species contained in this Order correspond almost entirely
with those of Milne Edwards's Tubicola, or Sedentaria. The
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Terricola, Suctoria, and Gephyrea, he thinks ought to constitute
distinct Orders, separated from the true Annelides.
The same law of repetition may perhaps be seen in the habits
and manners of these creatures.
" The actions of these little
humble beings," says Mr. Williams, " are uniform and unvarying,
for ever repetitions ; the different individuals of the same species
executing precisely the same movements when the circumstances
are the same. The Sabellæ, in the construction of their tubes, repeat
the same invariable ( round ' of actions ; they obey an impulsive
principle which discovers no change of plan. The Terebellæ gather
the shell fragments for the manufacture of their tubes on principles
of the same monotonous uniformity. The sand-lug undermines the
strand, generation after generation, with exact and undeviating
regularity."
It would be impossible within the limits of this paper to follow
the different methods proposed for the arrangement of the various
individuals of the Annelides by such distinguished men as De
Blainville, Savigny, and Lamarck, amongst the earlier naturalists,
or by Schmarda, Ehlers, and other more recent authors ; but as
the arrangement of MM. Audouin and Milne Edwards appears to
be a very natural one, and one which can easily be understood, I
propose following it, only premising that as a fifth Order I add the
Siphunculoid worms, or Gephyrea, which, as previously stated, are
now by the latest authors, in accordance with the distribution of the
nervous system, and other characters common to these worms and
the other Annelides, included amongst the Annelidan worms.
I will now proceed to give a slight sketch of the anatomy of
these animals.
Nervous. System.—The general nervous system, in all Annelides,
consists of a longitudinal series of ganglia, which extend throughout the whole length of the body. In the upper part, or the head,
we see the cerebral ganglia or brain, called by Huxley the u præ-esophageal " (Plate I., Figs. 1, 2, 3, a). From these ganglia nerves
are sent off to the different parts near the head, the tentacles,
antennæ, etc. (Plate I., Fig. 1, d, d). Lower down we see the longitudinal ganglionic chain, or as Huxley terms them, " post-esophageal ganglia," extending throughout the whole length of the body
(Plate I., Fig. 1, c, c, Figs. 2, 3, d, d). A ganglion exists on each
side, in every ring or segment of the body, and from these ganglia
nerves are distributed to the feet and organs connected with them.
From the cerebral ganglia, nervous branches or cords arise, which
connect this portion of the nervous system with the ventral chain of
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ganglia. These are always distinct, and constitute a closed circle,
which is generally called the esophageal ring or collar, or as Quatrefages would prefer calling it, the buccal collar (Plate I., Pigs. 1, 2, 3,
b, b). This distribution of the nervous system varies considerably
in appearance in the different groups of the Annelides, but as a
general rule, may be seen in all. In our Plate (I.) we give representations from Quatrefages of the nervous system in three of the
Orders of Annelidan worms, which will show the arrangement as
common to them all. Fig. 1 shows the nervous system of a Nereid,
Fig. 2 that of a Serpula, and Fig. 3 that of an eai'th-worm (Lumbricus).
The cerebral or præ-esophageal ganglia are so placed that the
esophagus lies upon or above them, whilst the visceral ganglia are
so situated that the digestive canal or intestine lies underneath
them, the esophagus having passed through, or been encircled by
the nervous cords forming the esophageal ring or buccal collar.
Mr. Williams thus states the different actions of these two great
ganglia: — "The cephalic ganglia," he says, "representing in
situation and importance the brain of the higher articulata, is distinguished from the rest. It originates nerves to the organs of
sense. It is gifted, like a brain, with the distinctive power of
directing, controlling, and co-ordinating the movements of the
entire body ; whilst the influence of each ganglion of the trunk is
confined to its own segment."
Circulation of the Blood.—As Professor Huxley, in his lectures on
Comparative Anatomy, says, " No Annelide ever possesses a heart
comparable to the heart of a crustacean or an insect ; but a system
of vessels, with more or less extensively contractile walls, containing a clear fluid, usually red or green in colour, is very generally
developed, and sends prolongations into the respiratory organs,
when such exist." The vessels in which the blood flows are closed
vessels, and generally consist of two main trunks, the dorsal (Plate
I., Fig. 6, e, e) and the ventral (Fig. 6,/). The dorsal vessel carries
the blood from the lower to the upper part of the body, whilst the
ventral conveys the blood back from the upper to the lower
extremities. At every segment of the body the dorsal vessel gives
off branches—the number and disposition of which vary considerably—which distribute themselves upon the périphérie parts as well
as the internal organs, whilst corresponding vessels return the blood
from these to the ventral vessel. These secondary trunks, again,
give off numerous small branches which terminate in a fine and
close-set branchial net-work (see Plate I., Fig. 6).
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ganglia. These are always distinct, and constitute a closed circle,
which is generally called the esopbaareal ring or collar, or as Quatrefag^'would prefer calling it,-the bneeftl collar « Plate I., Figs. I, 2, 3,
b, b). This distribution of the ner*o«a system varies considerably
in appearance in the different groupa of the Annelides, but as a
general. rule, may be seen in all. là mm> £late (I.) we give representations from Quntrefagv.:* of the aci-r&tt» system in three of the
Orders of Aunelidan worms, whicì» wiii ahvw the arrangement as
common io them all. Fig. 1 shows the ærvous system of a Nereid,
Fig. 2 that of a
[
, and Fig. 3 that of an ear sh-worm (Lumbricus).
The cerebral or præ-e3ophageal ganglia are so placed that the
esophagus lies upon or above them, whilst the visceral ganglia are
so situated that the digest •
.1 or Intestine lies underneath
them, the esophagus r.avyrçj pw^l through, or been encircled by
the nervous ourdj*
r-.tag the Mophftgeai ring or bnecal collar.
Mr. Willian;,
•■<:-J.*-H the different a<:tit»«
-. T^O great
£rangîi»'î'«-~^* eeonalu; içaag)k^ W
^vxikmïàag in
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V; v.: -•** ;u<
. - *■
»S distinguished from tbe aMfc» H
fcíís-ve* *o ûxe organs of
sense. It is gifted, £&* a brain, with the distinctive power of
directing, controlling, &r,d co-ordinating the movements of the
entire body ; whilst the influence of each ganglion of the trunk is
confined to its own segment."
Circulation of the Blood.—As Professor Huxley, in his lectures on
Comparative Anatomy, says, "No Annelide ever possesses a heart
comparable to the heart of a crustacean or an insect; but a system
of vessels, with more or less extensively contractile walls, containing a clear fluid, usually red or green in colour, is very generally
developed, and seuds prolongations into the respiratory organs,
when such exist." The vessels in which the blood flows are closed
vessels, and generally consist of two main trunks, the dorsal (Plate
I.', Fig. 6, s, e) and the ventral (Fig. o,/). The dorsal vessel carries
the blood from the lower to the upper part of the body, whilst the
ventral conveys the blood back from the upper to the lower
extremities. At every segment of the body the cbrsal vessel gives
off branches—the number and disposition ot' u-j.irh vary consider—which distribute themselves upon the périphérie parts as well
as the internal organs, whilst corresponding vessels return the blood
from these to the ventral vessel. These secondary trunks, again,
give off numerous small branches which terminate in a fine and
close-set branchial net-work (see Plate J., Fig. 6).
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This circulating system varies a good deal in the different orders
of the Annelides, and even in different genera, but the above slight
sketch may be sufficient to convey a general idea of the system, and
is well exemplified in the Nereis, as represented in Plate I., Fig. 6.
In the case of the animals of this genus, as shown in the above
sketch, where no heart-like centre to the circulation exists, the
great dorsal vessel may be likened to a right ventricle, and the
ventral vessel to a left ventricle. The duty of the former being to
collect the refluent blood of the system, and that of the latter to
circulate it again. These two large vessels unite at both extremities,
thus causing the circulation of the blood to perform a regular circle ;
besides anastomosing by transverse branches in the separate segments of the body (see Fig. 6). The blood, as Sieboldsays, appears
to be forced in the dorsal vessel by a kind of peristaltic motion from
behind forwards into the ventral vessel, which in return sends it
by a similar motion into the dorsal vessel. This author remarks
that the blood may occasionally also pass from the dorsal to the
ventral vessels directly through the transverse anastomoses ; and as
this is not always in the same direction, and as these transverse
anastomosing vessels are very numerous, it is very difficult to distinguish between arteries and veins. Quatrefages, however, asserts
that there is no difficulty in making the distinction. The blood
distributed by the dorsal, he says, is arterial, that by the ventral is
venous, the dorsal vessel being analogous to an aorta, and the
ventral to a vena cava. The circulating system, as we have said
above, varies much in different genera. As a rule, there is no heart
in the Annelides ; but an exception to this occurs in the case of the
lug, or sand-worm (Arenicola). In this animal there is a heartcentre, which represents a true auricle that receives the blood
arriving to it, and this auricle communicates with two distinct
ventricles, the contractions of which drive the blood throughout the
body.
Digestive System.—The digestive apparatus of the Annelides
consists of the alimentary canal and its appendages. The alimentary
canal extends from one extremity of the body to the other, opening at the anterior extremity by the mouth, and at the inferior
extremity by the anus. It is usually straight, rarely having convolutions.
It comprises the mouth, pharynx, esophagus, and
intestine. The mouth is usually surrounded by a thick lip, which is
always beset with vibratile cilia. Quatrefages describes the pharynx
and esophagus as parts of what he calls the proboscis. The
anterior portion of this is the pharynx (Plate I., Fig. 6, b). It comVOL. III.—NO. u.
H
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mences immediately behind the mouth, is generally large, and of
about an equal calibre throughout the whole of its length. About
the middlo we see inserted upon it the maxillæ (or teeth), which are
moved by strong muscles to open or close them (Plate I., Figs. 4 and
5). These teeth are horny in texture, and vary considerably in
structure in different species, sometimes even being absent altogether. They may consist of only one pair, as in Nereis (Fig. 4,
d, d), and are dentated ; or they may be more numerous, as in
Eunice (Fig. 5) ; in which case some (the upper) are strong and
simply curved (Fig. 5, b, b), and others (the inferior) dentated like
those of Nereis (Fig. 5, c, c.)
The posterior portion of this proboscis is, properly speaking, the
esophagus (Plate I., Fig. 6, c). In a state of rest it is straight, cylindrical in form, and pleated longitudinally. In some species, this
proboscis, as described above, is entirely concealed within the body ;
in others, as in Nereis (Fig. 4), it may be protruded externally to a
considerable length, and upon its surface we see numerous small
denticles scattered over it.
These portions of the alimentary canal havo a particular set
of blood-vessels and nerves distributed to them.
The intestine
(Plate I., Fig. 6, d) is a continuation of the esophagus, and
generally its diameter is considerably greater. In the larger number
of the Errantia, this intestine is either divided by a constriction, and
then a bulging out again on each segment, or it is more or less
tortuous, or even spiral. It opens posteriorly, as an anus, sometimes in the last segment, at others in the pleat which separates
this ring from the penultimate. It may be situated either on the
back of the segment or at its termination.
The appendages to this alimentary canal are the salivary glands
and the liver. The first are sometimes wanting, but when present
are attached either to the pharynx or commencement of the intestinal canal. The liver, or hepatic organs, are always present, and
consist of a more or less diffused coloured tissue surrounding the
whole intestinal canal.
Absorption, or Absorbing System.—Annelides have no particular
organs destined for this purpose ; that is, they do not possess lymphatic or chyle vessels. These two systems of vessels are represented by the general cavity of the body. In all such species as
have a well-developod circulating system, we find numerous venous
branches returning from the intestine, which are larger than those
branches that carry the blood thither. These vessels, therefore,
evidently perform the function of absorbing organs.
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Organs of Secretion.—The skin appears in the Annelides to be an
extremely energetic organ of secretion, and perhaps this may be
owing to a particular set of organs concealed in the substance of
the various layers of which it is composed. With these secretions
they form the tubes in which some of them dwell : whether they are
solid and calcareous, as those of the Serpulæ and Sabellæ ; or of a
parchment-like substance, as in Chætopterus, etc. They serve the
purpose also of a cement for glueing together the particles of sand,
debris of shells, etc., by means of which the Terebellæ, for instance,
form tubes for their reception.
Organs of Respiration.—The blood, flowing in closed vessels,
requires to be aerated. This aeration of the blood is accomplished
generally by means of branchial organs, or it may be carried on by
some points of the skin slightly modified for the purpose, or it may
be by the whole surface of the body. The branchiæ possess a
structure peculiarly adapted for this purpose. They are characterized by the possession of a single canal into which blood-vessels
arrive and from which others depart, and are covered by an extremely fine, epidermis, which is furnished with vibratile cilia. They
are variously formed in different genera, being very long and
slender in some, as in Cirratulus (Plate IV.,* Fig. 1) ; arbuscular,
or in the form of shrubs, as in the sand-worm (Arenicola)
(Plate IV.,* Fig. 2) ; simply pinnated, as in Eunice ; or fanshaped, as in Serpula. Sometimes branchiæ are altogether absent.
In that case, according to Milne Edwards, respiration is performed
by the knobs or projections we frequently see attached to the feet,
as in the scale-back worms (Lepidonotus, etc.) ; or, as M. Quatrefages suggests, by the kind of network we see on the latero-dorsal
portions of each segment in the Nereides, etc. In many cases, no
doubt, respiration is carried on entirely by means of the skin
covering the body, which assists materially also in those Annelides
which have branchiæ.
Organs of Sense : Touch.—In the Annelides the sense of touch
is exceedingly delicate. The antennæ (Plate I., Fig. 4, a, b), the
tentacles (Fig. 4, c, c), and the cirri, serve evidently for the purpose
of exploring and examining surrounding objects. To ascertain the
correctness of this statement, it is only necessary to watch the movements of these animals in life. In some of the tubicolous worms,
as the Terebellæ, for instance, the cephalic cirri, which are peculiarly
extensive and retractile, may be seen elongating themselves, and
carefully, as it were, feeling for the various objects around them,
* Plates III. and IV. will be given with subsequent papers.
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more especially such as appear fitted for their prey. " It is not
easy," says Mr. Williams, " for those who have never enjoyed the
spectacle of the 'feat of touch/ performed by the tentaculated
worms, to estimate adequately the extreme acuteness of the sensibility which resides at the extremities of the living and sagacious
threads with which the head and sides of the body are garnished.
They select, reject, move towards, and recede from minute external
objects with all the precision of microscopic animals, gifted with
the surest eagle sight.'" " Here," says Quatrefages, " the existence
of the sense of touch is as evident as in the trunk of an elephant."
Hearing.—The sense of hearing is no doubt possessed by these
animals, but too little is at present known with regard to the locality
of the auditory organs to make any further observations upon them
either interesting or useful.
Sight.—The organs of vision are more apparent. In some of
the Annelides distinct eyes exist, and nerves may be seen going to
them. In general these organs are placed in the cephalic segment
(see Plate I. Fig. 4), and vary in number from two to four, or even
more. In most cases, however, these so-called eyes are mere black
specks, and can scarcely be considered as true organs of vision.
" Leading for the most part a subaqueous or subterranean life, the
sense of sight in the Annelides is little required ; and gifted in every
part of the body with a superlative tenderness of touch, the sense
of hearing is equally rendered unnecessary."
Organs of Locomotion.—Annelides possess feet and other organs
for locomotion, which are plentifully supplied with well-developed
muscles. They are present in almost all, and are easily seen.
•Generally they are directed horizontally towards the sides. The
additional organs adapted for the same purpose are the cirri, which
in many cases are long and protractile; andthevibratile cilia which,
in many species, appear on the surface of the body, the base of the
feet, and the inferior surface of the head.
In the case of the wandering Annelides (Errantia) the numerous
and varied muscular evolutions cause the animal always to move
forwards, never backwards. " It is by the head that the movement
is invariably initiated. The tail is always in the rear, never in the
van. The animal never marches backwards. The head never delegates to the tail the authority of leading, directing, or controlling the
evolutions of the frame." It is different with the tubicolous worms.
They are generally able to move backwards as well as forwards.
These varied movements of the Annelides are very interesting.
" Whether progressing on the solid surface, or moving through the
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water, or tunneling the sand, advancing or retreating in its tube, the
Annelide performs muscular feats, distinguished at once for their
complexity and harmony. In grace of coil the little worm excels
the serpent. In regularity of march the thousand-footed Nereid
outrivals the Centipede. The leaf-armed Phyllodoce swims with
greater beauty of mechanism than the fish, and the vulgar earthworm shames the mole in the exactitude and skill of its subterranean
operations."*
Organs of Generation.—As a general rule, the Annelides belonging
to the orders Errantia and Tubicola have the sexes separate, whilst
the earth-worms (Terricola) and the leeches (Suctoria) have the
two sexes united in the same individual. The genital organs are
difficult to be seen in almost all the Annelides, and as to their
structure, authors do not seem to be quite agreed. The ova, after
fecundation, and when they have arrived at a certain stage of
development, escape from the ovary into the cavity of the body,
where they float freely. Here the larvæ are hatched, and in those
species which are viviparous, the young are developed in the body of
the parent, undergo a series of metamorphic changes, and escape
when ready by a rupture of the posterior extremity of the body.
Annelides, however, it is generally said, are not reproduced by ova
alone. In many species, at all events, reproduction takes place by
fission and gemmation. Quatrefages describes this process as being
equivalent to the " alternation of generations " as described by
Steenstrup. He calls it by the name of "geneagenesis," and has
shown in many species of annelidanworms how this mode of reproduction takes place. Millier was perhaps the first to notice this
method, in the case of a worm belonging to the genus " Syllis,"
which he called Nereis proliféra.
Quatrefages describes the
process in several other species. From the original parent there
proceeds, generally at the inferior extremity, another individual,
which by and by separates itself from the parent. This adventitious
offspring undergoes a series of changes, finishing by its undergoing
the ordinary method of reproduction by ova. Mr. Williams denies
the correctness of the greater part of this process described by
Quatrefages, but we cannot enter here at any length upon this
subject. Wo must refer our readers, who may wish further information, to the various papers published by Milne Edwards and Quatrefages in the "Annales des Sciences Naturelles," to the latter
author's work entitled " Metamorphoses de PHomnie et des Animaux," and Professor Huxley's " Memoir on a Hermaphrodite and
* "Williams's " Keport on the Annelides, in Proceedings of the British Association.
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Fissiparous Species of Tubicolous Annelides " in the " Edinburgh
New Philosophical Journal" for 1855.
Reproduction of lost parts.—The fact that many Annelides have
the power of reproducing lost portions of their body, has long been
known to naturalists, especially in the case of the earth-worm.
Though this has occasionally been denied, yet the observations and
carefully-conducted experiments of the late Mr. Newport, and other
scientific inquirers, leave no room for doubt upon the matter. We
may return to this subject when treating of the Terricola, but in
the meantime we may state that the reproduction of lost parts
has been observed in many other species of annelidan worms. M.
Quatrefages has noticed the fact that the blood-coloured Eunice
(Eunice (marphysa) sanguinea) frequently reproduces a part of the
inferior extremity of the body when destroyed ; and M. Van Beneden
has observed a similar reproduction of a great portion of the body
in the case of some of the Serpulæ.
External organization of Annelides.—As this varies considerably
in the individuals belonging to the different orders, we will give a
brief outline of their external anatomy in each large group
separately.
The first order, the wandering Annelides, or Errantia, is the
most highly organized for locomotion of all the orders of annelidan
worms. The species are of a rapacious nature, feeding upon living
marine animals. They are henco called by Grube " Rapacia," or as
Dr. Johnston, who has likewise adopted the term. Anglicises it,
" animal feeders." This latter author says, " Organized for locomotion, this tribe of Annelides—the tyrants or the aristocracy of
their race—wander abroad, and are in constant warfare with all
around them. They crawl on the surface at a pace that varies in
the species from extreme slowness to energetic activity. They are
eminently carnivorous, with the exception, perhaps, of the Ariciadæ,
which may be geodephagous, or feeders on putrescent matter." In
general they are of a more or less elongated, vermiform figure,
though some are of an oblong or an oval form. They vary much in
size ; many are very small, others are of a considerable length ; some
of our British species being nearly two feet in length ; while, again,
some which inhabit warm climates attain a length of five feet,
with a diameter of more than an inch.
Some of the species are essentially pelagic, being only met with
on the high seas, swimming freely, while most of the others are to
be found on the sea-shore, burrowing in the sand or mud, or living
under stones and amongst sea-weeds and zoophytes. A few con-
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struct a sheath or case for themselves, in which they ordinarily live,
but which are not essential to the existence of the tenant, as they
can leave it without inconvenience, and wander at liberty to search
for their food elsewhere. Their body is formed of more or less
numerous rings or segments, developed in longitudinal succession,
and divided from each other by a plain suture. Each segment is
furnished with feet, which are the chief organs of motion, and in
most cases afford a basis of attachment to the branchiæ and the
soft setaceous filaments called cirri. The first segment is called
the " cephalic," and may bo considered as the head. On this head
there are usually to be seen two or four black specks, which are generally, and with good reason, called eyes. We see, also, a number of
tactile organs, or filiform appendages, of various forms in different
species, which are commonly called antennæ, palpi, and tentacles,
or tentacular cirri. The innermost or centre pair have been generally called antennæ, the next to them palpi, and the external pair
tentacles, or tentacular cirri (see Plate I., Fig. 4). As we have
already stated, these appendages are exceedingly sensitive as
organs of touch, and if we attentively watch the motions of a living
Nereid, we may see them alternately projecting and retracting, and
extending themselves again towards the various objects within
their reach. The mouth, proboscis, and maxillœ, or jaws, we have
already described.
The feet are most important organs (Plate II., Figs. 23, 24).
They are generally in the form of small tubercles, and for the most
part are composed of two branches. Their summit or tip is frequently armed with one or two bundles of bristles or setæ, which
play an important part in the history of the animal. To a more
detailed description of these we will return, after describing the
other appendages. Theso are the cirri and branchiæ.
The cirri are usually numerous, and well developed ; sometimes
rather short, at others long and slender. They form, also, organs of
touch, and, as such, are of great consequence to the animal. Of
still greater importance, however, are the branchiæ. These organs,
as we have already stated, in the description of the respiratory
system, are various in shape, and their use is evidently to aerate
the blood. The scales, or elytra, as they have been called by
Savigny, which exist in some species of the Errantia, are generally
connected also with the feet, being attached to the dorsal tubercle
of these organs, and, according to the opinion of many authors, are
useful as an aerating or branchial apparatus.
The setæ, or bristles, with which the feet are provided, and
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which, as we have stated above, play an important part in the
history of these animals, we shall now describe at some length.
They form an ornamental appendage to the worm, and at the same
time are used as organs of offence and defence. Notwithstanding
they live in situations in which they are seldom seen by the human
G e
J ) ye^ m some species these organs have a remarkable degree 01
brilliancy, shining with a metallic, lustre and splendour of the
richest kind. The common sea-mouse, for instance (Aphrodita
aculeata), has a large bundle of these attached to each foot, which
are very fine, and of considerable length. " Qold, azure, purple,
and green play on their surface in a thousand reflections ; and these
colours, often iridescent, are in perfect harmony with the changing
reflections and rings of the body. The wing of a butterfly has not
received a more brilliant dress than these worms, concealed at the
bottom of the waters, and sometimes buried in black and fetid
mud." As Cuvier says, " They are brilliant as gold, and changeable
to every hue of the rainbow. The colours they present are surpassed in beauty neither by the scale-like feathers of the hummingbird, nor by the most brilliant gems." We must not suppose,
however, that in other species these bristles are only given to them
as articles of ornament. On the contrary, they are as useful as
ornamental. Surrounded on every side by enemies, usually dwelling in the waters in which these Annelides live, they require a
system of defence to fit them for living in the midst of their foes.
TJiey are powerful weapons of offence, also, to enable them to
conquer their prey. Savigny was the first to show that these
bristles or setæ were retractile as well as extensile, and that the
animals possessed this power at will. He distinguished two different
kinds. Some, the more abundant, he called bristles (soies) ; others,
fewer in number and less conspicuous, he named spines (aciculi).
These latter, the spines or aciculi (Plate II., Fig. 2), are of one kind
only, and generally number one or two on each foot. They are
stouter than the bristles or setæ, more resisting in their nature, and
usually shorter, and a shade darker in colour. They can only be
slightly projected beyond the tip of the foot, but their comparative
shortness and stoutness permit them to be used with a considerable
degree of force and precision. Milne Edwards states that they are
thus employed by the Annelide to give the coup de grace to the
enemy against which they are directed.
The bristles or setæ, properly so called, are very various in form,
and afford excellent characters, in many of the genera, for defining
the species. Little was known of their structure or diversity of
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form till MM. Audouin and Milne Edwards undertook to describe
them. Savigny mentions them as of one kind only ; the latter
authors divide them into two, the simple and the compound. The
simple bristles are so called because they generally consist of only
one piece. In form, however, they vary very much.
Most of them terminate in a sharp point, but some have the
extremity blunt (Plate II., Fig. 1), or even rounded or club-shaped
(Fig. 12). Some have a falchion or scymetar-shaped extremity,
which may be smooth or denticulated on the edges (Fig. 5) ; some
are forked at the extremity (Figs. 3, 4), whilst others again are
forcipate or clawed (Fig. 7). In more minute details of form, however, they vary immensely, and, as I have already said, afford good
characters for defining species. Some of the Annelides belonging
to the order Errantia, have a great number of bristles, so very fine
and long that they may rather be called hairs, but which Milne
Edwards terms flexible setæ (Fig. 13). These are the ornamental
setæ mentioned above. They are of little use as organs of defence
or offence, but in addition to their ornamental character, they may
be described as organs of locomotion, as they may be seen waving
to and fro at every slight movement of the water. Bristles such as
these are found in abundance in the species of Aphrodita and
Amphinome. In some of the former, as in the common sea-mouse
(Aphrodita aculeata) these flexible and slender hairs are so interlaced
on the back as to form a kind of felty^like covering, which conceals entirely the scales or branchiæ. The simple setæ represented
(Figs. 3, 4), are called furcate, or forked. The forks may be either
smooth (Fig. 3) or serrated on their internal edge (Fig. 4), and one
of the legs of the fork is always much longer than the other.
Fig. 6 represents the straight sharp-pointed lanceolate setæ, and
Fig. 5 the falcate or scymetar-shaped bristle, which may be either
smooth or serrated on the edges. Fig. 7 represents the forcipate
or forceps-shaped setæ; and Fig. 8 the pectinate or comb-like
bristle of Amphinome. Fig. 9 exhibits the form of the denticulated
setaceous bristle, called canaliculate by M. Edwards ; and Fig. 10
the sharp serrated or tooth setæ. Fig. 11 represents the serrated
setæ, toothed only for a short distance below the point ; and Fig. 12
the clavate or club-shaped bristle. Had these worms no other
weapons than these represented here, they would be formidable
foes, and powerfully armed for defence against their enemies.
The
compound setæ, however, are still more complicated in their structure, and even more effective as weapons of war. They are always
formed of two parts, separated from each other by an articulation
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or joint. The inferior portion is called the stalk, and the terminal
portion, which is articulated on to the summit of this stalk, is called
the appendage (Plate II., Figs. 14—22).
These setæ are of several forms, but their modifications are, as
in the simple kind, extremely various, and take their names from
the figure of the appendage. In some species this is moulded so as
to represent, in a certain degree, a harpoon, in others it exhibits
the appearance of a lancet or knife, which may be either smooth or
serrate on their edges (Plate II., Fig. 18). Some have the appendage falchion-shaped (Fig. 19), and others show, so to speak, the
semblance of a bayonet fixed upon a musket, whilst others again
represent the appearance of a barbed arrow. These compound setæ
are organs of great power, and when the animals use them to pierce
the bodies of their enemies, they leave this appendage in the wound
they have made (Fig. 14).
The setæ which Milne Edwards describes under the name of
harpoon-shaped bristles are of a very particular structure, and are
named so by him from a fancied resemblance to the appearance and
use of the weapon so-called (Plate II., Fig. 20). They are only
found in some of the genera. The stalk is long and slender, and
the appendage, which is equally slender but very sharp-pointed, is
fixed upon it very obliquely. When this harpoon-shaped seta is
launched against its adversary, the sharp-pointed and slender
appendage is disarticulated and remains behind in the wound.
Even then, however, the portion of the seta which remains in the
foot of the animal is no mean weapon of itself.
On account
of the obliquity of the articulation, the point of the stalk is
sharp-pointed, and though short, compared with the whole seta
uninjured, it serves a most useful purpose as a weapon of defence.
The bayonet-shaped setæ are even a little more complicated in their
structure than the harpoons. They are so called by Milne Edwards
from a fancied resemblance to a bayonet fixed upon the muzzle of a
musket (Plate II., Figs. 21 and 22). The appendage in this form of
bristle is articulated to the stalk, both at its extremity and by its
side. The extremity is generally very sharp, and its lower part
terminates inferiorly in a point projecting downwards, so that when
the bristle is thrust into the body of its assailant, the appendage
cannot be retracted, but remains behind when the seta is withdrawn. Moreover, when this appendage is altogether removed,
there remains a sharp-pointed style projecting from the interior of
the stalk, which seems to be hollow, and to serve as a kind of
scabbard to the bayonet. This can be used by the animal as a
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formidable weapon against any animal of such a hard resisting
substance that the fine point of the appendage cannot penetrate.
The kind of bristle or seta which by Milne Edwards is called the
arrow-shaped bristle, but which Dr. Johnston calls the lance bristle,
is of a different form altogether. Theso are neither like bayonets
nor harpoons, but like barbed arrows, or pikes barbed on their
edges and contained in a sheath (Plate II., Figs. 15—17).
In Fig. 15 we have represented tho appearance of this barbed
arrow shut up in its sheath. It looks like a simple short-bladed,
lancet-shaped seta, but when we press it we find that this sheath
opens by two valves, and discloses in its interior another seta formed
like a barbed arrow or lance (Fig. 10), sharp at the point and
toothed on each side, the denticulations pointing downwards (Fig.
17). The sheath is formed of two valves lying one against the
other, and is open at the apex, through which the point of the
arrow projects.
These valves are flexible, and can easily be
separated one from the other, so that when the animal uses this
weapon, these valves are reflected, and being of an elastic nature,
they return to their natural position when the weapon ceases to be
used. The tubercles of the feet, says Milne Edwards, from which
these barbed arrow-shaped setæ spring, are in reality quivers full of
arrows, stored there for the use of the animals to protect them
from violence ; or as Gosse, more fancifully says, you may imagine
you behold the armoury of some belligerent sea-fairy, with stalks of
arms enough to accoutre a numerous host. If you look closely at
the weapons themselves, he continues, they rather resemble those
which we are accustomed to wonder at in missionary museums, the
arms of some ingenious but barbarous people from the South Sea
Islands, than such as are used in civilized warfare. From this
description we see that Annelides possess a series of bristle-like
organs which are not to be looked upon as mere ornaments, or as
organs of locomotion only, but as defensive arms of a peculiar kind,
which will not suffer by comparison with the stings of bees, the
spines of certain fishes, or the stiff and moveable bristles of some
mammalia. When these weapons diminish in size and frequency,
and become better adapted to locomotion, the worms in which this
degradation takes place, as if conscious of their defenceless state,
forsake the wandering life and seek additional security by digging
themselves furrows for retreat in the sand or mud.
The number of such like weapons in these worms is immense.
" Let me ask the naturalist/' says Dr. Johnston, "to count the
number which may be required to furnish the garniture of a single
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individual. There are Annelides which have 500 feet on each side,
each foot has two branches, and each branch has at least one spine
and one brush of bristles, some of them simple, some of them compound. This individual, then, has 2000 spines at least ; and if we
reckon ten bristles to each brush, it has also 20,000 of them. This,
as Sir Thomas Brown would say, is one of the ' magnalities ' of
nature ; yet let us look a little further, not merely to the exquisite
finish of each bristle, but to the means by which the host is put in
motion. There is a set of muscles to push them forth from their
port-holes, there is another to replace each and all of them within
their proper cases ; and the uncounted crowd of these muscles neither
twist nor knot together, but play in their courses regulated by a
will that controls them more effectually than any brace ; that now
spurs them to convulsive energy, now stills them to rest, and anon
puts them into action where the ease and grace charm us to admiration, and fix the belief that even these creeping things participate
largely in the happiness diffused throughout creation."
PLATE I.—NERVOUS AND CIRCULATORY SYSTEMS.

Fig. 1.—Nervous system of NEREIS : a, brain, or cephalic (præesophageal) ganglion ; b, b, b, b, cords forming the esophageal ring ;
c, c, ventral or post-esophageal ganglia ; d, d, nerves of internal and
external antennæ.
Fig. 2.—Nervous system of SERPULA : a, brain ; b, b, cords forming the esophageal ring ; c, c, nerves going to the branchiæ ; d, d,
thoracic ganglia of the ventral chain.
Fig. 3.—Nervous system of LUMBRICUS : a, brain ; b, b, cords
forming the esophageal ring ; c, c, large nerves going to the anterior
extremity of the head ; d, d, ventral ganglia.
Fig. 4.—Head and maxillæ of NEREIS : a, small or middle
antennæ; b, b, large or external antennæ; c, c, tentacles;
d, d, maxillæ; e, one of these maxillæ much enlarged, isolated.
Fig. 5.—Masticatory apparatus of EUNICE : a, sternal lip ; b, b,
upper maxillæ ; c, c, lower maxillæ ; d, d, denticulæ of Quatrefages,
or third pair of maxillæ.
Fig. 6.—Circulation of the blood in NEREIS : a, head and
antennæ, etc., as in Fig. 4 ; b, pharynx ; c, d, esophagus and intestine ; e, e, dorsal vessel, which sends the blood forwards ; /, ventral
vessel which conveys the blood backwards. The rest of the red
lines show the recurrent intestinal, branchial vessels, etc.
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PLATE II.—SETÆ, OR BRISTLES OP ANNELIDES.

(Figs.

1

to

13.—Simple

Setæ.)

Fig. 1.—Blunt pointed seta—of AMPHINOME.
Fig. 2.—Acicula—of NEREILEPAS.
Fig. 3.—Simple furcate seta—of AMPHINOME.
Fig. 4.—Serrated do.
Fig. 5.—Falcate seta.
Fig. 6.—Lanceolate seta.
Fig, 7.—Forcipate ceta—from EUNICE.
Fig. 8.—Pectinate, or Comb-like seta—from EUNICE.
Fig, 9.—Canaliculate seta—from LEPIDONOTUS.
Fig. 10.—Sharp serrated, or toothed seta—from AMPHINOME.
Fig. 11.—Seta, serrated for only a short distance.
Fig, 12.—Clavate, or club-shaped seta—from LUMBRINEREIS.
Fig. 13.—Capillary seta, or hair—from APHRODITA ACULEATA.
(Figs.
Fig.
Fig.
Fig.
Fig.
pig,
Fig,
Fig.
Fig.
Fig.
Fig.
Fig.

14.—Simple
15.—Barbed
16.—Do.

to

22—Compound

Setæ.)

compound seta—from ETEONE.
arrow-shaped seta, with valves closed.
do.
valves opened.

valves removed —■ all
from APHRODITA.
18.—Cultrate, or knife-shaped compound seta.
19.—Bill-hook, compound seta.
20.—Harpoon-shaped seta—from NEPTHYS.
21.—Bayonet seta—from PHYLLODOCE.
22.—Do.
do.
23.—Foot of APHRODITA HYSTRIX.
24.—Another view of same.
17.

Do.

14

do.
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of escaping from the conclusion accepted by Sir John Herschel, that
we are here " looking through a sheet of stars nearly of a size, and
of no great thickness compared with the distance which separates

BY R. A. PROCTOR, B.A., P.R.A.S.

IN THREE PARTS, PART II.

who have studied the stellar system most closely recognize
in its structure a complexity which seems to baffle all attempts at
the formation of well-defined views respecting it. Some of the
peculiarities presented by the Sidereal System must now, for a brief
space, engage our attention.
In some regions of the Sidéral System extremely minute stars are
seen, so sparsely distributed as to fall very far short of the number
which ought to be seen if the system extends to the distance indicated (on the usual theories) by the minuteness of these objects,
very far short, in fact, of the number actually seen in other fields
not more richly strewn with stars of less minuteness. We seem
compelled therefore to assume, either that these very minute stars
are actually intermingled with the larger stars which appear in the
same field, or that the galactic system thins off rapidly near its
edges. In other words, we must either abandon the notion of any
approach to uniformity in star-magnitudes, or we must concede a
want of uniformity in stellar distribution, near the boundaries, at
any rate, of the galactic system.* We are, of course, also free to
assume a want of uniformity in both respects.
In other regions a yet more noteworthy phenomenon presents
itself. The stars seen over the ground of the heavens exhibit an
almost uniform lustre, and at the same time a very even distribution.
In such a case we are bound to assume a real uniformity, both in
the magnitude of the individual stars and in the distances which
separato them. For the actual uniformity of apparent magnitude can
only result from a real uniformity, or from such a distribution of
unequal stars at distances proportioned to their magnitude as is
wholly improbable. And it is in an equal degree improbable that,
if the distances between the component stars were unequal, a peculiarity of arrangement should result in presenting to us the appearance of uniform distribution. It appears to me that there is no way
THOSE

* It is singular that Sir John Herschel omits all notice of the second, and perhaps
the more probable alternative. " In those regions," he writes, " where the Milky Way
is clearly resolved into stars well separated, and seen projected on a black ground " (the
italics are his), "and where by consequence it is certain that we look out beyond them
into space, the smallest visible stars appear as such, not by reason of excessive distance,
but of a real inferiority of size or brightness."

them from us."
In other cases a double phenomenon of the kind just described
is presented, leading to the conclusion " that in such cases we look
through two sidereal sheets separated by a starless interval."
It is hardly necessary to point out that the uniformity evidenced
by these peculiarities is of a very different kind from that which the
elder Herschel took as the basis of his star-gaugings. His results
were obtained on the supposition that there are no such starless
intervals as must necessarily be assumed to lie on either side of the
" star-sheets " of Sir John Herschel.
Another law has been detected in the aggregation of stars, a law
which tends rather to modify than to negative the results of Herschel's star-gauging. Among the possible explanations of the existence of a galactic zone, there is clearly this one, that in place of a
great extension of our system in the direction indicated by that
zone, there exists a real condensation of stars in that direction. To
determine whether such a condensation, or a condensation of any
sort, exists in the neighbourhood of the Milky Way, it is necessary
to compare not merely the number of stars visible in different fields
of view, but the number of stars of the same apparent magnitude. That is, it is necessary to take into account the relative
distance of the stars as supposed to be indicated by their relative
lustre. This has been done for all orders of stars down to the ninth,
inclusive, by the elder Struve. He has shoAvn that there is a marked
condensation of stars towards the plane of the galactic circle; a
condensation, however, which, as might be anticipated, is far from
being sufficient, per se, to account for the observed increase of light
in that direction. In other words, we are still bound to accept a
considerable extension of our system in the galactic plane as fairly
deducible from the gauges of Sir W. Herschel, but we have a
secondary cause for the law observed in those gauges which is not
to be neglected when we are attempting to realize the actual constitution of the sidereal system. It may be noticed in passing that
the condensation detected by Struve is more marked among the
smaller stars ; but is not wholly wanting among the stars of the
first four or five magnitudes. Sir John Herschel's gauges in the
southern hemisphere gave a different result, and he holds that it is
only as we approach the sphere of the telescopic stars that we obtain
any appreciable indications of condensation. The difference between
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the two hemispheres in this respect is worth noticing, and may be
looked upon as connected with another peculiarity mentioned by Sir
John Herschel, viz., the greater richness of the southern hemisphere
in stars of all orders.
We see, then, that in many important respects Herschel's first
supposition, that there exists an approach to uniformity in the
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the dimensions of the solar domain.

In the sidereal system we

seem to be presented with a finite number of such suns, forming a
cluster, which is surrounded on all sides with unmeasured depths of
Assuming our system to form one of a finite number of

space.

similar systems, separated from each other by distances bearing a
very large ratio to the dimensions of each, and that thus a system

magnitudes of stars, and in their distribution throughout our system,

of a higher order is formed, which again forms one of a finite

is found not to be consistent with observed facts.

number of similar systems, and so on continually,—Hie dimensions of

Let us next

consider his second supposition, or we believe we should be more

each system of whatever order being always very small in comparison

correct in saying his tacit assumption, that there is no appreciable

with the distance separating it from its neighbours.

extinction of light in traversing interstellar space.

longer result as a necessary consequence even an appreciable illu-

The considera-

tions connected with this question are of great importance and
interest.
It may seem at first sight, and has been maintained by many
eminent scientific men, that if infinite space is occupied by an infinite
number of stars, whose average intrinsic lustre is equal to that of
our own Sun, then, unless light suffer extinction in itsprogressthrough
celestial regions, the whole sky would everywhere appear as brilliant
as the solar disc.

Indeed it may be proved that an uniform distri-

bution of such suns, at whatever common distance, and whatever
their mean magnitude, must inevitably lead to an illumination of
this sort unless light be gradually extinguished as supposed.

Or,

again, if we suppose that the system of stars whereof our Sun is a
member is limited on every side, but that an infinite number of such
systems exist uniformly distributed, at whatever interval, throughout space, the same result would inevitably follow.

Now, wholly

incomprehensible as the idea of infinite space is to our finite minds,
we cannot escape the admission of its existence.

The only question

for us is between an infinity of occupied space and an infinity of
vacant space, surrounding a finite universe.

Either idea is equally

incomprehensible; but the former is merely beyond, the latter seems
contrary to

reason.

It would

seem, therefore,

as if we were

compelled to accept the gradual extinction of light as the only possible explanation of the darkness of the background on which the stars
appear to be projected.
But there is another way in which we may explain the darkness of
the sky at night, without assuming either the extinction of light,
or that occupied space is an infinitely minute speck amidst an infinity
of vacant space.

So far as I am aware, it is new, at least as regards

its application to the difficulty we are now considering : In the solar
system we are presented with a finite number of bodies placed
within a region of unoccupied space, bearing a very large ratio to

mination of the whole heavens.

There would no

I do not present these views as

hypothesis which I wish to support, all I seek to show is that by
assuming the existence of such systems in successive orders, the
subject of the extinction of light is left an open one.

Of course

the question is also left open if we assume that occupied space is
finite.

Such an assumption appears to me, however, to be incon-

sistent with the conception of an omnipotent Creator.
The arguments for and against the extinction of light have an
important bearing on the theory of our sidereal system.

Few

subjects have been more acutely and closely reasoned.
Olbers was the first, I believe, to put forward a definite theory
asserting the extinction of light, though Halley, and many other
philosophers, had held somewhat similar

views.

In support of

Olbers' theory the elder Struve put forward the following considerations :—
Sir W. Herschel's twenty-feet reflector should have a spacepenetrating power of 74'83, the range of the naked eye being taken
as unity.

Now Struve found by a computation based on the law of

condensation of the stars in the plane of the Milky Way, that such a
power as this should result in giving an average of 3021 stars for
the telescope's field of view, 15' in diameter.

But, instead of this

number, Herschel's observations give only 122 stars per field.
And Struve calculated that Herschel should have seen as many stars
as this with a space-penetrating power of only 25-67, if there is no
extinction of light. It seemed to follow, therefore, that the minutest
stars visible in Herschel's telescope send no more light to us than
stars nearly three times as far off would send if there were no
extinction.

Therefore the smallest stars visible to Herschel shine

—according to Struve—with little more than one-ninth part of their
proper lustre ; or, more exactly, the diminution of brightness is no
less than
VOL.

ths of the whole quantity.

in.—NO. II.

i
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But it is answered by Sir John Herschel that the results on
which Struve founds his calculations may be otherwise explained.
If there is a diminution in the density of stellar aggregation
towards the limits of the Milky Way, corresponding to the observed diminution at right angles to the plane of that zone, the
same effects would be perceived as would appear on Struve's hypothesis of an extinction of light.
To this Struve answered that the diminution of density must—
in order to account for the results of observation—be assumed to
take place on every side of the Sun, which therefore must be
supposed to occupy a central position in the sidereal system. But
we have no evidence whatever—said Struve—in support of this
supposition. He considered that the galactic system is unfathomable—so far as we are concerned. He therefore dismisses the
supposition of a diminution in the density of star-aggregation, as
altogether inadmissible.
He pointed out another objection to the hypothesis of a diminution of density in stellar aggregation. He found that on the
supposition of a stratum of stars of indefinite extent—that is, unfathomable to us—and uniformly diminishing in density on either
side of its central plane, there results from Herschel's gauges a law
of diminution according almost exactly with the law which results
from an examination of the numerical relations among stars down
to the ninth magnitude. He considers that this agreement cannot
be accidental. It must be remarked, however,—before proceeding
to positive objections to Struve's view—that, a single agreement of
this sort, though antecedently improbable, is not sufficient to establish such a theory as that for which Struve was contending.
But now an argument was brought forward which appears to me
absolutely conclusive against the views of Struve and Olbers. It
was pointed out by Sir John Herschel that the Milky Way is fathomable in almost every part by the twenty-feet reflector. Therefore, on
the one hand, the fact that in nearly every direction the richest
portions of the Milky Way are resolved into discrete stars perfectly
free from nebulosity, affords decisive evidence that the sidereal
stratum is not infinite in extent. On the other hand, the fact that in
certain directions the stratum has an increased range which prevents the twenty-feet telescope from completely resolving it, affords
equally decisive evidence that light coming from a distance far
beyond that which Struve regarded as the limiting range of such a
telescope is rendered perceptible to us by its means. " We are not
at liberty," Herschel justly points out, " to argue that at one part
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of its circumference our view is limited by this sort of cosmical veil
which extinguishes the smaller magnitudes, cuts off the nebulous
light of distant masses, and closes our view in impenetrable darkness ; while at another, we are compelled by the clearest evidence
the telescope can afford to believe that star-strewn vistas lie open
exhausting their powers and stretching out beyond their utmost
reach, as is proved by that very phenomenon which the existence of
such a veil would render impossible,—namely, infinite increase of
number and diminution of magnitude terminating in complete
irresolvable nebulosity."
It seems, therefore, that we have as yet no evidence that light
suffers extinction at all ; and certainly light does not appear to
suffer appreciable extinction within the bounds of our sidereal system.
Hence it follows that we must either accept Herschel's view that
there is a rapid diminution in the density with which stars are
distributed, as we leave the central regions of our system; or else
we must suppose that there is a sensible diminution in the magnitude of stars around the borders of the sidereal disc. The latter
view, which I believe to be new, seems at least as probable as the
other. In either case we must assume that our Sun is not very far
from the centre of the system.
There are other features of the sidereal system which are well
deserving of a careful scrutiny. The existence of variable stars,
and of binary and multiple systems, the sudden blazing forth of
temporary stars, some of which have excelled even Sirius in splendour, the reputed existence of dark orbs,—all these and many other
evidences suffice to show how much variety there is amongst tho
denizens of stellar regions. That there should be such variety
is what our contemplation of the solar system leads us to expect.
And, indeed, when we remember how largely the resources of
astronomy have been taxed for the detection of the known peculiarities of the solar system, and that, for aught we know, not a
tithe of the various orders of bodies which form that system havo
yet been revealed to us, surely it seems little likely that what we
know of the sidereal system affords the faintest conception of the
wondrously varied forms of creation which doubtless exist within
the stellar spaces.
But we have yet to consider those mysteries of mysteries—the
nebulas.
The discovery that the vault of heaven is bestrewn with multitudes of objects, which differ wholly in character from the fixed
stars, may be said to belong to the last hundred years. In 1768,
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only 68 nebulæ had been detected.
Singularly enough, 42 of
these belonged to the southern hemisphere. In 1771, Messier
published a list of 103 nebulæ. But all prior investigations sink
into insignificence in the presence of the discoveries made by the
two Herschels. In 1786, Sir W. Herschel published a list of 1000
nebulæ ; three years later he added another 1000 ; and finally, in
1802, he formed a supplementary list of 500 new nebulæ. Sir J.
Herschel examined no less than 2306 northern nebulæ, of which
500 were discovered by himself; then journeying to the Cape of
Grood Hope, he formed a catalogue of 1708 southern nebulæ. Of
the 6000 known nebulæ, the Herschels have discovered more than
four-fifths.
The views entertained respecting nebulæ are so vague that it is
hardly possible to present them in any systematic form. But,
perhaps, we shall be able to form a tolerably fair estimate of
modern notions by considering the two chief hypotheses which have
been held by astronomers.
First, we must draw a line of demarcation between nebulous
objects which are assumed to belong to the galaxy, and true
nebulæ. This is not so easy a matter as it might seem at first
sight. In the sidereal universe we see binary, triple, and multiple
systems; we see also star-clusters, such as the Pleiades, and Præsepe,
and that wonderful cluster which adorns the sword-handle of Perseus ; we see also clustering collections of stars, extending far more
widely than any of these. But already we have touched upon a
difficulty. Such spots of light as the cluster in Perseus—are these
to be looked on as certainly belonging to the galactic system ? I
have no doubt myself upon the point ; nor, so far as I am aware,
has any astronomer ever expressed any. Yet it is not easy to see on
what grounds we can assume that the spot in Perseus belongs to
the Milky Way, while we look upon other clusters—the great cluster in Hercules for example—as lying far out in space beyond the
confines of our galaxy. For the present, however, we may content
ourselves with the distinction usually drawn by astronomers, and
admit irregular and widely-distributed clusters as belonging to the
sidereal system, while we place the globular and closely-compacted star-clusters in the list of true nebulæ.
Thus there remain five classes of nebulæ :
Resolvable nebulæ, or nebulæ which exhibit such an appearance
as leads the experienced astronomer to suspect that with an increase
of telescopic power they can be resolved into discrete stars.
Nebulæ which exhibit no trace of resolvability.
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Planetary nebulæ.
Stellar nebulæ.
Nebulous stars.
Now, according to one view, which was maintained until quiterecently as by far the most probable theory, objects belonging to
all these classes (including globular star-clusters), were looked upon
as in reality composed of Suns, resembling our own in magnitude
and splendoui', and separated from each other by distances comparable to, perhaps surpassing, the distances which separate our
Sun from neighbouring fixed stars. Nebulæ, in fact, were looked
upon as galaxies resembling our own, some exceeding it, others
falling short of it, in richness and splendour : but all of them
" island-universes," to use Huniboldt's expressive verbiage, and all
of them—even the nearest—removed from us by distances which
exceed, in an enormous proportion, the dimensions of our galaxy.
The resolvable clusters were of course considered to be the nearest
of the outlying universes. Accordingly, when it is remembered
that some of these are clearly resolved by pigmy tubes, while there
exist irresolvable nebulæ of great apparent extent, which have
defied the power of the great Parsonstown reflector, it will be seen
how largely—on the hypothesis wo are considering—the " islanduniverses " vary in their distances from us, and in their own
dimensions.
According to the other hypothesis, multitudes of the nebulæ
are outlying universes, but not all of them. Sir W. Herschel, in
the beginning of his career, had held the former opinion, following
in this respect Cassini and Mitchell. But in the first year of the
present century, he began to express different views. Admitting
that the majority of the nebulæ are aggregations of Suns, rendered
nebulous only through excessive distance, Herschel was led to the
belief that many nebulæ are formed in reality—as in appearance—
from cosmical vapour. Haifa century before, Kant and Lambert had
expressed similar views ; but their speculations had not been founded,
as Herschel's theories were, upon a long process of research among
nebulæ. Herscher's treatment of his observations was characterized
by his usual clear-sightedness. He pointed out the remarkable
contrast that exists between the small yet easily resolved clusters,
and such objects as the great Orion nebula, and the " queen of the
nebulæ" in Andromeda. Both of these are distinctly visible to
the naked eye, and are yet absolutely irresolvable even in those
monster tubes which the Herschels directed towards the heavens.
He dealt also with the peculiarities of the planetary nebulæ and of
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nebulous stars. The former, shining as discs of bluish or greenish
light, are very unlike star-clusters of equal apparent dimensions.
In many respects also they present a very different aspect from that
which we should be disposed to assign to star-universes of abnormally large absolute dimensions, removed to a proportionately enormous distance. As regards the " nebulous stars," there are equal
difficulties to encounter. If the central brightness is really, as it
appears to be, due to the presence of a single star, how largely must
the dimensions of this Sun exceed those of the other members of
the system it belongs to ; and how different, therefore, must that
system be from our own galaxy. On the other hand, if the central
brightness affords evidence of a close aggregation of stars, how
different is the variety of distribution indicated by this arrangement,
from the uniformity attributed to our own sidereal system.
Influenced by considerations such as these, and by others on
which I have not space now to dwell, Herschel propounded the
hypothesis that many of the unresolved nebulæ are not sidereal
systems, but are formed of a nebulous fluid resembling in some
respects that which is assumed to form the substance of comets.
He held, as a natural corollary to this view, the opinion that nebulæ
thus composed are not necessarily far removed beyond the limits of
our own galaxy, but may be situated amidst the interstellar spaces.
He showed further how there may be traced among the different
orders of vaporous or fluid nebulæ the stages of a process of development leading upwards, he held, to the formation of suns resembling
our own.
I have said that the former theory has been held to be the most
probable one. This has arisen from the fact that under the amazing
light-gathering power of Lord Rosse's great reflector, and under
the exquisite defining power of the Harvard College refractor, the
Orion and Andromeda nebulæ have been resolved, in part at any
rate, into discrete stars.
But the marvellous revelations afforded by the spectroscope, in
the able hands of Mr. Huggins, have shown that the one great
mistake into which it had been assumed that Herschel had fallen,
was in reality the most magnificent of his many anticipations of
modern discoveries. We cannot, indeed, assert that Herscher's
speculations respecting the genesis of stars have been confirmed.
They have not, however, been disproved. And the great fact
which he considered as the legitimate deduction from his observations, has been placed beyond a doubt. The spectroscope tells us
in a manner which admits neither of doubt nor cavil, that many of
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the nebulæ are composed of luminous gas, and amongst these are to
be included the Orion nebulæ and all the planetary nebulæ which
have as yet been observed. The Andromeda nebulæ, about which
Herschel expressed no decided opinion, is found to shine with stellar
light. The same is the case with all the cluster-nebulæ which have
yet been examined with the spectroscope.
In my paper on the distribution of the nebulæ* I have exhibited
the very remarkable and significant relations which the nebulæ
present when viewed as a system. The supposed nebular zone of
Sir W. Herschel has been shown not to be a reality. On the contrary, the northern nebulæ are found to be gathered into a vast
cluster covering about one-fourth oMhe surface of the northern
celestial hemisphere, and situated nearly at the pole of the galactic
circle. In the southern hemisphere there is a greater uniformity of
distribution, save where, within the Magellanic Clouds, nebulæ are
found clustered even more closely than in the richest parts of the
northern nebular cluster. These mysterious clouds, however, are
considered by our leading astronomers to possess a character which
separates them as well from the true nebular system as from the
sidereal system. The reasons on which this opinion is founded are
sufficiently remarkable per se, though they are justified, I imagine,
by the theories astronomers have been so long content to hold
respecting the universe : The Magellanic Clouds, it would seem, are
to be looked on as belonging neither to the nebular nor to the sidereal
system, because they exhibit the characteristics of both systems.
* « Notes on the Nebulæ." See THE STUDENT for March last, and the illustrative maps.
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his "Treatise on Light/' M. Becquerel gives the following
directions for photographing the colours of the spectrum. Many
observers have remarked that chloride of silver takes different tints
according to the circumstances under which it is prepared, or
according to the colour of the light which strikes upon it. Thus
Seebeck noticed its affecting a red tint under the influence of red
light, and Sir J. Herschel observed that paper made sensitive by
chloride of silver, and exposed to the action of a powerful spectrum,
received such an impression that the red was vivid though of a tint
approaching brick red, the yellow was wanting, the green dark and
passing into black. Mr. Hunt also obtained red tints upon paper
prepared with chloride of silver.
It was also known that ordinary chloride of silver when heated
after being coloured violet by light, assumed a reddish tint similar
to that of the red portion of the spectrum. It might be asked
whether this last effect was not due to the action of heat, for in all
cases common chloride of silver, when its coloration begins, is
slightly violet, the impression being first manifested in the most
refrangible part of the spectrum, and it takes a brick red tint in the
least refrangible part, and it was a curious coincidence to see the
two extremities of photographic impression of the spectrum made
on chloride of silver, turning it violet in the violet rays, and red in
the red ones. M. Becquerel having satisfied himself in 1838 or
1839 that the action was not calorific, proceeded to examine the
precise conditions of the different effects. He says, '' If chloride of
silver is not obtained by double precipitation on the surface of the
paper, but by means of reagents in a glass vessel, and deposited on
glass, porcelain, cardboard, etc. ; if this chloride has. not been
previously exposed to light, as soon as a solar spectrum is projected
upon its surface, it begins by only receiving an impression in the
part beyond the violet, and we only obtain a delicate violet tint,
which grows gradually darker, and no action takes place in the
visible portion of the prismatic image. But if we use perfectly
pure chloride without any excess of silver, and it has been previously
impressioned, the effect is very appreciable : in the violet the tint
deepens until it resembles that produced in diffused light, but in the
red portion we obtain a slight rose tint, and no effect is distinctly
manifested in the yellow and green, although a faint coloration takes
place.
If the chloride of silver is obtained on the surface of paper first
IN
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plunged in solution of common salt, and then in a bath of nitrate of
silver, and there is an excess of nitrate of silver, the effect is not the
same. In this case if there has been no previous exposure to light,
chemical action is only manifested in the ultra violet portion, but if
it has been exposed to light it becomes sensitive to the visible
spectrum from blue to red.
It occurred to me to prepare chloride of silver directly by
attacking a plate of silver with chlorine, either in its ordinary
gaseous state, or as it is obtained by the decomposition of chlorides.
By exposing a plate of silver to the action of gaseous chlorine it
becomes greyish white, and when the solar spectrum is projected on
its surface, no phenomena were sharply observed, but a grey tint
appeared in the violet, indicating chemical action. I then caused the
silver plate to be attacked by chlorine rising from water impregnated with it ; or, what is still better, by plunging it in chlorine
water, and leaving it there for a few minutes, when it becomes
covered with a greyish white layer, the action upon which differed
much from the preceding. After exposing it for several minutes to
the luminous spectrum of the sun, I noticed a remembrance (souvenir)
of the spectrum impressed on the plate, and corresponding exactly
in position and colour to the tints of the spectrum ; the portions on
which the red light had fallen were pale red, the yellow was yellow,
the blue blue, etc. On exposing the plate once more to the light
of the spectrum, these effects disappeared, and there remained only
a grey tint which extended throughout the portions the spectrum
affected.
I then saw that it was not a simple coincidence of tint which
gave to chloride of silver, previously impressioned by light, the red
of the spectrum in one part and the violet in another, but that the
white, unaltered chloride was probably mixed with a subchloride
—that is to say, a chloride having one equivalent of chlorine less
than the white chloride—and that it was in this substance the tints
occurred.
By substituting for chlorine water solutions of chlorides, such as
bichloride of copper, iron, etc., and hypochlorides, such as soda,
lime, etc., capable of giving up chlorine to a plate of silver, I
obtained, as in the first solution, a surface capable of reproducing
the image of the spectrum in corresponding colours. One which
gave the best result, and which I made known in 1848, is a
solution containing bichloride of copper. This preparation is not
difficult to make. We take commercial sulphate of copper and
chloride of sodium ; we mix these two salts in excess with a certain
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quantity of water, a double reaction occurs, and bichloride of copper
is formed. A volume of this liquid is -mixed with one volume of a
saturated solution of common salt and six volumes of water. A
plate of silver plunged in this liquid rapidly acquires a violet tint,
due to the presence of a thin layer of chloride of silver, and becomes
impressionable to the action of the spectrum, and can reproduce
its principal tints. Chlorides of potassium, strontium, etc., used
instead of chloride of sodium, give the Same results, showing that
the alkaline base has no action on the silver compound which is
formed.
The silver plates should be very pure, and previously heated to
300° or 400° (C), if they have been used in experiments with
mercurial vapours, and they should be carefully cleaned.
Although this mode of preparation is sufficiently simple, it does
not allow the thickness of the impressionable film to be increased at
pleasure. I therefore abandoned it, and substituted a method which
allows this thickness to be regulated as may be desired, and affords
results otherwise noteworthy. This process consists, as will be seen
from what follows, in conducting, by means of electricity, normal
chlorine gradually to the attack of the silver plates.
It will be remarked that although these various modes of
preparation only form combinations of chlorine and silver, their
impressionable surfaces are far from exhibiting the same effects under
the influence of white light. Almost all become grey or dark
violet in white light, except that which is obtained directly by the
action of the bichlorides, and which gives a white impression, or
at least lighter than the ground of the plate.
Chloride of silver obtained by this method is more rapidly impressioned than any other ; but it does not give out the colour of
the luminous spectrum. These results show that although the
chemical composition of the sensitive substance may remain the
same under these various circumstances, its molecular constitution
will be different, as manifested by difference in the results. We
shall, moreover, see that, by the aid of heat or light, metallic plates,
prepared in different ways, may be brought into analogous conditions. I found that whatever method is employed, it is necessary
to prepare the sensitive layer quickly; for in operating slowly,
an impression is produced beyond the violet, when the action of
the solar spectrum takes place, and this should not be in wellprepared plates. This circumstance strengthens the opinion that
the film is formed of subchloride of silver ; for if the chlorine has
time to react upon the subchloride, and transform it into ordinary

chloride, it then becomes sensitive to the extreme rays of the
spectrum, like the white chloride obtained by precipitation. When
the plates are plunged in an aqueous solution of ammonia, and
the sensitive film is destroyed, we find even before any previous
impression of the light, that the plates yield chloride of silver
to the ammonia, but there remains a black dust on their surface.
Then there is a reaction analogous to that which occurs when white
chloride of silver, altered by light, is treated with ammonia.
To prepare the sensitive film by electric currents, we begin by
cleaning and even heating the silvered, or the silver plate, whichever
may be used, and giving it a perfect polish, as if for a Daguerreotype
impression. It is then suspended by two copper wires, so that it is
plunged in the middle -of the liquid contained in a suitable vessel,
and can be easily withdrawn. The liquid employed consists of
hydrochloric acid, diluted with eight times its bulk of water. The
copper wires suspending the plate are attached to the positive pole
of a battery, and the plate is immersed when all is ready for the
action to begin. The battery is formed of one or more Grove cells,
according to the size of the plate and the disposition of the apparatus. Without the addition mentioned below, if we operate with
quarters of a Daguerreotype plate (10'6 by 8 centimetres), one cell,
strongly charged, is required. Two cells are required for half such
a plate, and three for a whole one.
When the plate is placed in the liquid and held vertically, a
platina wire is immersed opposite to it and connected with the
negative pole. This wire should be moved in front of the plate and
parallel to it, at a distance of eight or ten centimetres. Bubbles of
hydrogen rise from the platina wire, while the surface of the silver
is coloured by the chlorine resulting from the decomposition of the
hydrochloric acid. If the wire is not moved in the manner directed,
the surface is not equally acted upon.
The tints produced on the plate are like those of thin plates, or
coloured rings seen by transmitted light, and are analogous to the
oxides on the surface of metals. The surface of the plate begins
by assuming a grey tint, afterwards changed to yellow, violet, and
green, according to the thickness acted upon. If we wish to
estimate this thickness by the tints exhibited, we must operate in a
chamber fully illuminated, withdraw the plate at suitable times for
inspection, and stop as soon as the right colour appears. The plate
is then washed, allowed to drain in an inclined position, and dried
by blowing warm air upon it from a spirit lamp. The tints belonging to various thicknesses are well shown near the points to which
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the suspending wires are attached, when a series of coloured rings
may be succeeding in regular order, and finally merging into the
general surface. If the plate is examined by the aid of a lamp it
appears covered with a light whitish dust like a thin veil. This is
removed by carefully passing over it a velvet polisher, which makes
it brilliant, and acquires a dark wood colour (teinte de bois assez
foncée), and in this state it is eminently fit to receive impressions
of the various colours of the spectrum. This slight polishing is
requisite to give brightness to the tints obtained.
To reduce this process to a certainty, M. Becquerel interposes a
Voltameter in the electric circuit, and the quantity of water decomposed is an index to the amount of chemical action effected on the
plates. The back of the silvered plate should be protected by a
varnish, so that its copper side is not attacked. By these means
the plates may be prepared in the dark, and with definite thicknesses
of the sensitive layer; but when the Voltameter is used, more
galvanic cells are required.
When plates of 10'6 centimetres by 8 centimetres are employed,
2cc. 80 of chlorine should be evolved for each square decimetre of
the silver surface, to commence the formation of a violet tint in a
film of the second order ; 3cc. 80 for a violet tint of the third order,
which will give good coloured impressions; and from 6cc. 50 to
6cc. 90 for a film of the third order, giving fine reproductions of
the luminous spectrum. The volumes of chlorine are estimated by
the volumes of hydrogen shown in the Voltameter.
Between 4 and 7 cubic centimetres of chlorine to each square
decimetre of the silver are the limits within which M. Becquerel
recommends the action to take place. M. Poitevin obtains spectrum
impressions on paper, but M. Becquerel says they are inferior to
those taken on the plates.
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ASTRONOMICAL NOTES FOR MARCH.
BY W. T. LYNN, B.A., F.R.A.S.

Of the Royal Observatory, Greenwich.
POSITIONS OF THE PLANETS.—Mars and Jupiter will be the only
planets visible to the unaided sight in the evening during this
month. Mercury is at his greatest western elongation on the
morning of the 18th day; and Venus rises only a short time

before sunrise throughout the month.
MARS will be on the meridian at ten o'clock on the night of the
12th, and at nine o'clock on that of the 25th. He is in the constellation Leo, and will be very near the Moon on the evening of
the 24th.
JUPITER sets early in the night ; at the beginning of the month,
a little before nine o'clock, and, at the end of it, at half-past seven.
The only phenomenon of any of his satellites which offers the probability of being observable, is an ingress of the third satellite on
his disc at about ten minutes before seven on the evening of the

2nd day.
THE MOON.—New Moon occurs at 8h. 46m. on the morning of
the 13th ; First Quarter at 5h. 54m. on that of the 21st ; and Full
Moon at 9h. 33m. on the evening of the 27th. Observation of
the objects on the lunar surface may therefore commence on the
16th or 17th. On the evening of the latter day the splendid row
of craters known as Langrenus, Vendelinus, and Petavius, commencing at the western limb and extending towards the south point,
will be well seen; also the lofty wall of Endymion, a plain not
far from the north point.
On- the 19th and 20th, the region
called Mare Serenitatis, will pass under the terminator; and the
now-celebrated little crater Linné will no doubt again attract
observers. The advent of Posidonius immediately precedes that of
the Mare, which is bounded by it on the west. About the same
time the grand crater called Theophilus will come into view near
the middle of the terminator. On the 20th and 21st, the many
interesting objects in the central region of the Moon, Albategnius,
Hipparchus, and the formations surrounding them, will come into
view ; and not far to the north of these lies the extensive chain of
the Apennines. The grandest of the lunar craters, named Tycho,
which is near the Moon's south point, will repay observation on the
22nd evening.
Copernicus and the surrounding objects will be
near the middle of the terminator on the same day. To the north
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of this crater lies the largest of the lunar plains, called Mare
Imbrium ; which is hounded, on the other or northern side, by the
remarkable object known as Plato. On the 24th, the brilliant crater
Aristarchus will come into view between Copernicus and the nearest
part of the disc. The beautiful walled plain called Schickard in the
southern part of the Moon, will become observable on the 25th;
and the small green plain, known as Mare Humorum, is not far to
the north of it. As objects near the east point which cannot be
seen until near the Pull Moon, we may mention Grimaldi, Eiccioli,
and the Cordilleras and D'Alembert and Book Mountains, extending
southwards.
OCCULTATIONS OF STARS BY THE MOON.—Attention may be called
this month to two of these phenomena; but in neither of them is
the star occulted of any great brightness.
The first is that of g Geminorum (5| magnitude), which is
passed over by the slightly gibbous Moon on the 22nd ; the disappearance taking place at the dark limb, 88° from the highest
point of the Moon, at 9h. 24m. ; and the reappearance, 46° from that
point on the other side, or at the bright limb of the Moon, at
lOh. 31m.
The other occultation is of 7 Libræ, the magnitude of which is
4£, on the 30th, when the Moon is waning and gibbous. The
times of the star's disappearance and reappearance are lOh. 49m.
and llh. 52m. respectively. The Moon passes centrally over the
star, and the disappearance takes place 40° from the highest point,
at a bright part of the disc ; whilst the reappearance will be seen
at a distance of 37° from her lowest point, where the real edge will
be unilluminated.
NEW PLANET.—A 107th Small Planet was discovered by Mr.
Pogson at Madras, on the 17th of November last.
The total
number discovered in 1868 was therefore twelve, not eleven as
stated in THE STUDENT for last month. The largest number found
in any single preceding year was ten, in 1861. For the new
planet, which is the seventh of which Mr. Pogson has been the first
discoverer,* he has selected the name Camilla.
THE TOTAL ECLIPSE OF AUGUST, 1867.—Whilst so much attention has been given to, and so much information derived from, the
total solar eclipse of August, 1868, the observations made of one
which was total in South America, in August, 1867, may possess
some interest for our readers. The account of Herr Grosch, of the
* In more than one other instance, he was anticipated in original discoveries by other
astronomers.

Santiago Observatory, Chili, who observed the eclipse in conjunction
with Vice-director Vergara and Lieutenant^Vidal, has but just been
published.* We have made the following translation of part of his
remarks, premising that the observations were made at a place
called Colchagua, some distance to the south of Santiago. After
describing the formation of the (' Baily's beads," Herr Grosch continues :—
" Whilst these beads were still very conspicuous, there appeared,
on the western limb of the Moon, 45° to the south of the Sun's
equator, the first and most brilliant protuberance, not exceeding
25" in height and breadth ; during the disappearance of the beads,
there came into view another of considerable extent, embracing
an arc of between 40° and 50° in length, and from 25" to 30" high.
Whilst the former was shining bright and brilliant, the latter appeared
dark, almost blackish, with soft reddish (resembling the bloom of
a peach) glimmer. On the same arc, which was spanned over by the
latter prominence, there appeared also several minute,. brightlyluminous points, which seemed, as it were, to shine through the dark
prominence, to move on, and, finally, to disappear with it. According
to ourpreviously-made arrangement, I was not able to direct my attention long to this phenomenon, and could not, therefore, accurately
follow the further changes which took place ; but in giving a hasty
glance to it some little time afterwards, it seemed brighter; that is,
clearer, not blackish-red, with a yellowish glimmer near the Moon's
limb, and almost colourless quite upon it. I repeatedly turned
my eye towards the place, in order to observe, if possible, the
disappearance of the prominence when the first ray of the returning
Sun broke out, but its light came upon me in such a way as to
prevent my succeeding in that object.
The phenomenon had
lasted not quite two minutes.
" At 1 the moment of the disappearance of the beads, there
appeared around the Moon a reddish glimmering light, similar to
that of the aurora, and almost simultaneously with this (that is
very slightly after it) the corona. This reddish glimmer, which
surrounded the Moon, with a border of the breadth of at most 5',
was not sharply bounded in any part, but was extremely diffused,
and less distinct in the neighbourhood of the poles. I can decidedly
affirm this at least as regards the Sun's north point, but not so
much so of the south point, as that part was less observed by me,
but was more particularly attended to by Lieutenant Vidal, who
could not afterwards give any positive information concerning this
* " Astronomisohe Nachrichten," No. 1737.
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phenomenon.—There now appeared upon the east side also several
protuberances, red in colour (almost carmine-red), mixed Avith
yellow, suggesting the idea of flames; of these, three, especially,
exceeded the rest in size.* Their height and breadth were about
20" ; but
the number of small prominences was, during one
short moment, so great, that almost the whole of the Moon's disc
seemed as if surrounded by light red flames. All were closely
connected with the disc, and broadest at the base, where they were
apparently joined to it.
" To speak now of the corona ; its extent was considerably
longer in the direction of the Sun's equator, and, in considering
its nature, we must, I believe, look upon it as decidedly unconnected with him.
Whereas, in the direction of the poles, its
apparent height exceeded that of the Moon by only a third of her
diameter ; in the direction at right angles to this, its extent
amounted to four-fifths of that diameter. Its light was white,
brighter on the Moon's limb, and becoming 'gradually fainter on
the other side. This white light was not in the least radiated itself,
but it had the appearance of rays penetrating through it, or rather,
as if rays ran over it, especially in the direction of east and
west, forming symmetrical pencils diverging outwards, and passing
far beyond the boundary of the white light.
These rays had a
more bluish appearance, and might best be compared to those
produced by a great electro-magnetic carbonic light.
Their
similarity with these was indeed so striking, that, under other circumstances, I should have taken them for such, shining at a great
distance. The view of the corona here described is that seen with
the naked eye ; I employed but a very short time upon it, only as
much, in fact, as was necessary to obtain a mere momentary view of
the general appearance of the totality. I would now, in conclusion,
just mention another phenomenon, which seemed to me too important to withhold attention from ; it showed itself exactly at the
north point of the Sun. In the white light of the corona, closely
upon the Moon's limb, there appeared several dark curves ; they
were symmetrically arched towards the east and west, sharply
drawn, and resembling, in tint, lines drawn with a lead pencil upon
white paper.
They gave the impression as if they proceeded
from one point, which point was on the other side of the Moon, not,
however, on the limb, but somewhat nearer the centre of the Sun.
Beginning at the distance of 1', they could be traced up to about
9' from the Moon's limb.
Throughout the duration of the eclipse,
* Herr Grosch gives the position of these in a drawing which accompanies bis paper.
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they underwent no alteration whatever, remaining constant both in
form and colour until the disappearance of the corona. Lieutenant
Vidal (agreeing with Signor Vergara), speaks of a similar appearance, exactly at the south point, in the form of a fan, or sheafformed tuft of light ; but he says nothing of characteristic dark
curves, such as I saw at the north point. There is, however, no
cause to doubt the accuracy of the data, as these dark curves indicate a strong magnetic polar force of the Sun, so that an appearance
of the kind in question might be seen at the south, as well as at
the north point ; but, perhaps, being less developed at the former
than at the latter, it was less easily peceptible."
BORNEO OBSERVATIONS OF THE ECLIPSE OF AUGUST, 1868.—Before
we take final leave of the memorable total eclipse of August, last
year, we have thought it desirable to transfer to our pages the
account of the appearances of the prominences, as observed at the
most eastern point of observation, by his Excellency J. Pope Hennessy, the Governor of Labuan. The observations were made at
Barram Point, in the island of Borneo ; and we extract Hennessy's
description of the protuberances, which suddenly came into view on
the disappearance of " Baily's beads." He says :*—
" The first was about one-sixth of the sun's diameter in length,
and about one twenty-fourth part of that diameter in breadth. It
all appeared at the same instant, as if a veil had suddenly melted
away from before it.
" It seemed to be a tower of rose-coloured clouds. The colour
was most beautiful—more beautiful than any rose-colour I ever saw ;
indeed, I know of no natural object or colour to which it can be,
with justice, compared. Though one has to describe it as rosecoloured, yet, in truth, it was very different from any colour or tint
I ever saw before.
" This protuberance extended from the right of the upper limb,
and was visible for six minutes.
" In five seconds after this was visible, a. much broader and
shorter protuberance appeared at the left side of the upper limb.
This seemed to be composed of two united together. In colour and
aspect it exactly resembled the long one.
" This second protuberance gradually sank down as the Sun
continued to fall behind the Moon, and in three minutes it had disappeared altogether.
" A few seconds after it had sunk down, there appeared at the
lower corresponding limb (the right inferior corner) a similar pro* " Proceedings of the Royal Society," vol. xvii., No. 105, p. 85.
VOL. III.—NO. II.
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tuberance, which grew out as the eclipse proceeded. This also
seemed to be a double protuberance, and in size and shape very
much resembled the second one ; that is, its breadth very much
exceeded its height.
"In colour, however, this differed from either of the former
ones. Its left edge was a bright blue, like a brilliant sapphire with
light thrown upon it; next to that was the so-called rose-colour,
and, at thejright corner, a sparkling ruby tint.
" This beautiful protuberance advanced at the same rate that
the Sun had moved all along, when suddenly it seemed to spread
towards the left, until it ran round one-fourth of the circle, making
a long ridge of the rose-coloured masses. As this happened, the
blue shade disappeared.
" In about twelve seconds the whole of this ridge vanished, and
gave place to a rough edge of brilliant white light, and, in another
second, the Sun had burst forth again.
" In the meantime, the long, rose-coloured protuberance on the
upper right "limb had remained visible ; and though it seemed to
be sinking into the Moon, it did not disappear altogether until the
lower ridge had been formed, and had been visible for two seconds.
"This long protuberance was quite visible to the naked eye,
but its colour could not be detected, except through the telescope.
To the naked eye it simply appeared as a little tower of white light
standing on the dark edge of the Moon.
" The lower protuberance appeared to the naked eye to be a
notch of light in the dark edge of the Moon—not a protuberance,
but an indentation.
" In shape the long protuberance resembled a goat's horn."
We can scarcely doubt that the total eclipse, which will be
visible in the United States of America in August of the present
year, will also yield some interesting results. On some future
occasion we may recur to the subject of the progress of discovery
in solar physics, which has lately been so especially one in which
new and valuable knowledge has been acquired.
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WOMANKIND:
IN ALL AGES OF WESTERN EUROPE.
BY THOMAS WRIGHT,

F.S.A.

CHAPTER XI.
WOMANKIND IN THE FEUDAL CASTLE {Continued.)—HUNTING- AND
HAWKING.
IT is a curious fact, that the writer of the " Mcnagier de Paris," so
often quoted in these chapters, which consists of a code of instructions
for his wife in the regulation and management of herself and her
household, places hawking as one of the accomplishments of the
lady, and under her especial direction, and gives her a rather long
treatise on the subject; and that the earliest treatise on hunting
and hawking, written in the English language, was the work of a
fair lady of knightly family, who was, moreover, the superior of a
monastic house. This was dame Juliana Berners, prioress of the
nunnery of S ope well, near St. Alban's, and supposed to have been the
daughter of King Richard the Second's favourite, Sir James Berners,
and to have lived during the first half of the fifteenth century.
However, we have other reasons for knowing that, both in France
and in England, the feudal ladies were passionately fond of the chace.
A great and learned ecclesiastic of the twelfth century, John of
Salisbury, who condemns the practice of hunting as one of the most
oppressive manifestations of feudal tyranny, bears witness to the
eagerness with which the ladies of his time followed the sport of
hawking ; and, to come to a later period, it was at a grand hunting
party, given by King Louis XII. to the Archduke Maximilian, that
the wife of the latter, Marie of Burgundy, was thrown from her
horse, and killed. Catherine de |Medicis was a great huntress of
the stag, and a little poem in French, belonging to the early ages of
printing, entitled, "The Women's Wishes" (Les Souhaitz des
Femmes), makes the knight's lady wish for the green woods, with
her hounds in leash, to hunt the stag, and that her husband might
be bold in courage.

Et moy, qui suis chevaleresse,
Je souhaitte au vert boscage
Au cerf chasser limiers en lesse,
A mon mary hardy courage.

The coarse caricaturist of feudal society in its last stage
decadence, François Rabelais, describing the freedom of manners
the people of his model convent of Theleme, says, " If any one
them said, f Let us go to the sports in the field,' they all went.

of
of
of
If
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it were to hawk or to hunt, the ladies, mounted on fair hackneys,
with their richly-caparisoned palfrey, carried each on her fist,
genteely gloved, either a hawk, or a laneret, or a merlin."*
Hunting was, indeed, one of the great safety-valves of feudalism,
and one which had been received from a period far more remote.
It was the active occupation of the old primeval chieftain when not
engaged in war, and it similarly relieved the male inhabitants of the
castle from that tedious inactivity which they felt as the greatest of
curses. In other words, it kept them from worse mischief. One of
the cynegetical writers of the middle ages, Gaston Phœbus, speaks
rather boastingly of hunting in a moral point of view. By hunting,
he says, you avoid "the sin of idleness"—(le péché d'oyseuse)—
" and," he says, " since he who flies the seven mortal sins, according
to our faith, is to be saved, therefore every good hunter will be
saved"—(Car gui fiiyt les sept péchiez mortels, selon nostre foy, il
devrait estre sauvé; donc bon veneur sera sauvé). I do not make
myself responsible for the truth of the reasoning, although it is put
very logically.
But, like everything "else under the feudal system, hunting was
now placed under exact rules and forms, which had not been defined
before, and these were soon committed to writing, for the instruction
and use of the feudal household ; for skill in hunting and falconry
had become one of the great accomplishments of a gentleman, and
among the finest features of a noble character stood prominent the
love of hounds and hawks. At first, these treatises were short, and
composed in verse, for the purpose, no doubt, of committing them
to memory. The oldest known treatise of this description, which is
in French verse, and belongs to the close of the thirteenth century,
is entitled the "Diet de la chace don cerf" (the ditty of staghunting). In the century following, these treatises became more
elaborate, and some of them became very celebrated and popular.
Among the first comes the work of an anonymous writer, the
"Book of King Modus" (Livre du roy Modus), compiled in 1328.
G aces de la Vigne wrote a French treatise on hunting in 1359 ;
Gaston Phœbus, already mentioned, in 1387; and Hardouin, lord of
Fontaine-Guérin, in 1394. All these were very aristocratic authors.
These French books wero accepted as authorities on the subject in
England, but some of our Englishmen became, in course of time,
ambitious of furnishing us with treatises of our own, though these,
* Si disc-it, allons â l'esbat és champs, tous y alloient. Si e'estoit pour voiler ou
chasser, les dames montées sus belles hacquenées avecques leurs palefroy gourrier, sus le
poing mignonnement enguanteló portoient chascune ou un esparvier, ou un laneret, ou
un esmerillon.—Rabelais, Gargantua, liv. i-, c. 57.
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also, were at first written in French. The earliest bears the name
of Twety, who is said to have been chief huntsman to King Edward
II., though his book appears to have been compiled from the
works just quoted. It was written originally in French, but there
is an English translation of it, preserved in manuscripts of the
fifteenth century. Then comes a treatise on hunting, called the
" Master of the Game," which is dedicated to the Prince of Wales,
afterwards Henry V., and is said to have been compiled by that
Edward, Duke of York, who was slain at Azincour. Lastly comes
the treatise of dame Juliana Berners, already spoken of, which was
the first book on the subject printed in the English language.
With the feudal sentiments attached to it, hunting received
several technical and more or less ceremonious names. The most
comprehensive was that of chace, or chasse, in mediæval Latin, chacea,
oveacea, signifying an extent of territory abandoned to wild beasts ;
but the derivation of the word appears to be unknown. There
was, however, an older and a more dignified -word, formed from the
purer Latin venatura (hunting), which had, probably, been the
name in use in Gaul ever since the Roman times, and which
in French, was moulded into vénerie. This became what we may,
perhaps, call the higher title of the science, and was the more
fashionable one for books on the subject : that of Twety was
entitled, Le Art de Vénerie. La chasse was the more comprehensive
name in use in Norman England, as in France, and embraced
animals which were not objects of the chace acknowledged under
the title of venatura. We Englishmen have preserved, through
all changes, our own Anglo-Saxon word, huntung (hunting).
Vénerie, therefore, which was considered in feudal times as the
noblest division of the art, included only the animals which were
acknowledged in the earlier mediæval venatura, and which were
those hunted in primitive times. There were only four beasts of
vénerie ; the hare, the hart, the wolf, and the boar, which are
thus enumerated in verse in the English translation of Twety.
To venery y caste me fyrst to go,
Of wheche iiij. bestis be, that is to say
The hare, the herte, the wulfhe, the wylde boor also ;
Of venery for sothe ther be no moe.

There were five other beasts " of chace ;" the buck, the doe, the
fox, the martin, and the roe ; and some others, of léss account,
which might be included within the province of the hunter.
These animals, of course, were hunted with hounds, of which
there were several kinds employed in the Middle Ages. Among
them, one of the best known, was the rache, or scenting-hound,
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which, appears to have been a strong dog, and which was used
especially in hunting the stag.
It was, no doubt, our modern
hound. The greyhound was, as now, the dog used for hunting the
hare, and it was the favourite of the ladies. In an early English
manuscript of poetry in the Cambridge University Library (Ff. v.
48, sol. 119), we are told of a lady riding forth on her palfrey
attended by both these kinds of dogs, greyhounds and raches :—
She was as feyre and as gode,
And a9 riche on hir palfray ;
Hir greyhoundis sillid with the dere (deer's) blode,
Hir rachis coupuld, be my fay (lymyfaiih).

Here the greyhounds were, evidently, employed in the chace of
the deer, as well as the raches. Another dog, the spaniel, was used
in hawking, and, of course, was a ladies' dog. One of the early
English treatises on the chace, tells us that, " hys crafte is for the
perdrich (partridge) and the quail; and, when taught to couche (set),
he is very serviceable to the fowlers who take those birds with nets."
The spaniel was also used for hunting the hare. Tho author of the
" Ménagier de Paris " gives his wife especial instructions for selecting
and teaching their spaniels according as they were intended for
coursing the hare, or for hawking.
It is probable that the lady of the castle, however spirited and
courageous she may have been, did not] go personally to hunt the
wild boar or wolf. But we have already seen that the feudal ladies
did hunt the stag, and we can produce pictorial evidence of the

HTJNTIXG THE STAG.

manner in which they entered into the sport. The illuminator of a
manuscript in the British Museum (MS. Reg. 2 B VIL), well known
to antiquaries by the name of Queen Mary's Psalter, took a fancy
to adorn the foot-margins of his pages of vellum with subjects
chosen from the field-sports of the day, as well as with others of a
kindred character. The manuscript and its illuminations belong to
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the beginning of the fourteenth century, perhaps, to the reign of
Edward II. One of these, which is copied in our cut, represents a
lady and her damoiselle engaged in the chace of the stag. The lady is
mounted astride on her palfrey, and is blowing the mote with her
horn like a true huntswoman. Her rache, probably, is attacking
the animal courageously ; but the skill of the damoiselle, with her
unerring arrow, has most effectually decided his fate. The use of
the horn was sufficiently elaborate, and required skill and experience
on the part of the blower, whether gentleman or lady. It formed
a sort of instrument of communication, not only among the hunters
themselves, but between them and their dogs, and the language in
which it was used, like almost everything feudal, was French.
Twety is very particular in his instructions on this point. When
the hunter has got sight of the hart, he is taught to " bio we after
one mote, ij. motes, and if myn howndes come not hastily (immediately) to me as y wolde, I shalle blowe iiij. motes, and for to haste
hem to me, and for to warne the gentelys that the hert is sene,
than shalle I rechace on mynhowndis iij. tym.es, and whan he is ferre
fro me, than shalle y chase him in this manner, Trout, trout, tro ro rot,
trout, trout, tro ro rot, trou ro rot, trou ro rot;" . . . because
■ ' that the hert is sene, and y wot (know) nevere whedir that myn
houndys be become fro myn meyné (company)."
Other combinations of motes are ordered for different incidents of the chace.
And so with the hare, 11 if ye hounte at the hare, ye shalle sey, atte
uncouplyng, Hors de couple, avaunt; and after iij.tymes, Sohow, solww,
sohow ! and ye shalle seye, Sa, sa, cy, avaunt, sohow. And if ye se
that your houndes have good wyl to renne, and be seer (far) from
you, ye shalle sey thus, How amy, how amy, swef, mon amy,
shefe. And if eny fynde of hym where he hath ben, as Rycher or
Bemond, ye shalle seye, Oiez à Bemond le vaillaunt, que guide
trovere le coward, ou le court cow !" i.e., " Hark to Bemond the
valiant, who believes he has found the coward with the short tail."
Richer and Bemond, it must be understood, were names of dogs,
and coward was a popular name for the hare.
The ladies of the castle, undoubtedly, took an active part in the
hunting of the hare ; but their exploits in coursing are not
frequently alluded to, and I have not seen any mediæval drawing
representing it. Another animal, however, which might almost be
classed with it, seems to have been an object of great amusement
to the ladies of the castle ; at least this may be presumed from its
not unfrequent appearance among the sports in the margins of
Queen Mary's Psalter mentioned above. This was the rabbit which
was called in French, a connil, and in English, a coney, from the
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Latin word, cuniculus. In one of the illuminations alluded to,
which is given in our next cut, two ladies are seen in the warren
hunting the rabbit. The first, and, perhaps, we may say the principal lady, is armed with a bow, and what was called a bolt (in
French, a boujon), an arrow with a large head, for striking birds and
small animals, which seems to have been the peculiar weapon of the
fair sex. The " Ménagier de Paris " recommends this weapon to the
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of it as common among the Romans in Italy ; and we can have no
doubt of its being general in the Middle Ages. Ducange quotes
a record of Dauphine which furnishes us with the sum at which,
at one time, at least, they were valued, for it states that for four
ferrets for catching rabbits was paid the sum of twenty deniers
(pro. iv.furetis ad capiendum cuniculos xx. den. qr.). An act of the
thirteenth year of the reign of Richard II., prohibits any priest or
other clerk, not possessed of a benefice to the yearly amount of ten
pounds, among other things, from employing ferrets to take rabbits,
under a penalty of one year's imprisonment ; and it appears from
Branthome's account of the transactions of François I. with the
Pope, that the Italian clergy at that time were fond of hunting
rabbits with ferrets.
Our next cut, taken from Queen Mary's

THE CHACE OE THE BABBIT.

ladies for shooting at blackbirds, thrushes, jays, and woodcocks,
when they sought shelter from the hawk in a bush. The other lady
is armed with a simpler weapon, apparently, a mere club, with
which she seeks to knock the rabbits on the head. The latter
appear to be under no great fear of their assailants. The feudal
ladies seem to have been well-practised in the use of the bow.
Another cut, which we here give from the same manuscript, was
evidently drawn with a satirical aim. The lady has taken her
little pet dog to the chace, and has started the game without difficulty ; but she finds it much less easy to encourage her animal to
the attack, while the rabbits, which look more formidable by their
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magnitude, appear to be rather amused than otherwise with his
comical figure and costume.
There was another way of taking rabbits, which appears to have
been a favourite among the ladies, that of drawing them out of their
burrows with ferrets. The use of the ferret for this purpose is
certainly of great antiquity, for Pliny (Hist. N., lib. viii., c. 81) speaks
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Psalter, will leave no doubt of the use which the English ladies
made of the ferret in the time of Edward II.
The ladies were, no doubt, fond of their dogs ; but they were
no less attached to their hawks or falcons. In the book of " Le Roy
Modus," two ladies are introduced disputing, in verse, on the superiority of the pastime of dogs or of birds, and they decide in favour of
the latter. A great English theologian of the twelfth century, John of
Salisbury, as already cited, has left us a very ungallant reflection on
the love of the ladies for hawking. He alleges, as a proof of the frivolous character of this pastime, that the " less worthy " sex was the
most skilful of the two in bird-hawking, which, he says, we might
make an accusation against nature herself, that '' the less worthy are
always the more prone to rapine." What he adds further gives us
rather a curious glimpse of social life at that period. " Although
many exercise hunting that, under pretext of it, they may be more
sparing in their expenditure, be more rarely at home, more
frequently guests' at the table of others, and avoid a multitude of
visitors ; while they wander about the woods, wilds, and lakes, clad
in meaner clothes, and satisfied with more frugal fare ; while they
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console with the show of pleasure, or rather, of vanity, their companions and followers, whom the hunger of fasting emaciates, and
the torments of nakedness afflict, and whom excessive labour
exhausts."* Thus the feudal chieftain sought, in the chase, a means
of escaping for a time the profusion and display of the castle.
That falconry was considered in the Middle Ages as especially
the province of the ladies of the household is evident, from the
circumstance, that the author of the " Ménagier de Paris " makes it
an important part of his domestic instructions to his wife. Hawking
was a sport of great antiquity in "Western Europe, and appears to
havo come to us from our Northern and Teutonic ancestors.
It was in high repute among the Anglo-Saxons, and the name
of the bird not uncommonly entered into the composition of
proper names. It was eagerly adopted into feudal society, and
became, as already stated, a favourite occupation of the ladies. The
hawk became more especially the personal companion of its master
or mistress, as much of its utility depended upon its familiarity,
and hence, he or she had to attend personally to its breeding or
feeding. The author of the "Ménagier de Paris" is especially
minute in his directions to his lady on the treatment of the hawks
in their domesticity. It was of the utmost importance that the hawk
should remain constant to the fist till directed to fly at its prey, and be
always ready to return when called. The lady of the " Ménagier de
Paris" is told that, while her hawk is still in its infancy, she must
" continue to hold it often on the fist, and among people, as much
and as long as you can." And further on in these instructions,
the husband goes on, "But at this point in the breeding of the
hawk, it is well, more than before, to hold it on the fist, and carry it
into the courts of law, and among people in the churches and other
assemblies, and in the streets, and hold it, day and night, as continually as one can." Another early French writer on hunting and hawking, Graces de la Vigne, recommends people to carry the falcon on the
fist wherever people were assembled, in church, or elsewhere :—
Là où les gens sont amassés,
Soit en l'égliso ou autre part.
* Quod, vel ex eo mecum conjieies quod deterior sexu3 in avium venatione potior est.
In quo poteras naturam arguere, nisi nosses quia détériora semper proniora sunt ad
rapinam. Inanis etenim est et admodum laboriosa, et quœ damna sumptuum nunquam
successuum utilitate compenset. Licet plurimi venationem exerceant ut sub eo prætextu
sumptus faciant parciores, domi rarius, sœpius in mensa aliéna, multitudinem vitant,
dum silvas, saltus, lacusque circumeunt ; pannis induti vilioribus, frugalioribus contenti
cibis ; dum consortes et famulos quos macérât jejuniorum inedia et tormenta nuditatis
afïliguut, quosquo labor immoderatus exhaurit, Toluptatis aut potius vauitatis imagine
consoleutur—Jóhan. Saresb. Folicraticus, lib. i., c. 4.
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As hunting and hawking were not permitted, except among the
aristocratic class, it became a distinctive mark of a gentleman or
lady to carry a hawk on the fist, whether riding or walking, and
they are thus constantly represented in the pictures and illuminations. So far was it from being considered at all blâmable to enter the
churches in this way, that the ecclesiastics and monks of rank and
position adopted the fashion themselves, and appeared in their places
in the sacred edifice with the hawk
on the fist. It is true that this
practice was condemned by the
stricter part of the clergy, but it
was persisted in, in spite even of
the canons of the church. Several
figures of women as well as men
with the hawk on the fist will be
seen in the illustrations to our
previous chapters. The accompanying cut, taken from the illuminations of a manuscript in the British Museum (MS. Reg. 10, E. IV),
of the fourteenth century represents a lady tending her hawks on
the perche ; she wears the large thick gloves, which protected the
hand when the bird was seated on it.
In reading over these early books on falconry—the " Ménagier
de Paris," for example—we cannot but be astonished at the elaborate manner in which the birds were bred, and.the rich and delicate
meats with which they were fed. Every part of the treatment of
the hawk was conducted with the utmost ceremony, and, when in
use, it carried small bells on its legs, which were made of silver, as
finely toned as possible, and two straps of leather, called jesses,
attached to them, by which they were held down to the hand. It
wore also a little cap, or hood, by which it was hood-winked when
not flying at the game, and which was taken off when the game was
started. Different species of the hawk were allotted to persons of
the different grades and ranks of society. Thus, we are told that
the eagle and the vulture belonged to the emperor, from which we
must, no doubt, understand that the emperor was not expected to
go often a hawking; or, perhaps, he descended a step from his
rank, and used the gerfalcon, which was allotted to the king. A
merlin was the ladies' hawk ; and the hobby that for a young man.
The accompanying cut, also taken from Queen Mary's Psalter,
represents a party of ladies hawking on foot. One of them holds
the bird hooded on her fist, to which it is attached by the jesses,
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which were knotted between the fingers. The other has let her
hawk go, and it has struck a heron. They are accompanied by a
leash of dogs, which we may suppose to have been intended for
spaniels.

The ladies did not always hawk on foot ; and a picture in the
manuscript, known as Queen Mary's Psalter, which we copy here,
gives an interesting group of a party on horseback, consisting of two
ladies following the sport, attended by a gentleman. Their game is
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The dogs were very commonly dispensed with when hawking on
the river, which was the favourite scene of this diversion, especially
with the ladies, and the favourite game with them was the heron.
This was so much tho case, that the common phrase for going a
hawking was, "going to the river" (aller en riviere). A political
poem, entitled, "TheVows of the Heron," printed in my "Political
Poems and Songs," describes the season for this sport as being "in
the month of September, when summer is in the decline, when the
gay small birds have lost their note, and the vines dry up, and the
grapes are ripe, and the trees shed their leaves, and the roads
become covered with them ":—
Ens el mois de Setembre, qu'estes va à déclin,
Que cil oisillon gay ont perdu lou latin,
Et si sakent les vignes, et meurent li rosin,
Et despoillent li arbre, et coeuvrent li chemin.

Then Robert of Artois, who was an exile at King Edward's
court in London (it was the year 1338), was seized with the desire
of going to the chace, because he called to mind the very noble
country of France the lauded, from which he was banished. That
day he went hawking (à la voler—the common phrase for hawking
was "flying," i. e., flying the hawk), over fields and over heaths, he
carries a little falcon which he had bred, they call it a muskadin
falcon in that country; he went hawking along the river until he
has caught a heron.
Che jour ala voler par camps et par larris,
Un petit faucon porte, qui de lui su nourris,
Un faucon muskadin l'apellent ou pais ;
Tant vola par rivière qu'il a un heron prins.

LADIES HAWKING.

here water-fowls, and it was still en rivière. As it will be seen,
instead of dogs to rouse the game, they have here a man, or a lad,
who is employed to frighten them. It may be remarked, that, in
the early Anglo-Saxon manuscripts, wherever a hawking scene is
introduced, it is always laid on the bank of a river.
It will be seen in this cut, as well as in a former cut in the
present chapter, that, as I said before, the ladies, when they rode on
hunting, sat upon the horse astride. In another manuscript in the
British Museum (MS. Reg., 20 D. I), written in the fourteenth
century, apparently towards the south of France, the ladies appear
all riding astride in men's saddles.*
There were other methods of rousing the water-fowl, one of .
which was by the beating of a tabor. An English chronicler of the
* It may be well here to point out a rather important EBBATFM in tho last chapter
of WOMANKIND (The STUDENT, No. XIII., p. 20), where the picture of the Duchess of
Burgundy entering Paris has been accidentally reversed in the engraving, so that the
ladies appear seated on a different side of the horse from the original, whero they are, as
in every other bonafide example of mediæval female equestrianism I have seen, seated on
the right side, with their left hand to the horse's head.
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twelfth century, Radulphus de Diceto, tells an anecdote of a youth
belonging to the household of the Bishop of London, who went
hawking along the river for teal, and rose one " by the sound of
that instrument, which is'called by those who hawk on the banks of
the rivers a tabor" (jnxta sonitum illius instrumenti quod a ripatoribus
vocatur tabur). This use of the tabor was so common, and lasted

HEATING THE RIVER.

during so long a period, that we see a picture of men hawking
with the tabor among the misereres, or carved seats, in the cathedral
of Gloucester, which are of the fifteenth century; and ladies
hawking with the tabor are introduced among the illuminations of
a manuscript in the fourteenth century, in the British Museum
(MS. Beg. 10 E. IV.), of which wo give the part representing the
damoiselle raising the game in the accompanying cut.
The hawking season began with the month of August, and
during the early part of that month appears to have been confined
to partridges—at least, so says the " Ménagier de Paris "—and the
time of the day recommended for the sport was from very early in
the morning to tierce, or nine o'clock. The feudal ladies were early
risers. In the month of July, we are told, the heat was too great.
The partridge was an especially favourite bird with tho ladies to
hawk. In the middle of August the quail came in, and the two
following months appear to have been the busiest of the year.
After the end of September, when partridges and quails began to
fail, the hawking became more general and indiscriminate, and the
ladies were allowed to " fly " at almost anything in the shape of a
bird, including fieldfares, thrushes, and even magpies and jays.
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THE RELATION OF HYDROGEN TO PALLADIUM.
MR. GRAHAM'S RESEARCHES.

"Intellectual Observer" for July, 1867, contained an account
of Mr. Graham's researches on the absorption and dialytic separation
of gases by colloid septa.
In continuation, Mr. Graham has solved many
of tho more difficult and intricate questions that
presented themselves during the conduct of the
earlier work.
It will be necessary briefly to recapitulate
the results already given. In all cases where it
was necessary to examine the passage of gas into
vacuum or to extract gas
from the metal that formed
the subject of experiment,
Mr. Graham availed himself of Dr. Sprengel's mercurial exhauster, a falling
stream of mercury from A
produced a perfect vacuum
in any receiver connected
with the lateral arm x,
the gas or air extracted
being delivered at R.
To select a typical experiment, it will be remembered that when a palladium tube is rendered
vacuous by the mercurial exhauster, and heated
in an atmosphere of coal gas, which is a complex mixture of gases, free hydrogen alone
passes through the metal ; this penetration of
gas was explained by the fact that palladium absorbs or fe occludes"
many hundred times its volume of hydrogen gas.
It will also be remembered that all metals, especially the colloid
ones, i.e. those possessing the crystalline character in the lesser
degree, appear to select each its own gas, silver occluding oxygen,
iron both carbonic oxide and hydrogen, gold nitrogen.
Tho fact that iron occluded hydrogen led to the examination or
meteoric iron, which experiment proved actually to contain hydrogen.
THE
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This fact possesses peculiar significance, and will be alluded to
further on.
In the old experiments the metallic palladium was charged with
hydrogen by simple heating, and slow cooling ÌD an atmosphere of
gas, it was, however, found that by placing the metal in a voltameter,
and connecting it with the zinc pole of a battery, and thereby evolving hydrogen on its surface, imparted both a higher charge, and
gave less capricious results than in the dry method of charging.
Thus merely to give the results of numerous experiments :—
Hammered palladium occluded
- 655'
volumes
Palladium by electro deposition from the
chloride, occluded ----- 982*14
,,
This latter experiment, representing by weight :—
Palladium
1*0020 grms = 99"277
Hydrogen
0-0073
„
=
-723
100-000
or an approximation to single equivalents PdH. Then with regard
to the penetration of palladium by hydrogen, Mr. Graham remarks :—" I am inclined to conclude that the passage of hydrogen
through a plate of metal is preceded by the condensation or occlusion of the gas, but the rapidity of penetration is not in proportion
to the volume of gas occluded ; otherwise palladium would be much
more permeable at a low than at a high temperature."
By actual experiment at the temperature about the melting point
of gold, hydrogen passed through a palladium tube one millimetre
in thickness, at the rate of 105;8 cubic centimetres in five minutes,
and as the external surface of the palladium was 0-0053 square
metre, the passage was at the rate of 3992-22 cubic centimes per
minute for a square metre. With the same tube, carbonic acid gas
penetrated with one-twenty-thousandth part of the rate of hydrogen.
And though experiment proved that the quantity of hydrogen
held by the metal at this high temperature was ,too small to be
appreciated, Mr. Graham nevertheless considers it to be present,
and to travel through the metal by a kind of rapid cementation,
indicating the extreme mobility of the hydrogen.
The first
attempts to arrest hydrogen in its passage through the red-hot
metal were made by transmitting hydrogen gas through a metal tube
of palladium with a vacuum outside, rapidly followed by a stream of
carbonic acid, in which the metal was allowed to cool. When the
metal was afterwards examined in the usual way, no hydrogen could
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be found in it. The short period of exposure to the carbonic acid
seems to have been sufficient to dissipate the gas. But on heating
palladium foil red-hot in a flame of hydrogen gas, and suddenly
cooling the metal in water, a small portion of hydrogen was found
locked up in the metal. A volume of metal amounting to 0'062 c.c.
gave 0'080 c.c. of hydrogen; or, the gas, measured cold, was 1*306
times the bulk of the metal. This measure of gas would amount to
three or four times the volume of the metal at a red heat. Platinum
treated in the same way appeared also to yield hydrogen, although
the quantity was too small to be much relied upon, amounting only
to 0-06 volume of the metal. The permeation of these metals by
hydrogen appears, therefore, to depend on absorption, and not to
require the assumption of anything like porosity in their structure.
In the former paper, Mr. Graham says :—" Whatever may be
thought of the physical condition of the hydrogen in the palladium,
it is certainly not present as a gas."
The second paper (communicated to the Royal Society, January
14th, 1869) details Mr. Graham's views, and, as will be seen,
developes results of great beauty. Chemists have long maintained
that hydrogen was merely the vapour of a highly volatile metal, we
may therefore be prepared to admit that "palladium with its occluded
hydrogen is simply an alloy of this volatile metal in which the
volatility of the one element is restrained by its union with the other,
and which owes its metallic aspect equally to both constituents."
As Mr. Graham proposes the name hydrogenium for this metal,
we must examine in detail the evidence by which he arrives at a result
of such extreme importance.
Obviously, the first point to ascertain is the density of the alloy.
Although the specific gravity of the palladium, when charged with
900 volumes of hydrogen, is perceptibly lowered, the change cannot
be measured in the ordinary way, by immersion in water, owing to
the fact, that contact with the liquid gives rise to a continuous
evolution of bubbles of hydrogen gas. Fortunately, however, the
palladium, when charged with hydrogen, is actually and permanently
expanded to a greater extent than if heated to redness, this expansion
may be easily measured, and the difference of density found by
calculation. The palladium (in the form of wire) was employed in
the following experiments, and the charge imparted in the usual
way, by evolving hydrogen on the surface of the water, in a galvanometer, containing dilute acid.
Then the wires were stretched by a moderate weight, and accurately measured before and after charging with hydrogen, extraVOL. in.—NO. IT.
,
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ordinary precaution being used to obtain accurate results, but which
space will not permit us to detail.
Thus, in experiment 1, on a wire drawn from welded palladium,
diameter 0'462 millimetre, and specific gravity 12*38; its normal
length was then carefully measured, and then exposed by the
negative electrode of a two-cell Bunsen battery, decomposing water
for one hour and a half, a longer exposure being unnecessary. Then
the wire was again measured, and the increase in length noted.
The wire was bent, and introduced into a glass tube connected with
the Sprengel's mercurial exhauster, and the wire distilled in vacuo.
The hydrogen collected was carefully measured, and, for the sake of
comparison, this and the following results were reduced by calculation
to a barometric pressure of 760 millimetres, and temperature of
0° 0. Thus the original length of the wire = 609-144 m.m.
(23*982 inches), and its weight 1-6832 grs. Distillation in vacuo
proved that the wire contained 936 times its volume, or 128 cc.
This charged wire measured 618*923 m.m., showing an increase in
length of 9*779 m.m. (0-385 inch), or a linear expansion of 1*605
per cent. Assuming the expansion to be equal in all directions,
this gives a cubic expansion from 100 to 104*908, therefore, supposing the two metals united, without any change of volume, the
alloy may be said to be composed of
BY VOLUME.

Palladium
Hydrogenium

100
or
4*908
104-908

95*32
4*68
100

The density of the wire is reduced by calculation from 12*3 to
11*79, and as (the original volume) 100 is to (expanded volume)
4*91, so the volume of the palladium, 0*135 cc, is to the volume of
the hydrogenium, 0*006714 cc, finally dividing the weight of the
hydrogenium (140*01147 grammes) by its volume in the alloy,
0*006714 cc, we find density of hydrogenium=l*708, or nearly the
specific gravity of magnesium.
Then Mr. Graham describes one of the most singular and almost
inexplicable facts developed by the research, after the expulsion of
the gas by distillation in vacuo, the wire does not return to its
normal length, but is actually contracted to about the same extent
(on the minus side of zero) as it had previously been expanded by
the presence of the hydrogen. Thus, the wire first measuring
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609*144 m.m., increased with hydrogen 9*77 m.m., was ultimately
reduced to 5*99*444 m.m., a contraction of 9-7 m.m.
That this retraction is in one direction only is proved by the
fact, that the specific is slightly lowered—from 12-38 to 12-12. The
result is the converse of the extension by wire-drawing.
It was found that the hydrogen might be expelled by simply
exposing it as the positive electrode of a battery, thereby evolving
oxygen on its surface, which united with the previously occluded
hydrogen.
By alternate exposure to each pile, a wire, having an initial
length of 609*14 m.m., was, after four days, actually retracted
24 millimetres.
An extremely beautiful experiment may be performed by simply
heating one end of an hydrogenised palladium wire to redness,
when the hydrogen burns along the wire, which is previously rubbed
with magnesia to render the flame luminous.
Without describing the experiments in detail, it may be sufficient
to give the general results :—
Volumes of
hydrogen occluded.

392
462
487
475
867
888
936

Linear expansion in
millimetres.
From
To

.
.
.
.

.
.
.
.

.
.

.
.

.
.
.
.
.
.
.

Density of
hydrogenium.

496*189 . . 498*552 . . . 2-055
493*040 . . 496*520 . . . 1-933
370*358 . . 373-126 . . . 1-927
305*538 . . 511-303 . . . 1-917
488*976 . . 495*656 . . . 1-898
556*185 . . 563*652 . . . 1-977
609*144 . . 618*923 . . . 1-708

The first and last experiments are probably exceptional, and it
may be assumed that the density of hydrogenium is as nearly as
possible twice that of water. The second portion of the investigation treats of the tensile strength of the palladium and hydrogenium
alloy. A new palladium wire similar to the previous ones was broken
in experiments made on two different portions of it, by a load of 10
and of 10-17 kilogrammes. Two other portions of the same wire
charged with hydrogen were broken by 8*18, and by 8*27 kilogrammes. Hence we have—
Tenacity of palladium
Tenacity of palladium and hydrogen ....

100*
81'29

The tenacity of the palladium is reduced by the presence of
hydrogen, but not to any great extent, and it cannot be too strongly
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urged that the decrease in tenacity would in all probability be much
greater if the second element were not metallic.
3rd. The electrical conductivity next formed the subject of
investigation. Compared with a wire of German silver, the following
results were obtained at 10*5° C :—
Pure copper ....
100
Palladium
8-10
Alloy of 80 copper and 20 nickel . . . .
6* 6 3
(German silver)
Palladium and hydrogen
5"99
Dr.Matthiessen's researches have proved that a reduced conducting
power is generally observed in alloys, and the charged palladium
wire falls 25 per cent., but certainly, as in the case of the tensile
strength, the diminution should be greater if the additional constituent were not metallic. The experiments were repeated in Dr.
Matthiessen's laboratory, and confirmed by him.
4th. The magnetic state of the alloy is given, and as the details
are important, we will consider them at some length. Faraday
states as the result of all his experiments, that palladium is " feebly
but truly magnetic," and this metal is placed among what are called
the paramagnetic metals. The feeble magnetism of palladium did
not extend to its salts. In repeating the experiments a horse-shoe
electro-magnet of soft iron, capable of supporting 60 kilogrammes
when excited by four large Bunsen cells ; the magnet was placed with
its piles directed upwards, and each supplemented by a block of soft
iron terminating in points. The palladium under examination was
suspended between these points in a stirrup of paper attached to
three fibres of cocoon silk. A filament of glass was attached to the
paper, and moved as an index on a graduated circle, the palladium
in the form of a fragment of electro-deposited metal, 8 millimetres
long and 3 millimetres in width, was allowed to take an equatorial
position, or with its ends averted from the points of the magnet.
The iron was charged by the battery, and a slight deflection of 10°
only was obtained, the magetism acting against the torsion of the
silk thread, the same fragment of palladium charged with 604*6
volumes of hydrogen was deflected by the electro-magnet through
48° when it set itself at rest. The hydrogen was then extracted by
heating the metal in vacuo, then on replacing it between the poles,
the magnet exerted no influence upon it.
Therefore it is evident that the addition of hydrogen adds manifestly to the magnetic condition of the palladium.
To have some term of comparison, the same little mass of
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palladium was steeped in a solution of sulphate of nickel, under specific gravity 1*048, and by the action of the magnet a deflection of 35°
was obtained, or less than that obtained with hydrogen (48°). The
same palladium was afterwards washed, and then impregnated with
a solution of protosulphate of iron, of which the metallic mass held
2*3 per cent, of its weight, the palladium gave a deflection of 50°,
or nearly the same as with hydrogen ; with a stronger solution of the
same salt, of specific gravity 1*17, the deflection was 90°, and the
palladium pointed axially.
These experiments were carefully repeated. Therefore from the
above results it follows that hydrogenium is magnetic, a property
which is confined to metals and their compounds. It may be urged
that Faraday and E. Becquerel have proved that hydrogen as a gas
is dia-magnetic, " but magnetism is so liable to extinction under the
influence of heat, that the magnetism of a metal may very possibly
disappear when it is vapourized, as appears with hydrogen in the
form of gas."
Therefore on these grounds Mr. Graham considers that hydrogenium may be classed with the strictly magnetic metals, iron,
nickel, cobalt, chromium, and manganese.
"The chemical properties of hydrogenium also distinguish it
from ordinary hydrogen. The palladium alloy precipitates mercury
and calomel from a solution of the chloride of mercury without
any disengagement of hydrogen ; that is, hydrogenium decomposes
chloride of mercury, while hydrogen does not. This explains why
M. Stanislas Meunier failed in discovering the occluded hydrogen of
meteoric iron, by dissolving the latter in a solution of chloride of
mercury; for the hydrogen would be consumed, like the iron itself,
in precipitating mercury. Hydrogen (associated with palladium)
unites with chlorine and iodine in the dark, reduces a persalt of iron
to the state of protosalt, converts red prussiate of potash into yellow
prussiate, and has considerable deoxidising powers. It appears to
be the active form of hydrogen, as ozone is of oxygen.
" The general conclusions which appear to flow from this inquiry
are—that in palladium fully charged with hydrogen, as in the portion
of palladium wire now submitted to the Royal Society, there exists
a compound of palladium and hydrogen in a proportion which may
approach to equal equivalents;* that both substances are solid,
metallic, and of a white aspect ; that the alloy contains about 20
volumes of palladium united with one volume of hydrogenium ; and
that the density of the latter is about two, a little higher than
* "Proceedings of the Koyal Society," lxviii., p. 425.
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magnesium, to which hydrogenium may be supposed to bear some
analogy ; that hydrogenium has a certain amount of tenacity, and
possesses the electrical conductivity of a metal ; and, finally, that
hydrogenium takes its place among magnetic metals. The latter
fact may have its bearing upon the appearance of hydrogenium in
meteoric iron, in association with certain other magnetic elements."
In conclusion, it may be of interest to mention another beautiful
experiment that may be performed at a moderate cost, notwithstanding the high price of palladium (£8 per ounce).
If two wires of the metal be placed side by side in acidulated
water, and connected with each pole of a battery, oxygen is freely
evolved from the positive pole, while the wire from which hydrogen
should be liberated is perfectly quiescent, owing to the absorption
by the metal ; when the surface is saturated there is a rapid
evolution of gas.
For lecture demonstration the following experiment will be
found the most striking :—Provide a wire of palladium not less than
three feet in length. Attach this to a lever of the third order, as
indicated by the diagram. Mark the normal position of\ the index,
B, a light straw, then remove the wire, and place it as the negative
electrode of a battery decomposing acidulated water for thirty-five
to forty minutes. Replace it in its former position, the wire havingexpanded, the index will fall, C. Then heat the wire with a spiritlamp, the hydrogen escapes, burning along the wire, at a short distance from the flame of the lamp, the index slowly rising past the
normal position, setting itself at rest at A an equal distance on the
other side of zero to that determined by the expansion.
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THE POLAR WORLD*
has shown himself a very clever compiler of popular
scientific works, and the present is perhaps the best he has produced. The " Polar World3i has always excited a charm over the
minds of maritime nations, and the lovers of adventure in strange countries. The varied forms of icebergs gleaming in the auroral coruscations of the long night of the Arctic regions, the temperature so low
that mercury solidifies, the huge wastes of trackless snow, the
warmer portions with open water, the homes of the walrus, the
white bear, the whale, the grampus, and the auks—these, together
with the vegetation, so different from that of temperate regions, all
contribute to a series of pictures, well represented in Dr. Hartwig's
pages, and on which young and old may dwell with curiosity and
delight.
DR. HARTWIG

It is not latitude alone that determines the arctic character of a
given region ; as the climate is affected by the relative dispositions
of land and sea, by the influence of the warm Gulf-stream currents,
and by the positions of mountain ranges and their heights. After
passing from the colder temperate lands to the polar zones, two
distinctly characteristic regions will be observed—that of "the
forest, and that of the treeless wastes. The latter, comprising the
islands within the Arctic circle, form a belt, more or less broad,
bounded by continental shores of the North Polar Seas, and gradually merging, towards the south, into the forest region, which
encircles them with a garland of evergreen Coniferæ."
When
trees cease, mosses and lichens form the chief vegetation, and " in
winter, when animal life has mostly retreated to the south, or sought
refuge in burrows and in caves, an awful silence, interrupted only
by the hooting of a snow owl or the yelping of a fox, reigns over
their vast expanse." With the spring and summer, numerous
flights of birds appear, and the coasts swarm with fish, gnats
abound in the swamps, and the scene is enlivened by flowering
plants.
The "treeless zone of Europe, Asia, and America occupies a
larger space than the whole of Europe. Even the African Sahara
and the Pampas of South America are inferior in extent to the
Siberian Tundri." Still larger are the forest regions, frequently
* " The Polar "World : a Popular Description of Man and Nature in the Arctic and
Antarctic Regions of the Globe." By Dr. G. Hartwig, author of " The Sea and its
Living Wonders ;" "The Harmonies of Nature;" "The Tropical World;" etc. With
eight Chromo-xylographie Plates, three Maps, and numerous Woodcuts. Longmans.
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monotonous from the prevalence of the Coniferæ, -but varied in
certain districts by birch and dwarf willows. The birch grows
farther north than the pines and firs can follow ; and the willow
makes its fight for life against adverse conditions, until it is reduced
to a little shrub. Many valuable timber trees belong to the milder
portions of the Arctic regions, and our plantations and gardens are
enriched by arctic species of pinus, abies, picea, etc.
The power of the human frame to accommodate itself to the
intense cold of the Polar circle is truly wonderful. Kane experienced a temperature so low, that chloric ether became solid, and
the mean of his best spirit thermometers registered —68° and
—100° below the freezing point of water. Not only natives, but
travellers, soon grow accustomed to the great cold. They get hungry,
consume great quantities of fat food, and maintain their animal heat
with surprisingly little suffering. Dr. Hartwig cites Kane's account
of Petersen, who lived for two years at Upernavik, and seldom
entered a room with a fire ; and of George Riley, who could sleep
comfortably on sledge journeys with no other cover than a walkingsuit, although the temperature was —30°. The average immunity
from disease, and general safety of Arctic expeditions, made the
conduct of our Government in doing so little for the rescue of
Franklin all the more blameable. A few months on an African or
West Indian station are far more perilous than a sojourn in Arctic
regions of much longer duration.
Dr. Hartwig has culled from Arctic voyagers many interesting
accounts of icebergs, ice floes, etc., and has adorned his book with
beautiful plates of these wonders of the Polar zone ; and it is necessary to familiarize the mind with their vast dimensions to enable us
to understand the important action which ice had in former ages in
forming and shaping many of the strata in our country, deposited
or modified, when our climate was much more severe. A single
stranded iceberg, roughly measured by Dr. Hayes, was estimated
to contain 27,000 millions of cubic feet, and to weigh 2,000 millions
of tons. Another stranded iceberg, seen by Ross, was 4,167 yards
long, 3,689 yards broad, and 51 feet high above the level of the sea.
This monster was estimated at 1,292,397,673 tons ! Many of these
monster icebergs come down to the sea from Polar rivers and
glaciers, bringing with them prodigious quantities of earthy matter.
Tindall Glacier has two miles of sea front, and Humboldt Glacier,
connecting Greenland with Washington Land, stands up 300 feet
above the sea, and extends for sixty miles from Cape Agassiz to
Cape Forbes.
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When exposed to warmer air or a warmer water current, icebergs
become very brittle, and "Scoresby relates the adventure of two
sailors who were attempting to fix an anchor to a berg. They began
to hew a hole in the ice, but scarcely had the first blow been struck
when suddenly the immense mass split from top to bottom and fell
asunder, and the two halves falling in contrary directions with a
prodigious crash."
In the " Polar World " will be found descriptions of the various
Arctic races, Laps, Samoyedes, Ostjaks, Jakuts, Tungusi, Esquimaux,
etc., compiled in a pleasant way from a great number of sources.
The Jakuts (of Siberia) are stated to be remarkable for their sharpness of sight, and a curious instance is mentioned of one of them
pointing to Jupiter, and telling Lieut. Anjou that " he had often
seen yonder blue star devour a smaller one, and then after a time
cast it out again." He must have seen the first and last stages of the
transit of a satellite, a feat which may have been performed in other
places, as astronomical works mention several cases of persons able
to see the larger satellites with the naked eye.
Arctic life requires ample digestive powers, and the heat necessary
for existence can only be maintained by a large consumption of what
Liebig terms the respiratory elements. In illustration of this, Dr.
Hartwig cites Captain Parry, who, as a matter of curiosity, once tried
how much an Esquimaux would eat. In twenty-four hours he consumed 41 lbs. of frozen sea-horse flesh, and the same quantity boiled,
together with one pound twelve ounces "bread and bread dust." To
these solids, weighing 10£ lbs., he added a pint and a quarter of rich
soup, three rim glasses of strong spirits, a tumbler of strong grog,
and one gallon and one pint of water, nor did he deem this supply
at all extraordinary in quantity.
After describing the chief expeditions to the northern Polar
regions, including the disastrous one of Sir John Franklin, and those
in search of him, Dr. Hartwig turns to the Southern Pole, with
which our acquaintance is very limited. Sir James Ross, surmounting the most awful perils, managed to reach lat. 78° 11 S.,and found
the way blocked by prodigious coast walls of ice. In 77° 5 S. he
saw Mount Erebus in magnificent eruption, and since his voyage no
one has ventured to explore the mysteries of the Antarctic Pole.
As a book of pleasant reading, beautifully illustrated, and handsomely printed, " The Polar World " deserves, and will command, a
high place.
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ADDITIONAL NOTES ON " CARCLAZE, AN OLD CORNISH
MINE."

PROGRESS OF INVENTION.

IN introducing the woodcuts, omitted from No. 12 of THE STUDENT,
representing the form in which the pure China-clay, or kaolinite, is
seen to occur when examined under the microscope, we may give a
few additional particulars of the history of the mine which was the
subject of our notice.

In a survey of the manor of Treverbyn (in which this mine is
situate) made in the 44th year of Queen Elizabeth, it is spoken of
as a " very good tynworke called Cardes," while in another survey
made during the same reign, it is called " Grikelase Tynworke."
Later on, in the time of the Commonwealth, we read of the
"Mannor of Treverbin Courtney, with ye rights, members, and
appurtenances scituate, lying, and being in ye County of Cornwall,
pte of ye annexed Duchy there, and pcell of y° possessions of Charles
Stewart, late Duke of Cornewall, but now settled on trusts for the
use of ye comon-wealth." Further on, mention is made of Carclaze
as a good, " Tinne Worke knowne by y° name of Crucke-glasse."
In our former notice of this mine we alluded to the existence of
adits or tunnels in the side of the excavation. When Carclaze was
worked wholly for tin, the ore was conveyed through one of these
tunnels more than half a mile in length to the mills below to be
stamped. Flat-bottomed boats were sent by this subterranean canal
laden with the rough ore. The present lessees, in opening up this
old adit or tunnel, which had in some places fallen in, came upon
several of the boats formerly used for the carriage of the tin ore.
We may add that from four to five thousand tons of China-clay,
worth about £1 per ton, are now annually obtained from this pit, and
from a material that was once washed away as rubbish.
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INDIA-RUBBER TUBING.—Ordinary vulcanized india-rubber tubing becomes saturated with gas, which again evaporates at its outer surface,
causing a most disagreeable smell. An invention for the prevention of
this, by coating the india-rubber tubing with a varnish, has been patented.
The chief novelty in it is that the varnish is easily made, and it renders
the substance of the tube impervious to gases. This varnish is composed
of linseed oil, fine litharge, or white lead, in the proportion of one quart
of oil to one pound of litharge. These substances should be well boiled
together until brought to a proper thickness or body, and while hot the
composition is applied by running it through the tube to be coated or
lined. The varnish for the outside is made by mixing one quart of
linseed oil with half a pound of litharge, and by adding to the same about
a gill of gold size, these ingredients should be well boiled together, and
while hot should be applied with a brush or a sponge.
INDIA-RUBBER SOLES FOR BOOTS AND SHOES.—Mr. F. J. Mayall, the inventor of the process just described, has also patented a method of
making india-rubber soles for boots, etc. , He applies to a linen cloth
india-rubber dissolved in naphtha, camphine, or other suitable solvent.
With ^this india-rubber solution he mixes whiting, sulphur, litharge, or
white lead, calcined magnesia, lampblack, and clay, in the following proportions .—Four pounds of rubber, two pounds of whiting, one pound of
sulphur, one pound of litharge, one half-pound of magnesia, one halfpound of lampblack, and two pounds of clay. When sufficient of this
compound has been applied to the cloth, it is passed between rollers, the
sm-face being sprinkled with French chalk to prevent adhesion. Patterns
can be imprinted in this manner by the use of an impression cloth, or
the surface can be simply roughened. The sheet should be exposed for
three hours and a half to a temperature of 60" Fah. The impression cloth
is then removed from the surface of the india-rubber. The cloth on
which the india-rubber was first spread can be removed, by moistening
it with warm water, naphtha, or camphine. The sheet of prepared rubber
can be then cut into any desired forms.
REDUCING ALUMINUM PROM ITS ORES.—Mr. A. L. Fleury, of Boston,
U.S., has patented the following method of extracting aluminum. He
mixes pure alumina with gas-tar, resin, petroleum, or somo such substance, making it into a stiff paste, which is divided into pellets ; and
these pellets or balls are dried in a drying oven, then placed in a strongtube or retort, which is lined with a coating of plumbago. They are
then exposed to a cherry-red heat. The retort must be sufficiently strong
to stand a pressure of from 25 to 30 pounds on the square inch, and be
so arranged that, by means of a safety-valve or tube, the necessary amount
of hydro-carbon gas can be introduced into the retort among the heated
mixture, and the pressure of from 20 to 30 pounds on the inch be main-
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tained. Hydro-carbon gas is generated and pumped into the retort, and
as it is consumed the supply is maintained. By this process the alumina
is reduced, and the metal aluminium remains as a spongy mass, mixed
with carbon. This mixture is then remelted with metallic zinc, and
when the aluminum has collected in tbe'metallic state, the zinc is driven
off by heat. The reduction is due to the action of the hydro-carbon
under pressure. The time for reducing one hundred pounds of alumina
earth, cryolite, or other compound of alumina should not be more than
four hours ; and when hydro-carbon gas can be obtained in a heated and
compressed state, the reduction takes place in a still shorter period.
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fectly smooth. On Rutherford's photogram the W. parts of the plain is
furrowed by a valley which can be traced opening on. the floor of Hipparchus.
At the present moment I have only access to the photograms I mentioned. Later moon pictures for further comparison are very desirable.
I am, my dear Sir, yours very truly,
W. R. BIRT.
Cynthia Villa, Walthamstow,
January 29th, 1869.

THE LATE TRANSIT OF MERCURY.
CORRESPONDENCE.

To the Editor of the Student.

VARIATION IN LUNAR PHOTOGRAPHY.

SIR,—In Mr. Lynn's notes of the late Transit of Mercury, which
appeared in the January number of THE STUDENT, he mentions the apparent distortion of the planet shortly before passing off the solar limb.
No particulars of this occurrence having been given, I venture to send a
few notes of my observations, both of this phenomenon and of others
which appear to have escaped notice by your able correspondent.
Just previous to the contact of the planet with the solar edge, I
thought I saw on the side of the planet farthest from the sun's limb a
circular slip appear detached from the body of the planet, except at the
S. (real) pole, where it was connected. It lasted but a few seconds, and
then tho planet resumed its original figure.
Immediately after the above appearance (?) Mercury presented on the
same side a flattened aspect ; and soon after the same flattened appearance was noticed on the side next the solar limb, so that the planet
seemed to have for a short time a square protuberance on each side. The
so-called protuberance nearest the solar limb then suddenly narrowed
and lengthened, and assumed for an instant a ligature-like appearance,
connecting the planet with the solar edge, much the same as the diagram
shown in illustration of Mr. Lynn's paper. Immediately after, the planet
moved on to the solar edge, and was seen for some seconds as a
triangular notch on the sun's edge.
This phenomenon soon became unsteady, then jagged, and finally
passed off the solar disc.

To the Editor of the Student.
MY DEAR SIR,—I have just met with a somewhat remarkable instance
of variation between the photograms of De la Rue, 1858, Feb. 22, and
of Rutherford, 1865, March 6, which shows the great importance, not
only of obtaining moon pictures through a series of years, but also of
carefully and systematically examining them. Lohrmann, in 1823, figured
a plain on the S.W. of Hipparchus, surrounded by mounr
A-' N^y% tains as in the margin, with a crater on the W. border,
w
!T/(p(
S ^°k he considered sufficiently important to designate
as
ec
T
s crater
e
lV t£*
^ '
*"
k described as a little pit.
1 \r
On De La Rue's photogram the W. border is traceable
with a very shallow crater on it in precisely the position
indicated by Lohrmann. It is, however, so faint on the photogram as to
be easily overlooked, and very unlike the conspicuous craters on the W.
of Hipparchus. This faint shallow crater appears on the photogram to be
larger than drawn by Lohrmann. No trace of it exists on Rutherford.
The plain is there, and the interior mountain border running, as in De
La Rue, N.N.B. and S.S.W., which is not the direction given by Lohrmann.
In the position of Lohrmann's crater is a kind of platform, the middle
portion of which is very slightly depressed, and not at all of the character
shown on De La Rue's photogram, which clearly testifies to the accuracy
of Lohrmann's drawing. The form of the border is decidedly
different in the two photograms. De la Rue's differs very slightly /rT^
from Lohrmann's. Rutherford's has a projection from the W.
border, inclosing the site of Lohrmann's crater, as shown above.
Lohrmann gives 6° of brightness for the surface of the plain seen in
its meridian. On both photograms it is not more than o3'6. 1868,
Dec. 23, I found it only 40,3, at about the same epoch of phase as that of
the two photograms. Lohrmann gives the surface of the plain as per-

\s

It would be out of place for me to make any remarks upon these
appearances, but simply state the phenomena as they appeared to me, and
to say that I used a small, but powerful refractor, and that the atmosphere
was tolerably clear during the observation.—Yours, etc.,
H. W. EMONS,
Secretary, Hackney Scientific Class.
2, Percy-road, Wells-street, South Hackney, London, N.E.,
February Gth, 1869.
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HANDBOOK OP NATURAL PHILOSOPHY.
By Dionysius Lardner, D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in the University College. London. " Optics." Sixth Thousand. Edited by T. Oliver
Harding, B.A., Lond. With Two Hundred and Ninety-eight Illustrations. (James Walton.)—This well-known work, now re-edited by Mr.
Oliver Harding, contains a large body of optical information, illustrated
by numerous diagrams. In adapting it to the present date the editor has
not gone quite far enough in his alterations and additions to give complete
satisfaction. Thus the paragraph on spectrum analysis is very meagre,
and the chapter on optical instruments contains no description of a spech-oscope. Mention is made of Nachet's binocular microscope, but
Wenham's far more important pattern is omitted. Under the head of
telescopes, those with silvered mirrors are left out, although they are wellknown to practical astronomers as instruments of very great importance,
placing large apertures and great accuracy within the reach of moderate
means. We think it is a great fault that ordinary works on optics do
not give distinct ideas of the nature of light waves. Light propagated
in all directions from a luminous point proceeds, if not interrupted, in
a series of consecutive spherical shells, and unless this is understood the
term "ray" becomes associated with erroneous ideas belonging to the
now abandoned theory of corpuscular emission—that is of particles shot
out in straight lines.
Dr. Lardner was not a very accurate thinker, and the present editor has
not' sufficiently corrected his errors. Thus we are told that " the intensity
of light which issues from a luminous point diminishes in the same proportion as the square of the distance from such point increases." We
have italicised the word in which the blunder lies. It is obvious that if
we walk away from a luminous point we do not thereby diminish the
quantity of light issitinr/ from it, although our eyes may receive less and
less. If the Lardner dictum were true, all the gas-lights of London
would be absolutely put out as any particular traveller receded from them
in a railway trip.
THE ELEMENTS OF THE LATIN SYNTAX: with Short Exercises for the
Use of Schools. By W. H. Harris, B.A., B.Sc, Lond. Univ., F.G.S.
(Hodder and Stoughton.)—This is a very praiseworthy effort to make
Latin Syntax more intelligible to pupils. We commend it to the attention of the scholastic profession, and of private students, in the conviction that they will find it a useful book.
THE THEORY OP OCULAR DEFECTS AND OF SPECTACLES.
Translated
from the German of Dr. Hermann Scheffler. By Robert Brudenell
Carter, F.R.C.S. (Exam.), Fellow of the Royal Medical and Chirurgical
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Society, Consulting Surgeon to the Gloucestershire Eye Institution, with
Prefatory Notes and a Chapter of Practical Instructions. (Longmans.)—
This is an elaborate treatise adapted exclusively to professional use. It
deals mathematically with the varieties of optical defects to which eyes
are subject, and indicates the kind of artificial help that will be most
effective. It is a learned painstaking work, which scientific oculists and
spectacle makers will find worth studying ; but we could extract nothing
from it adapted to the general reader.
FIRST LESSONS IN ANCIENT HISTORY FOR YOUNG PEOPLE.
By the Rev.
T. Woolmer, author of " Child Training." (Hodder and Stoughton.)—
Some parts of this little book are nicely done, but the author sticks to
the orthodox chronology of the creation of the world, and places his
Egyptian dates far below Bunsen and Lepsius. About the present state
of Egypt he talks great stuff. "Her lands are untilled," "her fields
unsown," "her cities deserted," etc., etc., expressions not according with
fact.

NOTES

AND

MEMORANDA.

SWEDISH AECTIC EXPEDITION OP 1868.—Professor A. E. Nordenskiold observes, in
a letter to the President of the Royal Society, " that the polar sea is far more open in
(he autumn than at any other season of the year, but that even then the passage is soon
stopped by dense and impenetrable masses of broken ice. That during the winter the
polar basin is covered by unbroken ice, and that the freezing of the surface begins as
early as the end of September. That an autumn cruise north of 80i° lat. is attended
with unusual dangers, owing to the darkness and storms then prevailing, no ship being
able a long time to sustain a night storm among large rolling pieces of ice and a cold of
—15° Cent. If the ship has the good luck not to be more or less damaged by the unavoidable encounters with ice mounts, it will soon, by the immediate freezing of the washing
waves, be itself quite covered and pressed down with ice. The idea of an open and
comparatively milder polar basin is quite chimerical ; on the contrary, 20' to 30^ north
of Spitzbergen, a region of cold seems to begin, which no doubt stretches round the
pole. The only plan to attain the pole, from which success can be expected, is that
adopted by most English arctic men, namely, of going northward by sledges in the
winter, either from Smith's Sound or Seven Islands. The expedition is said to have
collected valuable information on Arctic natural history, temperature of currents, etc.
TERTIARY PLANT BEDS OF NORTH GREENLAND.—In his annual address the President of the Eoyal Society stated that the collection of fossil plants brought from
Greenland by Mr. Whymper, and sent to Professor Oswald Heer for examination, would
shortly be returned to London, and a complete series of specimens deposited in the
British Museum. The deposits belong to the lower miocène, and it is remarkable that
so far north as 70° lat., at Disco, two cones of magnolia were found.
NEW PHOTOMETRIC STANDARD.—Mr. Crookes recommends as a substitute for the
" sperm candle," which is apt to vary, a glass lamp holding about two ounces. The
aperture for the wick is 0-25 of an inch in diameter, and the wick is composed of fiftytwo pieces of platina wire held in a platina tube. The fuel is alcohol sp. g. 805, and pure
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benzol boiling at 813 C, mixed in the proportion of 5 to 1. The photometer he uses
operates with polarized light, and is upon the same principle as one by M. Jansen.
MICROSCOPIC PLANTS AND ANIMAIS IN ERUPTIVE ROCKS.—In a pamphlet published at Leipzig, " Liber einc Mikroskopische Flora and Fauna Krystallinischer Massengesteine (eruptivgesteinc) von Gustav. Jenzsch," the author speaks of numberless forms
of plants and animals met with by him in polished sections of certain rocks called
eruptive, and supposed to bo of igneous origin. He instances the Melopyr of Zwickau,
and a quartz porphyry of Halle. He has met with diatoms, polythalama, and polyeystina,
and rarely with arcellœ amongst the " polygastric " infusoria. He describes zoospore3
and the conjugation of algæ. Ho likewise speaks of a new infusorian " Rynchopristis,"
and a rotifer " Trikolos."
DESCENT OP GLACIERS.—The Rev. Canon Moseley comes to the conclusion, from
mathematical calculation, that the weight of a glacier, together with the weight of any
snow mass behind it, would not account for its peculiar descending motion at the
slopes which are observed. The glacier moves not as a whole, but with different
velocities in different parts. " It moves faster at its surface than deeper down, and at
the centre of its surface than at the edges." Thus it suffers constant disruption, and
the parts are reunited by regelation, as Fai'aday explained. The displacement of particles one over the other in this motion is known in mechanics as shearing, and Mr.
Moseley shows that the resistance to this movement is so great that the weight of the
mass could not account for its descent ; and that some other forco much greater, and
producing internal molecular displacements, must come into play. (See " Proc. Roy.
Soc")
TXNDALL ON BLUE SKY AND POLARIZATION OP SKY LIGHT.—For the details of
Professor Tyndall's experiments we must refer our readers to the " Proceedings of the Royal
Society." He uses a glass tube about a yard long, and 2$ to 3 inches wide, into which
he introduces the vapour to be examined, and then illuminates it in a dark room with a
beam of electric light. Vapours are selected which suffer chemical decomposition
when thus acted upon, and form precipitates. He says, " by graduating the quantity
of vapour, this precipitation may be rendered of any degree of fineness, forming particles distinguished by the naked eye, or particles which are probably far beyond the
reach of our highest microscopic powers. There is no reason to doubt that particles
may be thus obtained whose diameters constitute but a very small si-action of the length
of a wave of violet light." When the vapours are sufficiently attenuated and illuminated by an electric beam, a blue cloud appears visible in a dark room, but not in
ordinary daylight. These particles polarize light, but not according "to " the law of
Brewster, which makes the index of refraction the tangent of the polarizing angle."
Employing substances of widely different refractive indices, he has found the finelydivided matter of the " blue cloud" give a maximum of polarization in a direction at
right angles to the illuminating beam. He considers that water particles in the more
minute state of division exist in the higher regions of the atmosphere, and have the

same effect.
PLANT REMAINS INTERSTRATIFIED WITH BASALT.—At a recent meeting of the
Geological Society, Mr. "W. H. Bailey described a layer of red clay, 4 to 8 inches thick,
separated by a conglomerate bed from the underlying basalt, and from the upper layer of
basalt by earthy beds, aud containing fir cones, leaves of dicotyledonous plants, and a
few elytra of beetles. Mr. David Forbes remarked that the existence of this leaf-bed
might be regarded as affording ground for belief in the non-igneous origin of basalt, but
from experiments he had made he found half an inch of clay sufficed to protect vegetable
forms from destruction, when a mass of melted slag was allowed to ilow over them.
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FIRST ORDER.—ERRAKTIA.
(With a Coloured Plate.)
AiHRŒWflMNB, SEA Mica. — The Aphrodiseans
though, perhaps, not the type of the free wan■ innelida errantia), are usually the first that
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^uatrefages considers .'hem as t!k; aberrant
i ticr, though, at the same time,
he commencchis ut.nient with them. The greater number differ in form
from the bulk of the wandering Annelides; for, instead of being
long and slender like thé Nereids and Phyllodoces, for instance
(Plate III., Figs. 3 and 4), they are generally short, rather
broad, and more or less oval in shape. The chief character, how•', is the possession of a certain number of membranous organs,
mm «cales, which have been described by Savigny as resembling
cases of beetles, and hence, by him called elytra, a name
adviby most authors since his time.
These «cales, or elytra,
a*p
Ifcfr base of the superior branch of the feet by moan* ^i'
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mentioned, serve also as orgau* for aerating the blood. They are
various iu uhmber and ]>o.«ition, and do not occur on all the feet.
Generally, they alternate with the cirri; those feet which possess
elytra being deprived of cirri/whilst those which do not possess
scales «pe |*©vided with, these organs.* The presence of foet. furnished with Mpfes which alternate with other feet destitute us these
appendages, is one of the most important characters of the group.
In our sketch of the respiratory system of the Annelides we
have taken particular notice of the branchiae. In many they are
well developed, aud attract attention by their peculiar form. In
the Aphrodites, however, these organs are very small, are hidden
under the scales, or elytra, and merely present the appearance of
small tafcMKoaa eminences, like minute nipples. In some of the
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BY W. BAIRD, M.D., F.R.S., F.L.S., ETC.
FIRST ORDER.—ERRANTIA.
{With a Coloured Plate.)
FAMILY OP APHRODISEANS, SEA MICE. — The Aphrodiseans
(Aphroditidæ), though, perhaps, not the type of the free wandering Annelides {Annelida errantia), are usually the first that
authors describe. Quatrefages considers them as the aberrant
group of this order, though, at the same time, he commences
his arrangement with them. The greater number differ in form
from the bulk of the wandering Annelides ; for, instead of being
long and slender like the Nereids and Phyllodoces, for instance
(Plate III., Figs. 3 and 4), they are generally short, rather
broad, and more or less oval in shape. The chief character, however, is the possession of a certain number of membranous organs,
like scales, which have been described by Savigny as resembling
the wing cases of beetles, and hence, by him called elytra, a name
adopted by most authors since his time. These scales, or elytra,
are fixed to the base of the superior branch of the feet by means of
a short peduncle, and lie along the back in a double series, covering
it like a coat of mail (Plate III., Fig. 1). They are composed of
two cutaneous layers, applied one against the other, but capable of
being separated so as to become vesicular. At certain seasons of
the year these vesicular scales are filled with ova ; they are thus
useful in the reproductive system, and, as I have previously
mentioned, serve also as organs for aerating the blood. They are
various in number and position, and do not occur on all the feet.
Generally, they alternate with the cirri ; those feet which possess
elytra being deprived of cirri, whilst those which do not possess
scales are provided with these organs.* The presence of feet, furnished with scales which alternate with other feet destitute of these
appendages, is one of the most important characters of the group.
In our sketch of the respiratory system of the Annelides we
have taken particular notice of the branchiæ. In many they are
well developed, and attract attention by their peculiar form. In
the Aphrodites, however, these organs are very small, are hidden
under the scales, or elytra, and merely present the appearance of
small cutaneous eminences, like minute nipples. In some of the
* An exception to this rule is that of the genus Sigalion.
VOL. III.—NO. III.
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species they are so small as almost to escape notice ; hut not so are
the cirri. These are two in number on the feet which possess them.
The inferior is very small in general, except on the first segment of
the body, but the superior is long, and subulate in form. These
appendages are always attached to the feet, and in many species of
the group present good characters for distinguishing them. The
feet themselves arc divided into two branches, very distinct from
each other, one called the dorsal, the other the ventral (Plate II.,
Figs. 23 and 24). On each of these, in the very substance of the
foot, there is always present one spine (acicula), and one or two
bundles of bristles, or setæ, spring from each of the branches into
which the foot is divided. The setæ of the dorsal branch are sometimes very complicated in structure (Plate II., Figs. 15, 16, and 17);
those of the ventral are simple, or forked.
The sea-mouse (Mws marinus of Linnæus), or Aphrodita aculeata, is a common worm on our coasts, and is frequently thrown
ashore on our sands after a high tide. Of all the Annelides known
to us, in Great Britain at least, the sea-mouse is the most brilliant
in the iridescent colours of its bristles. " Reflecting the sunbeams
from the depths of the sea," says Linnæus, " it exhibits as vivid
colours as the peacock itself spreading its jewelled train." It
frequently occurs ten inches in length, and is of an oval shape.
The back of the animal is of a dull colour, and the scales are completely concealed by a matted covering of fine bristles, closely interwoven, so as to resemble a kind of felt. The beautiful iridescent
hues mentioned above, and at page 104, belong entirely to the
immense number of long hairs, or flexible setæ, with which the
sides are clothed (Plate II., Fig. 13).
It creeps at a slow pace, and, as we are informed by Dr. Johnston,
is a favourite prey of tho cod-fish, in whose stomach specimens, in
a perfect condition, are sometimes found.
Another species, the porcupine sea-mouse {Aphrodita hystrix),
also a native of our coasts, differs from this one, particularly in
having none of the felty covering on the back, but displays the
scales, or elytra, ranged in a double series along the whole length.
We have figured this species in our Plate III., Fig. 1. It is not so
large as the common sea-mouse, being only two or three inches
long, nor is it so brilliant in its colours. The back is covered with
large irregularly heart-shaped scales, and the sides are spinous, with
o-olden and brown-coloured setæ. The ventral branch of the feet
is large, conical in shape, and of a brownish-yellow hue. On the
elytra-bearing feet we see two fasciculi of bristles. That implanted
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immediately on the outside of the scales has the setæ spread out
upon them, and are subulate, not denticulated, slightly curved, and
of a clear brown colour, with golden reflections. The second fascicle
is inserted more externally still upon a tubercular peduncle, and the
bristles are long, very stout, and terminate in a lanceolate point,
with the edges denticulated, the teeth curving down towards the
base. These are the barbed arrow-shaped setæ described above,
and represented in Plate II., Figs. 15, 16, and 17. The dorsal
branch of those feet which do not possess scales or elytra (Plate II.,
Fig. 24) has a single bundle of bristles, which are less strong than
those of the corresponding branch of the other feet, and instead of
being barbed, are merely sharp-pointed and simple, not denticulated.
The setæ of the ventral branch are the same in both feet, are less
numerous, and forked at the extremity.
The porcupine sea-mouse occurs chiefly on our southern coasts,
as at Weymouth, Falmouth, etc. Milne Edwards states it to occur
only in the Mediterranean, and on the coast of France ; but it is now
known to inhabit our shores also.
Belonging to this group of Aphrodiseans, there is another set of
worms with scales on their back, several species of which are found
on the British shores. These belong to the genus Lepidonotus, or
the scale-back worms as they are called. They differ from the
Aphrodites, or sea-mice, in many respects, especially in the armature
of the mouth, and the position of the elytra on the inferior part of
the body. Some have the back completely covered by these scales,
whilst others have it naked in the centre, and others, again, have
scales only in a small portion of the body. The species which
inhabit the coasts of Great Britain are a decidedly carnivorous set
of animals. Dr. Johnston informs us that they prey upon livinginvertebrate animals, and that the stronger individuals among
them do not hesitate to kill and eat the weaker of their own and
allied species.
One of the most common of our British species is the roughscale-back {Lepidonotus squamatus). It varies much in size, according to the situation in which it occurs, being from one to two
inches in length, and about a quarter of an inch in breadth. It
occurs in most parts of our coasts. I have often found it nestling
among dead shells, such as those employed in making oyster beds,
and have dredged it from a depth of six to ten feet. Usually slow
in its motions, it appears dull and languid ; but when disturbed, it
can run with considerable speed, though it swims with difficulty.
Those who have watched its motions say it retreats from the light,
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quitting its haunts cautiously and timidly at night, as if dreading its
enemies, or as if it were in quest of prey. In colour, it is of a
uniform cinereous brown on the back, but the belly is of a pearly
lustre and occasionally iridescent. In shape it is rather depressed,
and is of about equal breadth at the two extremities. The back is
furnished with twelve pairs of scales, each of which meets and
slightly overlaps its opposite fellow in the centre, and thus covers
the whole surface. They are rather large in comparison with the
size of the animal, are roughened all over with minute brown granulations, and are ciliated on the outer edges. The head is completely
covered by the first pair of scales; but when exposed it shows
itself of a reddish hue, and exhibits four small black eyes, three
(so called) antennæ, bulbous near the point, and two palpi longer
than the antennæ and swollen near the apex. The cirri, attached
to the feet, are white, but ornamented with a black ring a little
below the sharp point in which they terminate. They originate
from above the dorsal branch of every alternate foot, and under the
scales. The animal has twenty-five pairs of feet, and the bristles,
which spring from the two divisions (dorsal and ventral), are of a
golden yellow colour. Those belonging to the dorsal branch are of
two kinds, one slender, flexible, and subulate in form ; the other
rather stouter, gently curved, pointed, and serrulated for about half
their length (Plate II., Fig. 9). Those of the ventral branch are
still stouter and longer, slightly bent near the tip, and serrulated
with a short series of teeth on the outer edge (Fig. 11). There are
-about 270 of these bristles in each segment, and as there are twentyfive pairs of feet, we thus have 7230 setæ of exquisite structure in
•each individual.
" These details," says Mr. Gosse, " convey but a feeble and imperfect notion of the numerous and elaborate contrivances which are
so profusely bestowed upon these mean and grovelling worms ; but
they show how careful is their Creator of their well being ; howlavish of his mercies towards his meanest creatures."
There is a curious species of scale-back worm occurring on our
southern coasts and in Ireland. It is found also on the coast of
France.
Oersted, Johnston, and other authors limit the generic appellation
Polynoe to this worm, though Mine Edwards and many others
bestow the name of Polynoe on all the species of Lepidonotus alike.
The worm under consideration is the scolopendra-like scale-back
(Polynoe scolopendrina). It is of a linear, elongated form, and is
frequently found four inches in length. The most marked difference
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between the genera Lepidonotus and Polynoe (as now restricted) is,
that the species belonging to the latter are very long and slender,
and the hinder portion of the body is generally left uncovered by
the scales, which are not so well developed as those of Lepidonotus.
It is difficult, says Dr. Johnston, to describe the colouring of this
fine worm.
The general hue, however, of the dorsal part of
the body is, according to M. Milne Edwards, who describes it from
the living worm, brownish, with a yellow band running down
throughout its whole length, and having a row of brown spots, one
occurring on each segment. Towards the base of the feet we sec
several streaks of yellowish red, and a small yellowish spot, corresponding to the rather elevated branchial tubercle. The dorsal
cirri are brown, and the scales of the back of a light brownish
colour, marbled with white. The feet are yellowish, and the head,
when uncovered by the scales, is of a rosy tint. The scolopendralike scale-back is a timid animal, living in sheltered places, and
what is curious in its history is, that it frequently forms for itself a
kind of tubular case, constructed of sand and fragments of shells,
agglutinated together by a mucus given off from its body, as
in the case of the Terebellæ, in whose company it is generally
found.
Another species of scale-back worms, belonging to a group
called by Milne Edwards the Vermiform Aphrodiseans, is the
Sigalion, a long, narrow worm, with numerous scales continued to
the end of the body. The most remarkable difference between this
genus and Lepidonotus is, that the scales and cirri occur simultaneously on the feet, instead of alternating.
One species was
described as British, by Dr. Johnston, in " Loudon's Magazine," in
1833, under the name of the Boa-shaped Sigalion (Sigalion boa).
This fine worm is about eight inches long, and only a quarter of an
inch in breadth.
The scales are about 140 in number on each
side, and the feet are very numerous. These organs are divided,
as in Lepidonotus, into two branches, the dorsal branch having
setaceous, simple setæ, serrulate on the upper half (Plate II.,
Fig. 9), those of the ventral being compound and billhook-shaped
(Fig. 19).
When placed in a basin of sea-water, this animal, we are
informed, appears sluggish; but it burrows in loose sand with
great rapidity, being enabled to do so by the play of its innumerable feet.
FAMILY AMPHINOMACEA.—The anneloids belonging to this group
differ in some essential particulars from the Aphroditacea. They
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possess no scales or elytra, but have an uninterrupted series of
arborescent or shrub-like branchiæ on each side of the body,
attached to almost every segment, and usually not alternating with
cirri. In the restricted family Amphinomidæ, there is a crest or
fleshy-looking caruncle on the back of the mouth segment, which is
more or less prominent and well developed. The animals are in
general more vermiform than the Aphrodites or sea-mice, and the
feet are divided into two branches of considerable size, placed at a
little distance from each other. These large branches are each
provided with a fascicle of bristles; those of the dorsal branch being
in general long, numerous, capillary, and terminating in a fine point,
serrated for a greater or less distance below the apex, those of the
ventral being either strong and simply curved (Plate II., Fig 1)
or furcate. There are no species of the genus Amphinome found in
Great Britain, being natives, for the most part, of warm climates ;
but some of the representatives possess such lovely and bright
colours, that we have been induced to figure one (Plate III., Fig. 2),
Arn/phinorrie didymobranchiata.
This fine species is one of the most beautiful of them all. It is
about five or six inches long, the back is generally of a light olive
green colour, and the segments of the body are rather narrow, and
separated from each other by a fine, nearly black line. The belly is
light yellow, and the caruncle or crust, and the branchiæ on each
side, are of a bright carmine. The setæ of the first are long, numerous, very fine and slender, and of a pure white. The caruncle or
crest is large and fleshy, covering nearly five of the first segments.
The branchiæ are peculiar in form, from which it derives its specific
name. In most of the species these organs have only one branch ;
but in this they are divided into two, not arising from the same
stem, but at a little distance from each other, both being arbuscular
in form. The seta of the dorsal branch of the foot are exceedingly
numerous, straight, sharp-pointed, and slightly serrated on the
edge; those of the ventral branch are stouter than those of the
dorsal, are rather blunt, somewhat curved at the extremity, and are
toothed or bluntly serrate near the point. The cirri are rather
slender, and tinged with carmine near the free extremity. This
species is a native of the sea near the Island of Ascension, and
Mr. Watson, who first, I believe, brought specimens to this country,
informs me that they are collected there by the boatmen who sell
them to the visitors to the island as objects of curiosity. They
pretend that they are of a venomous nature, and are able to inflict
serious wounds upon those who incautiously handle them. Mr.
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Alder, whose name is well known as an able and enthusiastic naturalist, informed Dr. Johnston that the species of sea-mouse previously mentioned, the porcupine sea-mouse (Aphrodita hystrix),
" are very inconvenient neighbours in a bottle, as their sharp spines
stick into everything, and in examining the contents of a dredge
where they are," he adds, " they pierce the fingers, breaking in,
and becoming very painful." These Ascension boatmen may be
aware of something of the same nature, and no doubt the numerous
setæ with which the feet of this worm are clothed are powerful
weapons of offence and defence against those animals which prey
upon them, and may at times, in like manner as those of the porcupine sea-mouse mentioned by Mr. Alder, prick the fingers of those
who incautiously handle them when alive.
A similar-looking
species was taken by M. Bory St. Vincent, amongst the rocks and
lava off the coast of Metava in the Morea. The colours of this
species were almost as bright as the one just mentioned, and it is
rather remarkable that both are natives of the vicinity of volcanic
islands.
It is curious that worms of this brilliant character should
be found buried in the ocean where no mortal eye can observe them.
Doubtless, these resplendent colours are of some use to the animal
so highly adorned, though we may not exactly understand it ; but
we are strongly reminded of the beautiful words of the poet :—
" Full many a gem of purest ray serene,
The dark unfathomed caves of ocean bear.
Full many a flower is born to blush unseen,
And waste its sweetness on the desert air."

One or two species of an allied genus, named THuphrosyne, are
natives of our seas.
One of them, Eaphrosyne foliacia, has been
taken on the coast of Ireland and at Weymouth. In this species
the crest is erect and linear ; but the branchiæ are rather small,
being no longer than the setæ of the feet. The colour of this Annelide when alive is said to be of a fine cinnabar red, very bright
upon the branchiæ, and mixed with yellow and green on the back.
The cirri are yellow with a red line running along the centre. The
crest is of a brighter red than the back ; the belly is of vinus colour,
and a bright red line runs down the middle. Mr. Gosse, who has
observed it when alive in Weymouth Bay, says that the colours of
his specimen were less vivid. " I should designate the hue," he
says, " to be of a bright cinnamon red, rather than cinnabar ; and
the median line of the ventral surface is purplish."
In length it is
three-quarters of an inch.
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The worms belonging to this group are
peculiarly formed with regard to their masticatory organs. Their
proboscis is short, but has, articulated on its base, from seven to nine
solid jaws, placed one above the other, and approximated beneath
so as to rest on a kind of inferior lip of a similar or even more solid
structure. The species are generally of a linear, elongated, almost
cylindrical form, and the body is composed of numerous segments.
They have no scales or elytra on the body, and may or may not
possess branchiæ or gills on their feet. These latter organs consist
of only one branch, but are furnished with one or more fascicles of
bristles. In the genus Eunice the spines are provided with branchiæ
which are very distinctly and well developed. They are fixed immediately above the upper or dorsal cirrus, and are more or less
pectinate or comb-like in their structure. Standing erect as minute
combs at the dorsal base of each foot of the body, to use the words
of Mr. Williams, these branchiæ impart to all the species a graceful
and characteristic appearance. The Eunices, even on our own
coasts, are of considerable size ; but some of the exotic individuals
measure more than four feet in length, and possess more than four
hundred segments in the body. The jaws are remarkable bodies;
as represented in Plate II., Fig. 5, they are three pairs, and
are powerful organs.
The two uppermost are large, simple,
and curved at the point (b b) • the two inferior are shorter, but
thicker and more massive than the superior, and are toothed in the
inner margin (cc).
The third pair are called denticles by Qua'trefages, are small and armed with teeth on their fore margins (old).
On the inferior part of the proboscis we see the inferior or sternal
lip (Fig. 5, a), upon which these jaws, as it were, rest. This consists of two flattened bodies united strongly to each other in the
centre, and free from teeth on the margin. The jaws are all solid
horny bodies, but the lip itself is almost calcareous in structure.
The species from which the figure of these jaws is taken, Eunice
(Marphysa) sanguined, the Sanguine Eunice, is the finest of all
our European species. It was first described by the celebrated
naturalist and historian of the lower animals of our coasts, Colonel
Montagu, who discovered it on the southern shores of England.
In size it far surpasses all our other British species, being from
fifteen to twenty-four inches in length, and as thick as a man's
finger, the body consisting of three hundred segments. Most of
the species of the genus Eunice arc furnished with two tentacular
cirri on the second segment of the body ; but the Sanguine Eunice
differs from all our others in the absence of these organs, and this
FAMILY

EUNICEÆ.—

1G9

want of tentacular cirri has caused it to be raised to the rank of a
separate genus, called Marphysa. The colour of the body when it
is alive, is generally of a deep green, with intensely red branchiæ.
But these colours vary very much according to the situation in which
these animals occur. When they are found, as they often are, in
the clefts of rocks, sheltered there, and living in a sort of gallery,
which they construct for themselves, they are richer in their tints,
and are adorned with metallic and iridescent hues. If taken amongst
sea weeds and Zosteræ in a muddy bottom, they partake somewhat
of the dull colours of their residence, become less brilliant, and of a
darker hue.
Amongst the other genera belonging to this group of Euniceans,
there are one or two which inhabit tubes. Such is the Sao (Northia
tnbicola of Johnston, the Nereis tubicola of Millier), and the Onwphis
conchilega of Sars. The former of these worms, the Sao, lives in a
tube which it constructs for itself, and which presents the exact
appearance of a quill pen. It is of a horny substance, about four
inches long, smooth and transparent, and somewhat flexible. Living
in soft mud, tho animal immerses in it one end of this tube, and
protrudes the other end to some distance. The habits of this worm
have been described with great accuracy by Dr. Johnston, whose
words we quote :—
" One unceasing object of its life," he says, " is the capture of
prey. For this end, it must protrude the anterior portion of the
body beyond its tube, and raise itself above the surface of the mud,
and remain in this position on watch. To enable the worm to do
this with ease, is, I conjecture, the office of the forceps-like bristles
of the feet (Plate I., Fig. 7) ; with their ends, it may hook itself to
the rim of the tube, and thus obtain a support without the waste of
muscular power. A long watch is thus rendered less irksome,
while at the same time the capacity to seize upon a passing prey is
increased. The prey caught, analogy leads us to conclude that the
worm will instantly retreat and sink within its tube, where it can
feed without disturbance or fear. But as the entry and passage arc
narrow and unyielding, it seems to follow that the prey should bo
held by the mouth alone, when in the act of being dragged within
the tube, and hence surely the reason that the mouth has been furnished with the hard tubercles to the lips; for, when pulled
together and put in contact, they must give a firmer gripe and hold
than could otherwise be taken. The use of the tube is to protect
the body from the pressure of the soft mud in which it stands
immersed. When the tube is overset or cast out by the waves or
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accident, the worm leaves it, and becomes in its turn exposed to
enemies. To protect itself from these, while a new tube is being
secreted, nature has amply furnished the Sao with a series of bristling lances on each side. These arms are of exquisite make, very
sine and very sharp ; and those of the upper bundle have their points
bent and inclined towards those of the lower bundle, which are likewise bent to meet them. Arms like these will inflict wounds on the
tiny assailants of the Sao, sufficiently painful to repulse them, and
a lethal wound is unnecessary."
The Eunicean worms mentioned above are all provided with gills
or branchiæ on their feet ; but, as we stated at the commencement
of the group, there are others which do not possess these organs.
Such is the fine long worm found on our coasts, the Various-coloured
Lumbrineris (Lumbrineris tricolor). The head is oval, entire, and
without eyes, antennæ, or palpi. The jaws resemble those mentioned
above in the genus Eunice, but are more in number, being four
pairs, placed opposite each other, and supported on a short stalk
composed of two pieces. The Various-coloured Lumbrineris is a
native of our more southern coasts, and is about ten inches long.
It is narrow, being only about a fourth of an inch in breadth, and is
smooth and iridescent, with brilliant blue reflections in the sutures
of the body. M. Quatrefages informs us that these worms are very
lively animals, twisting and turning their long bodies with surprising
rapidity. The greater number of species, he says, secrete, shortly
after their capture, a very large quantity of mucus, which soon
becomes of a very tenacious character, and transparent as glass.
The quantity exceeds in volume the size of the animal which exudes
it.
The species of Lumbrineris live in subterranean galleries,
like earth worms, which they in reality considerably resemble in
appearance.
(To be continued.)
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PHILLIPS ON VESUVIUS*
PROFESSOR PHILLIPS has produced a classical work on the most interesting of European volcanoes. In it he has collected together a
mass of matter of the highest scientific import, while his clear
descriptions and graceful style will secure for his labours a wider
circulation amongst the class of general readers than is often
attained by an exact and learned book. The work is illustrated by
eleven plates, and thirty-five " diagrams," some of which are justly
so designated, while others are artistic sketches made by the author,
and evincing no ordinary amount of technical skill.
The early history of Vesuvius as a volcano is unknown. Previous
to the great eruption of A.D. 79, the mountain had experienced a
long period of repose. Seneca, who lived a little earlier than the
outburst of 79, noticed the eruptive character of the adjacent rocks,
and Strabo, about 30 B.C., "remarking the cindery aspect and
cavernous rocks, as if eaten by fire, conjectured that in ancient
times the country was all in a state of burning, being full of fiery
cavities, though now extinct for want of fuel ;" and he adds, " Perhaps this is the cause of its fertility." Vitruvius is also cited by
Professor Phillips as having preserved a tradition that at some
period, which had become antique by the time of Augustus, Vesuvius had vomited fire amongst the fields ; and Tacitus is quoted to
show that, in his mention of the eruption in the reign of Titus, he
speaks of that incident as a repetition of what had occurred "long
ages before." Diodorus Siculus (B.C 45)'likewise states that "the
whole region was named Phlegræan, from the culminating point
now called Oûecroúïoç, bearing many indications of having emitted
fire in ancient time."

The fertility of the soil and the long continuance of rest had
encouraged the growth of a numerous population within a few miles
of the mountain, and their first alarm seems to have been excited
by earthquakes, one of which shattered the cities of Pompeii and
Herculaneum at the time when Nero made his appearance on the
stage at Naples. The earth-shakings continued for sixteen years,
till on the 24th August, A.D. 79, they made the " whole country
reel and totter," and then came the eruption, in which the elder
Pliny lost his life, and which destroyed the two cities, and coverod
a large tract of country with suffocating ashes. If the elder Pliny
* " Vesuvius," by John Phillips, M.A., Hon. Fellow of Magdalen College, Oxford,
D.C.L. Oxford, LL.D. Cambridge, LL.D. Dublin, F.R.S., F.G.S., Professor of Geology
in the University of Oxford. Oxford, at the Clarendon Press.
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had been so fortunate as to have escaped, we should have had something like a scientific account of what occurred. As it is, we have
only the letters, referring to tho circumstances of his uncle's death,
written by the younger Pliny to Tacitus, some years after the event.
The Plinies were at Misenum, and about 1 p.m. on the 24th of
August, A.D. 79, the mother of the younger one called attention to
a curious cloud hanging over the Vesuvian region. From the distance, it was not clear from which mountain the cloud proceeded,
but it was " like a pine-tree, for it shot up to a great height in the
form of a trunk, which extended itself at the top into a sort of
branches." Many times since has the famous " pine-tree cloud "
hung in terrific beauty over the landscape, but this was its first
appearance in the historic period ; and we cannot wonder that the
elder Pliny, who was in command of the Roman fleet at Misenum, at once ordered a light vessel to be got ready, that he
might go nearer and examine the strange phenomenon. His
nephew's preference for stopping at home with his books seems
unaccountable, unless we ascribo it to fear, notwithstanding his
explicit declarations that no such feeling possessed him, at a later
period, when flying with his mother from a destruction which he
consoled himself with thinking threatened the whole world.
As the elder Pliny was passing out of the house, he received
despatches from Retina—the site of the modern Résina, not far from
Herculaneum—soliciting his aid, as there was no escape from the
fiery perils, except by sea. He proceeded at once with his ships
towards the* coast, but the sudden retreat of the sea threatened to
leave them aground, and the showers of hot cinders and stones made
it impossible to take the direction he intended along the coast by
Herculaneum and Retina. He then ordered the pilot to carry him
to Pomponianus, at Stabiæ, south of Pompeii, and nearly double
the distance of that city from the mountain. The eruption continued
with great violence, the court which led to the apartment in which
he retired to rest became filled with stones and ashes, while violent
concussions shook the houses. Pliny, Pomponianus, and the rest
of the company went into the open country, with pillows tied with
napkins on their heads. They walked towards the shore, intending
to re-embark, but the waves rendered this impossible, and the
younger Pliny states that flames and noxious vapours dispersed the
party, and speedily caused his uncle's suffocation. Professor Phillips doubts the accuracy of this description of the closing scene.
He thinks flames and sulphurous vapours could hardly be present
at Stabiæ, ten miles from the centre of the eruption.
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The difference between modern and ancient times is very strikingly shown in the paucity of information which has come down to
us concerning this tremendous eruption. No scientific travellers,
or unscientific, but graphic " special correspondents," hastened to
collect particulars. Young Pliny does not say a word about the
fate of the two cities, although he gives a vivid picture of the lesser
horrors at Misenum, which affected his mother and himself. Martial,
writing a few years after the event, makes a passing allusion to both
the devastated towns, and Dion Cassius long after (A.D. 230) speaks
of them briefly as buried under an " inexpressible quantity of
dust."
Pompeii was overwhelmed with dry ashes, while Herculaneum
was either buried in erupted mud, or what may perhaps be more
likely, under dust converted into mud by torrents of rain.
Sir
William Hamilton was convinced that the city was covered with
" liquid mud" issuing from Vesuvius, and he saw the head of a
statue dug out, and leaving a perfect impression in the tufa, which
had encased it like a mould.
Previous to the eruption of 79, the mountain appears to have
presented the form of a single cone, truncated and hollowed out at
the top. In the year 203 what Dion Cassius calls a " mighty conflagration" occurred, confined to the middle of tho mountain, and
from his description Professor Phillips concludes that nothing like
the modern cone of Vesuvius was then known ; but that some idea
was preserved of a mountain top more elevated and more contracted
than that left after the eruption of A.D. 79.
In 472 there was a great outpouring of ashes, spreading as far
as Constantinople; 512, 685, and 993 were also years of eruption,
and in 1036, Francis Scot, in his "Itinerary of Italy," relates that
it happened not only from the top, but its sides, and that its burning
products ran into the sea. In 1049 more lava currents are described
as running to the sea. An eruption is also mentioned in 1138, and
in 1139 Vesuvius was reported to have flamed for eight days, and
to have ejected so much dust and stones for thirty days, that the
whole interior was consumed, and the crater is stated to have remained empty till 1631, though volcanic activity was manifested in
1306 and 1500.
"In December A.D. 1631 occurred the great convulsion, whose
memorials are written widely on the western face of Vesuvius in
ruined villages, and left in layers of ashes over hundreds of miles of
country, or in heaps of mud swept down by hot water floods from
the crater. The crater itself was dissipated in the convulsion."
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This great commotion occurred sixteen centuries after the Plinian
eruption, and " since then the mountain has never been at rest."
Professor Phillips gives a table of the eruptions of Etna and
Lipari, Vesuvius, and the volcanoes of the Phlegræan tract known
to have occurred since the sixth century, B.C., in which none were
recorded. In the fifth century, B.C., Etna and Lipari made two
eruptions, and one occurred in the Phlegræan fields. In the second
century, B.C., there were five Etna and Lipari eruptions, and two in
the first century, together with one Phlegræan outburst. In the
first century, A.D., one took place in Etna, and one great one in
Vesuvius. In the third century, A.D., Etna and Vesuvius had an
eruption each, and Vesuvius did not make two in a century until the
eleventh, A.D., was reached. It was not till the seventeenth century
that more than two Vesuvian eruptions occurred, and in that century
there were four, and fourteen of Etna and Lipari. The eighteenth
century witnessed twenty-three Vesuvian and fifteen Etnean eruptions, and in the nineteenth century we have already had twentyfour Vesuvian and ten Etnean outbursts. It is remarkable that the
Icelandic eruptions seem to have reached a maximum in point of
number and in the eighteenth century, and taking the European
volcanoes altogether, it would seem that "not less than 2000 years
is the average interval between two epochs of maximum frequency
in the combined systems of active European volcanoes, and that
these apparently separate systems may have a common dependence
on some generally recurring condition more extensive than the
whole triangular area within which they are placed."
Professor Phillips observes that,in considering the history of Vesuvius as of other volcanoes,—as indeed of other natural phenomena,—
we distinguish not only periods of greater or less action, but crises of
violence, and epochs of unusual energy. In the series of eruptions
from Vesuvius, we may fix on those of A.D. 79, 1631, 1737, 1767,
1779, 1794, 1823, 1855, 1858, as among the more remarkable for
the extent of their lava currents, or the abundance of ashes, or the
height and splendour of the eruptive columns, which often seemed
to deserve the title of liquid fire spouted up to the clouds. The
magnitude of the eruptions may be in some degree estimated by the
mass of lava ejected.
Thus, in A.D. 1737, the mass of lava was
estimated at 10,237,096 cubic metres, and in A.D. 1794, a larger
quantity flowed, estimated at 20,744,445 cubic metres, both calculations being made by Breislak. " The ashy showers" are believed
" to have carried three times as much matter from Vesuvius as the
lava currents."
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The phenomena associated with Vesuvius, and similar eruptions,
are enumerated by Professor Phillips, as shakings and displacement
of the land, retreat and return of great sea-waves, or raising seabed, the sky filled with uprushmg volumes of expanded vapour,
speedily condensing in clouds and rains, jets of stones, melted
lava and scoriæ thrown up to great heights, and frequently falling
in parobolic curves at distances of six and eight miles, and currents
of melted rock, flowing over the edge of the crater, or bursting
forth from fissures in the cone. Mr. Mallet's researches show that
earthquakes are not deep-seated. In the Neapolitan regions, the
concussions producing them appear to occur at about eight
miles depth, at which, the earth's temperature, if presumed to
increase in the ordinary proportion, would only be 883"6° F., less
than half that of flowing lava. It would seem that in regions of
volcanic activity, there is a constant supply of molten matter, ready
to rush up through craters or fissures as soon as sufficient pressure
is applied, and it is an interesting question whether these lava
reservoirs are connected with a general mass of melted matter
below the solid crust of the earth, or whether they are local stores,
owing their high temperature to local conditions, and not directly
deriving it from central heat.
The source of lava floods may be much deeper than that of
earthquakes, without any connection with a supposed central
incandescent and molten mass. Some years ago, Mr. Hopkins
showed that if the interior of the globe was quite fluid from
heat, the earth's crust must be at least 600 or 800 miles thick ;
but recently M. Delaunay has objected that the molten lava
may be much more viscous than a true liquid.
Professor Phillips
remarks, that the interior fluid can only be of the nature of lava,
which, when examined at the surface, flows like thick honey, and
to such a fluid Mr. Hopkins's reasoning does not apply. But at
enormous depths the heat may be sufficient to produce really fluid
lava without viscosity. The earth crust cannot be supposed of uniform thickness, like the walls of a bottle. Probably, it is extremely
irregular, and a deep seated, or central molten mass, if such exists,
may communicate by channels, often irregular and narrow, with
reservoirs of molten rock at higher levels. Under such circumstances, " convection " of heat would be very irregular, and our
globe might contain molten matter, varying from simple fluidity to
viscosity and pastiness. The central heat may set up chemical
actions in various localities not far removed from the surface, and
those actions may, as in laboratory experiments, develope more
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heat, and melt rocks in their vicinity without any further aid from
central fire than that which sufficed to bring the chemical force into
play.
Chemical theories of volcanoes should not be abandoned too
hastily. They may require modification as science advances, and
the particular views of Davy or Daubeny may not be sustainable,
but it does not seem prudent to have recourse to central fire and
pi-imitive unsolidified terrestrial matter while the real condition of
the earth's interior is so little understood. We quite agree with
Professor Phillips that a complete theory of volcanoes should contain account of the consolidation of matter, and be in harmony with
the general history of the cosmos; but we doubt whether he is
entitled to say that the fluidity of silicated matter, and so forth,
poured out by volcanoes is due to the " inherent hea t of the globe."
It may be so, but it is not proved by Fouque, or by any one else.
Many lunar craters have the appearance of being hardened when
the crust of our satellite was in a pasty state, and when it was
much nearer the earlier stages of consolidation than any known
portion of our earth, as at present existing. If we assume that
the earth and moon passed from the nebulous or gaseous to the
fluid state, and then gradually formed a solid crust, early volcanic
eruptions would consist in outbursts of the central fluid through
the thin walls of that crust while it was pasty, or as soon as it
became solid ; but if the cooling process went on until the crust was
so thick that no lava could be forced up from the central molten
mass, does it follow that eruptions would cease ? Yes, according to
Professor Phillips's views, but not so if we admit that chemical
actions give rise to local fusions.
When great reservoirs of molten matter exist, the incursion of
water from the sea through fissures or rocks would seem sufficient
to account for earthquakes, and for the pressure necessary to
elevate large columns of lava, and cause their overflow.
Among the numerous interesting questions which Professor
Phillips treats in the work before us is that of the earth's contraction
by gradual cooling. This cooling would necessarily take place very
irregularly, and the contraction resulting from it may lead to great
displacements of particular areas least able to resist the disturbing
force. The crystallization of rocks also leads to powerful expansions,
and Professor Phillips considers that the elevation of the Scandinavian coasts noticed by Lyell could be accounted for by the formation
below it of less than fourteen feet of granite in one hundred years.
He says, " to me it appears clear that on the general fact of a
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cooling globe, two great systems of movement in the earth's crust are
surely to be inferred : one downward, by reason of the determining
of a general contraction to particular axes and centres : the other
upward, arising from the crystallization of rocks whose specific gravity
is less than the whole mass." Such movements extending over
large areas, would account for many of the modifications of surface
we can trace.
We have not attempted to follow the learned author through the
interesting details he has so skilfully compressed into one small
volume. What we have said will lead our readers to it, and they
will infallibly assign to it a high rank amongst the scientific works
of our time.

A NEW THEORY OF THE UNIVERSE.
BY R. A. PROCTOR, B.A., F.R.A.S.
PART III.
IN dealing with the accepted views respecting the sidereal and
nebular systems, I have treated the two systems separately. In
fact, according to the received opinions—whether we take the
theory of those who look upon all nebulæ as " island-universes," or
that of those who consider that some few are to be excepted—the
sidereal system is but a member of the nebular system. Just as
the Sun is one among the stars, so the Milky Way is held to be one
among the nebulæ.
1

In presenting the views I have been led to entertain" respecting
tho constitution of the universe, I shall consider the two systems
together—for this reason, simply, that I believe them to form but
one system.
I would not be understood to assert that all the nebulæ lie
within the confines of the Milky Way. There may be some few
which really are external systems.
For instance, I think it not
improbable that the spiral nebulæ are galaxies resembling our own.
But that the majority of the nebulæ, and especially such objects as
tho great star-cluster in Hercules, are to be looked upon as external
universes, I am disposed wholly to deny.
I think, indeed, that I should be able at once to show the
extreme improbability that even such an object as the Andromeda
nebula is an external universe on the assumption that the accepted
VOL. III.—NO. III.
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view of the sidereal system is the true one. Let us consider. In
the Milky Way wo are supposed to have an aggregation of suns
separated from each other—throughout the whole extent of the
galaxy—by distances comparable with the distance which separates
our Sun from the nearest fixed stars. But so widely are the outer
parts of the Milky Way separated from us, that—though composed
in this manner—they appear even in our most powerful telescopes
as mere patches of filmy light. Nay, there are streams of light so
faint, that, in the clear skies of the southern hemisphere, and
examined by such an observer as Sir John Herschel, with a reflector
eighteen inches in aperture, they appear but as a scarcely perceptible stippling or mottling of the telescopic field of view, and
that, to quote Sir John's own words, "the idea of illusion has
continually arisen subsequently." Now what the distance of these
streams from us may be, we cannot say ; nor is it important for my
present purpose that we should be able to form any estimate on this
point. It is sufficient to notice that this distance—whatever it may
be—must be looked upon as certainly not greater than the radius of
the great disc formed by the sidereal system. Such a disc would
have to be removed to a distance many times exceeding its own
diamoter before it would present the dimensions of the Andromeda
nebula, or of the largest globular clusters. Now if the outer parts
■of tho sidereal disc, removed from us by only tho radius of the disc,
present so faint an .appearance to us as has been described above,
how inconceivable would be the faintness of the whole disc when
removed to a distance exceeding its own diameter many hundreds of
times. It would not only not be resolvable into discrete stars by
any telescope yet constructed, but it would bo absolutely invisible
in a telescope exceeding the Parsonstown reflector a hundred-fold in
power.
I do not lay any stress on the above reasoning, founded as it is
on suppositions which I am not disposed to admit. But imperfect
as it is, it forces us to accept one of two conclusions, both of which
are diametrically opposed to received opinions. We must either
admit that the outer parts of our galaxy differ wholly in constitution
from the parts which lie in our neighbourhood, or we must deny
that the assumed external clusters bear the slightest resemblance to
our own sidereal system.
I turn, however, to the examination of the stellar and nebular
systems on principles nioro closely according with observed appearances.
We have seen that the elder Herschel was mistaken in supposing
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that the system of nebulæ forms a zone resembling the Milky Way,
but nearly at right angles to its course. Had this been the case a
negative argument of some force might have been deduced in favour
of the absolute independence of the stellar and nebular systems.
For it is clear that if nebulæ really form a system of island-universes,
and our galaxy be but a member of this system, it would be antecedently improbable that the apparent distribution of nebulæ should
exhibit any correspondence whatever with tho apparent distribution
of stars. To take a perfectly parallel case :—The Sun is undoubtedly
a member of the sidereal system, and we see that there is no
correspondence, nor any approach to correspondence, between the
position of the Milky Way (or the apparent zone of stellar aggregation) and the position of that medial plane near which all the
members of the solar system are observed to travel. If there had
been any correspondence of this sort, it must have been looked upon
either as a very singular coincidence, or as evidence of some law of
association, into the nature of which astronomers would have set
themselves to inquire. Now I can see no reason for anticipating
that any association should exist between the position of a system
of universes, and the position of the galactic disc which is assumed
to be a member of that system : nay, I can assert with absolute
certainty (on the assumption implied) that no such association
necessarily exists—since tho spiral and elliptic nebulæ, which, by the
assumption, are members of this system of universes, exhibit every
variety of position. . Therefore, had there been any correspondence
of the kind conceived—that is, had there been a zone of nebulæ
nearly coincident in position with the zone of the Milky Way—we
should have had no other resource but to explain that correspondence
as the effect of a very singular coincidence—unless we gave up the
theory that the nebulæ do, indeed, form a system of universes
whereof the galaxy is but a member.
Now I have been particular in dwelling on this point, because
the discovery that Herschel had been mistaken as to the existence of
a zone of nebulæ, brought with it a remarkable result. We have
seen that the central region of the northern cluster of nebulæ lies
very near the pole of the Milky Way—so near, indeed, that the
younger Herschel places this coincidence of position amongst the
phenomena which any one who attempts to give a consistent theory
of the nebular system must account for. We see, then, that there
is a coincidence, not precisely of the kind contemplated in the
preceding paragraph, but marked enough in its character. And we
see also that Sir John Herschel—apparently without noticing the
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important conclusion to which his words tend—points out that iro
cannot reasonably ascribe this coincidence to the effects of chaneedistribution, but must assign a cause for it. If Herschel is right,
if accident is not a legitimate explanation of this coincidence, thenr
as it seems to me, we can adopt no other conclusion than this—that
nebulæ do not form a system of external universes, but are intimately associated with the sidereal system.
But we have seen* that there exists in reality an association
between the apparent distribution of nebulæ and stars, which is
much more remarkable than the one pointed out by Sir John
Herschel.
For, along that very zone of the heavens which is
occupied by the Milky Way, there is a marked absence of nebnlæ.
If we except certain star-clusters, which exhibit so singular a relation to the Milky Way that Sir John Herschel considers they must
belong to it, we shall find that of G000 and more nebulæ which;
have been discovered by astronomers, there are scarcely fifty which
lie on a zone occupying a full tenth part of the celestial sphere.
It will be remembered also that the direction of the central line of
this zone is not exactly coincident with that of the Milky Way, but
lies more nearly along that great circle through Orion, Perseus,
Cygnus, Lyra, etc., near to which so large a proportion of the more
brilliant stars are found collected.
Now the existence of a zone in which nebulæ are markedly wanting is a much more remarkable phenomenon than the existence
of a zone very rich in nebulæ would have been. We see, for
instance, that the existence of the Milky Way among the stars is
very easily accounted for by the supposition that the sidereal system
forms a species of disc.
But if there were a zone wanting in stars,
how should we have explained so strange a phenomenon ? It is
clear that we should either have to assume the existence of ttvo
sidereal systems, between which our sun was situate ; or else to adopt
the almost equally bizarre theory that the stars formed a cylindrical
system, very long in comparison with its thickness, so that from the
neighbourhood of the sun—placed somewhere near the axis of the
system—very few stars could be seen in directions at right angles to
that axis.
And, if the zone were very distinct, as is the case with
the zone free from nebulæ, the former hypothesis would alone bo
available.
It results, then, that if nebulæ really belong to external space,
they must form two systems, our own galaxy occupying a place
between the two. Improbable as this conclusion appears, we cannot
* See " Notes on Nebulæ" in
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escape from it, nor from this further improbability, that the sidereal
disc should have a position almost exactly at right angels to the line
joining the central parts of the two nebular systems—unless toe concede that tJie nebulæ belong, for the most part, to our galactic system.
Nor does there seem any comparison between the difficulties involved
in the latter view and the utter improbability of either of tho two
former assumptions.
But again, let us recall the results of the discussion respecting
4he extinction of light. We saw that thero is good reason for rejecting the theory that light suffers appreciable extinction within the limits
■of our galaxy. It will be well, however, before proceeding further,
to notice that the theory thus rejected is not only not unfavourable to the views I am seeking to maintain, but leads directly to their
establishment.
For if we assume with Struve that the outer parts
of the Milky Way are hidden from our view, even with Herschel's
•eighteen-inch reflector, through the effects of extinction, then,
« fortiori, all outer systems must be hidden from us, unless their
component stars exceed the brightest members of our system many
thousand-fold in splendour.
We see, then, that the theory of
extinction at once excludes all belief that the nebulæ are external
sidereal systems resembling or in any sense comparable with our
ownNow it has been assumed, somewhat too hastily I think, that the
only available explanation of the difficulties which induced Struve to
.accept the theory of the extinction of light, lies in the supposition
that the stars composing tho sidereal system are much less densely
strewn round its borders than in the neighbourhood of the Sun. It
appears to me ' that, although in all probability there is a gradual
diminution in the density of stellar aggregation as the distance from
the centre of the galaxy increases, yet it is highly probable that the
outer stars are inferior also in magnitude and splendour*—and perhaps in a much more marked degree.
To me, indeed, the evidence
in favour of su cfr inferiority appears altogether irresistible.
In the first place, let us consider the naked-eye aspect of the Via
.Lactea. Is it such as would be presented if the sidereal system
really has the figure assigned to it by Sir Wm. Herschel? I am not
here discussing the first assumption made by Herschel,—that there
* Sir John Herschel speaks of certain stars seen in parts of the galaxy as appearing
small, * not by reason of excessive distance, but of a real inferiority in size or brightness."
But he is not here supporting the theory we hare mentioned above.
I am speaking of
the inferiority of the outer stars on the average, as compared with the average of stars
near the centre of the galaxy ; Herschel is speakiûg of the inferiority of certain members
4?f (he outer parts of .the galaxy as compared with their neighbours.
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exists a certain approach to uniformity in the distribution of stars
throughout the galaxy.
He was the first to admit that this idea
must be abandoned.
But it appears to me that Herschel's estimate
of the irregularity of our galaxy fell far short of the reality. The
sidereal system must be looked upon as composed of streams and sprays
and clusters of stars aggregated together without; any discoverable
laws.
The appearance of tho Milky Way to the naked eye strongly
suggests a constitution of this sort.
It is commonly asserted that
the galaxy forms a continuous ring of light upon the heavens.
But
this is not the case.
Near Argo, the main stream is divided, across
one of its widest and most brilliant portions, by a dark rift of considerable extent. The narrower stream which runs side by side with a
portion of the main stream of the Milky Way is also discontinuous ;
again, the galaxy is marked in some places with lacunce and in
others with sudden accessions of splendour—phenomena which
appear inexplicable unless we assume an irregularity, not merely in
the distribution of the stars, but in the form and structure of the
sidereal disc.
But this is not all.
Even on the assumption of extreme irregularity, there still remain insurmountable objections to the supposition
that the Milky Way has the figure of a disc. It will be remembered
that there exists in the southern hemisphere close by the Southern
Cross, a strange, roughly circular—or more correctly a pear-shaped
vacancy, so conspicuous that it has obtained among sailors the name
of the Goalsaclc.
It is very difficult to reconcile the existence of a
gap of this figure with the imagined longitudinal extension of the
galactic system.
And it is equally difficult to account for the phenomena described in the following passage of HerfcschePs " Astronomy 33 :—From the neighbourhood of Eta Argûs the Milky Way
" crosses the hind feet of the Centaur, forming a curious and sharply
defined semicircular concavity of small radius, and enters the Cross
by a very bright neck or isthmus of not more than 3 or 4 degrees
in breadth, being the narrowest portion of the Milky Way.
After
this it immediately expands into a broad and bright mass."
Still
more remarkable and significant is the fact that the Coalsack lies
u
in the midst of this bright mass."
All these phenomena point to
the conclusion that the Milky Way, in this neighbourhood at any
rate, is really what it appears to be,—a belt or zone of stars, separated from us by a comparatively starless interval.
An irregular
belt of this sort might present the varieties of form indicated above,
and might be transpierced by an aperture of any figure; but it is
utterly inconceivable that a disc-like space irregularly occupied with

A NEW THEORY OF THE UNIVERSE.

183

streams and clusters of stars, should be so transpierced as to exhibit
a circular vacancy to an eye placed near its centre.
In the conclusions just deduced I am in agreement with Sir John
Herschel, who, indeed, says in one place that the galaxy, looked at
according to a certain view, would " come to be considered as a flat
ring." But he nowhere adopts the consequences to which, as it
seems to me, this view of the subject should have led him. In the interpretation of another phenomenon presented by tho Milky Way, I am
wholly at issue with him.
He says, '' we cannot without obvious
improbability refuse to admit that the long lateral off-sets which at
so many places quit the main stream and run out to great distances,,
are either planes seen edgewise, or the convexities of curved surfaces
viewed tangentially, rather than cylindrical or columnar excrescences bristling up obliquely from the general level."
To me the
obvious improbability seems to lie altogether the other way.
That
one plane or curved surface should happen to be seen edgewise, soas to resemble a long and narrow lateral offset, is sufficiently unlikely ;
that several should so appear is utterly improbable.
The obvious
improbability conceived by Herschel appears to be founded on the
" oblique bristling up " of cylindrical star sprays. But the evidence
we have already had of the extremely irregular and heterogeneous
conformation of the Milky Way is sufficient to remove any difficulty of
this sort. Indeed, even among the stars in our immediate neighbourhood, there exist, as I have pointed out elsewhere,* decisive
evidences of stream-formation.
The star-streams visible to the
naked eye are far too marked to be the result of chance-distribution ;
and I anticipate confidently that the examination of the proper motion
of all the stars composing any stream will suffice to show how intimately they are associated together.
Now it might seem, at first sight, that the phenomena I have
adduced in the preceding paragraphs, afford no evidence in
favour of the opinion that the more distant portions of the galaxy
are composed of stars inferior in brilliancy to those which lie in the
neighbourhood of the solar system. But there is another phenomenon which, when properly understood, seems to make this opinion the
direct corollary of the views resulting from the former phenomena :—
It appears to me that if we consider the enormous distance at
which the Milky Way must lie beyond the lucid stars, on the hypothesis that it is composed of orbs nearly equalling them in brilliancy,
we cannot but contemplate with amazement the singular correspondence which may be traced between the configuration of the Milky
* " Notes on Star-streams," in " Intellectual Observer " for August, 1867.
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Way and the arrangement of the brilliant fixed stars in its neighbourhood. There is scarcely a part of the Milky Way in which there
is not some evidence, more or less marked, of a much more intimate
association between the lucid stars and the clustering orbs which
constitute the galaxy, than could be reasonably looked for as the
result of chance-distribution. Consider, for instance, that bright
light cloud between the brilliants which form the noble cross in
Oygnus ; and the equally marked galactic clustering near Aquila :
and note that this arrangement becomes the more significant when
we remark that the two clusters lie on different streams of the Milky
Way, which is double in this part of its course. Well worth noticing
also is the conformation of the galaxy where it traverses the festoon
of Perseus. But in the southern hemisphere there is a much more
marked agreement between the Via Lactea and the lucid orbs.
It
cannot be merely the result of accident that the double curve of
bright stars which forms the body and tail of Scorpio, should so
closely follow a most complicated portion of the Milky Way, that not
one of those stars should fall on a part of the heavens free from
milky light. Nor can it be accidental that the numerous turns and
windings of the Milky Way from Antares to Sirius should seem in
every case to be the result of attractive influences exerted by the
leading stars in its neighbourhood, insomuch that there is not a
single star of the first four magnitudes on any of the numerous
lacunæ which appear in this portion of the Milky Way. *
If we accept the evidence afforded by this peculiarity, we must
suppose that the streams of stars composing the Milky Way are
very much nearer to us than they have been assumed to be, and
therefore that they are composed of stars far inferior in brightness,
and also much more closely compacted, than those in the neighbourhood of the solar system.
The evidence afforded by the telescopic aspect of the galaxy
strikingly confirms this conclusion. I shall mention two phenomena
alone, as space will not permit me to deal with this part of my
subject at any great length. The first is a peculiarity which is
utterly inexplicable by the views ordinarily held—the fact, namely,
that in several instances tho Milky Way is observed to commence
quite suddenly, so that one half of the telescopic field of view will
be occupied with nebulous light or with closely aggregated stars,
while the other will be perfectly black—the line of demarcation
between the two portions being well defined. The second phenomenon to which I wish to call attention is yet more significant. In
* See the maps of the Milky Way in the " Intellectual Observer " for August, 1867.
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some instances,* there is seen in the field of view a sharply defined
projection from the Milky Way, the apex of the projection being
occupied by a lucid star. That such an association should be looked
on as accidental is more than I can believe.
Corresponding to the association between the Milky Way and
lucid stars is a phenomenon which falls hero to be considered. The
irregular nebulæ are objects differing altogether in character from all
other nebulæ. They cover a far larger space on the celestial vault,
even if we assume that their discovered dimensions afford any but
the roughest indication of their real extent. In reality, however,
since each increase of telescopic power increases the apparent
dimensions of these objects, we probably fall far short of the truth
in making such an assumption. Now as we have seen (see " Notes
on Nebulæ " in the STUDENT for March, 1868), these irregular nebulæ
are associated in the most singular manner with fixed stars in the
. same field of view. The wisps and sprays of nebulous light which
stream from the central convolutions of such nebulæ, correspond,
quite closely in many instances, with streams of small fixed stars.
In many of these nebulæ, also, there are streams of faint nebulosity
extending towards fixed stars, and acquiring a sudden brightness
around them. Now it seems to me that we cannot without utter
improbability consider such an arrangement as accidental. For
instance, if the bright stars e and c Orionis were wholly disconnected
with the great nebula in Orion, how enormous would be the antecedent improbability that these orbs should appear—as they do—
involved in strong nebulosity, connected by streams of faint
nebulosity with the great nebula. And, even if we assumed this
to be possibly due to the effects of chance-distribution, how should
we explain the fact that similar phenomena are observed in the
other irregular nebulæ, and notably in that mysterious object which
surrounds Eta Argûs, the most remarkable variable in the heavens.
Then, also, there is the significant fact that all the irregular
nebulæ fall on that very zone which is freest from ordinary nebulæ.f
* I write from memory, not haying by me the work in which these phenomena are
recorded—Herschel's " Results of Observations at tho Cape of Good Hope." My
impression is that he mentions several such instances ; one very remarkable case he
certainly mentions and illustrates with a figure.
t There is a notable exception to this law in the singular nebula 30 Doradûs, which
occurs within the greater Magellanic Cloud. This exception is more significant, if possible,
than the law itself, as will appear farther on. It is rather singular that Sir John Herschel
should speak of 30 Doradûs aa " unique even in the system to which it belongs," as if it
differed yet more markedly from objects not belonging to the Nubeculæ, whereas, so far as
one can judge from his own description and pictures, this nebula presents a striking
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And the only one which, though falling on this zone, does not
actually fall on the Milky Way, is the Orion nebula. This last fact
seems even more significant than the general association of the
irregular nebulæ with the Milky Way. For it seems to exhibit tho
brilliant array of stars in Canis Major and Orion, with which the
Orion nebula is associated (and around certain members of which it
actually clings), as in reality far more intimately associated with the
neighbouring stream of the Milky Way than the ordinarily accepted
views would allow us to suppose.
I pass over the association often observable between those
remarkable objects the double nebulæ and double stars, though the
phenomenon is sufficiently significant. But there is one other
well-established phenomenon which deserves attentive consideration.
Nebulæ have been observed to vary in light, or even to disappear.
Hind, d'Arrest, and Schmidt record many such instances. Are we
to suppose that whole galaxies of suns have suffered in this manner
total or partial extinction? Such a supposition is absolutely
incredible. Nor can I look on the alternative that some opaque or
semi-opaque substance has intervened between us and these objects
as having any reasonable claim to acceptance.
The phenomena I have been discussing seem to point to conclusions very different from those which have been usually accepted
respecting the visible universe. Instead of separating the stars and
nebulæ into distinct systems, or, rather, of looking on the stellar
system as a member of the system of nebulæ, we seem compelled
to look on almost every object visible even in the most powerful
telescope as a portion of one system, which comprises within its
range single, multiple, and clustering stars, irresolvable nebulæ,
gaseous bodies of symmetrical and unsymmetrical figure, and, in all
probability, myriads of other forms of matter as yet undetected.
It would be rash indeed to attempt to speculate on the processes by
which the visible universe has attained its present figure. But I
may venture so far as to point to the evidences which seem afforded
of processes of aggregation, leading—according to the position, and,
perhaps, of the character, of the masses acted upon—to the formation of suns of greater or less splendour and magnitude, of streams
and clusters of small stars, and of systems in which suns and stellar
resemblance (in its general character) to that which surrounds the star Eta Argûs. In
each there is a mass of irregular nebulosity surrounding a central condensation, within
which is a well-defined opening free from nebulous light : and the brightest star within
the confines of each nebula occurs on the brightest part of the nebula and close to the
vacancy.
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streams and clusters seem to be intermingled. These processes
seem to have led to an annular or spiral, rather than to a discshaped galaxy ; but large portions of the matter, originally distributed perhaps with comparative uniformity, appear to have escaped
the influence of these processes. Either because they have been
subjected to counteracting attractions, or through the influence of
the same principle which makes the centrifugal force near the poles
of a rotating globe less than that at the globe's equator, this portion
of the universe seems to have been free to form aggregations in
regions which lie near to what may be called the polar axis of the
galaxy. Nor need we wonder that these aggregations should differ
very much in character from those which prevail within the galactic
annulus, nor that within the former alone true nebulæ should be
found profusely distributed.
The only irregular nebula which has been examined with the
spectroscope—the great Orion nebula—shines with fight whose
source is mainly, if not wholly, gaseous. Lord Eosse states that
the stars visible in the nebula, when examined with his giant reflector, appear as red points of light upon a blueish-green background of nebulous light; and it is possible, or rather, probable,
that these points of fight proceed from bodies which are not gaseous.
But, however this may be, it is quite clear that there is in the Orion
nebula an enormous amount of gaseous matter, forming (it would
seem) a connected but irregular system, within which are involved
many fixed stars, and notably the second magnitude star e Orionis,
and the third magnitude star c Orionis. It seems fairly presumable
that the other irregular nebulæ consist in like manner of enormous
aggregations of the same luminous gas. The annular and planetary
nebulæ appear to be, without_exception, gaseous masses. Now, we
have seen that all the irregular nebulæ lie within, or close to, the
Milky Way. The same is the case with the annular nebulæ, and
by far the larger number of the planetary nebulæ.* The Dumbbell nebula, one of the most remarkable gaseous nebulæ in the
heavens, also lies on the Milky Way. We see, then, that the
gaseous masses revealed to us by the telescope show a marked tendency to aggregate along the galactic zone. Why this should be
the case, it would not be easy—in the present state of our knowledge—to determine ; but it is clearly not a phenomenon which need
surprise us when once we have accepted the conclusion that stars
* Of thirty-four planetary nebulæ recorded in the " General Catalogue," no less
than twenty-one lie within 15° of tho great circle centrally dividing the Via Lactea.
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and nebulæ form but a single system. I do not consider that, in
extra-galactic space, the luminous gas which constitutes the common
material of all the gaseous nebulæ (for the spectroscope reveals no
variety in this respect *) is in reality wanting. It probably exists,
but in a more dispersed form than in the galaxy. It is not a little
remarkable that the only comets yet examined with the spectroscope
exhibit (as respects the light from the nucleus) the same three lines
of light which form the spectrum of the gaseous nebulæ. Is it not
possible that, around some stars or systems of stars, comets are
much more thickly congregated than round our own sun ; and that,
in places, there may even exist systems of comets free from stellar
influences ? If we suppose the irregular nebulæ to result from the
former arrangement, the annular and planetary nebulæ from the
latter, we should be able to understand the permanence of the apparent figures of these objects, since the slow motions of comets in
the enormous orbits indicated by our hypothesis would not be
appreciable even in hundreds of years.
I cannot but think that there is some significance in the circumstance that so many temporary stars f have made their appearance
" in or close upon the borders of the Milky Way, and," as the
younger Herschel says, " only within the following semicircle, the
preceding semicircle having offered no example of the kind." May
there not be a connection between this peculiarity and the circumstance that so many of the more remarkable variables he near the
Milky Way ? I have already noted the association of Eta Argus
with a large irregular nebula. Betelgeux, in the neighbourhood of
tho Orion nebula, is another remarkable variable. Near the nebular
region of Cygnus there are also several variable stars.
The Magellanic Clouds remain to be briefly considered. Two
arguments have been made use of to show that these mysterious
objects are not connected with the galactic system :—First, they
contain forms of nebulæ not met with within the Milky Way ; and,
secondly, there are no traces of any streams of nebulous light leading from the Milky Way towards the Nubeculæ. Tho former
* Some of the gaseous nebulæ give a spectrum having one bright line ; others give a
three-line spectrum ; and there is one nebula the spectrum of which consists of four
lines. But it is presumable that these variations result only from variations in the intensity of the light of these nebulæ, since the bright lines occupy always the same
position.
t Sir John Herschel says, " all, without exception ;" but, since this was written, the
temporary star, which appeared in Corona in May, 1866, has formed an exception to the
rule we have referred to. It is probable that so-called temporary stars are in reality
merely variables of long period and fitful variability.
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argument presents no difficulty. It is, indeed, rather a confirmation
of our views that they afford an easy explanation of what had been
held to be a scarcely explicable phenomenon. That the processes of
aggregation in portions of space not falling within the galactic
annulus, should, in certain regions, lead to the exhibition of forms
seen within that region, can hardly be considered very wonderful.
But, in connection with the second argument, there is a circumstance which deserves to be carefully attended to. Herschel dwells
forcibly on the exceeding barrenness of the regions which immediately surround the Nubeculæ.
"The access to the Nubecula
Minor on all sides is through a desert," he says, in one place ; and,
among his notes on this district, we find such expressions as " a
miserably poor and barren region " ; " a region of utter barrenness " ; and so on. Now, this peculiarity, so far from confirming
Herschel's opinion that the Nubeculæ are disconnected with the
sidereal system, is directly opposed to it. One can understand the
phenomenon, if one looks on the Nubeculæ as aggregations formed
within regions of space belonging to the sidereal system—one would
almost expect that the neighbourhood of such regions should be deficient in splendour—drained of stars, so to speak. But, if the Nubeculæ
were really distinct systems far beyond the sidereal system, there
could be no reason for expecting that their neighbourhood should
be more barren than other portions of the sky—still less that it
should be oppressively barren. May we not go farther, and say that
there is no way of accounting for so remarkable a phenomenon, save
on some such hypothesis as we have presented ?
But this is not all. It has been well remarked by Sir John
Herschel, that the two Nubeculæ are so nearly circular as to render
the assumption that they are otherwise than globular in figure
utterly improbable. It follows, therefore, that the farthest part of
either globe is not much farther off proportionately than the nearest
part. Hence the Nubeculæ show us that "stars of the seventh and
eighth magnitude and irresolvable nebulæ may coexist within limits
of distance not differing more in proportion than as nine to ten/'
Surely this circumstance is of greater force than Sir John Herschel
seems to assume. He says that " it must inspire some degree of
caution in accepting as certain" the views ordinarily held respecting stars and nebulæ. To me the fact that stars and irresolvable
nebulæ appear intermixed in the Nubeculæ seems to afford decisive
evidence of the justice of the views which I have been induced
to accept on other grounds. In tho face of such evidence, the old
theories respecting the universe seem to become wholly untenable.
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THE LUNAR CRATERS ARISTARCHUS AND LINNÉ.
BY JOHN BROWNING, F.R.A.S.
(With a Tinted Plate.)

lunar craters Aristarchus and Herodotus are scarcely half the
diameter of Copernicus. Though small by comparison with other
craters, they possess features of extraordinary interest. The remarkable serpentine valley running south from Herodotus, and
starting from that crater, often spoken of as the dry river bed, is
probably, after the wedge-shaped valley of the Alps, the most
curious valley on the moon's surface.
In studying Aristarchus, the point to which I directed my
attention was its high reflective power. Several authorities, such
as Herschel I., Schròter, and the Rev. T. W. Webb, mention this
crater as " the most brilliant in the Moon." It seems to me
probable, however, that Linné may be more brilliant. Watching
the terminator pass over Aristarchus, I have thought that when
fully lighted up, the details became much more indistinct than those
of any other crater of considerable diameter under similar circumstances. The details of Copernicus, when fully illuminated, can be
well made out, with a moderately powerful telescope ; while in the
case of Aristarchus, the very form is so completely changed that it
can no longer be recognized. This leads to the suggestion that a
very high reflective power of the surface of the crater Linné, may
be the principal cause of the perplexing differences noticed in its
appearance when seen under different degrees of illumination. Of
course the indistinctness would be greatly increased by the very small
size of Linné when compared with Aristarchus. In addition to the
loss of definition under full illumination, caused by its high reflective
power, Aristarchus seems to alter its form under different angles of
illumination more than any other lunar crater, not excepting even
Linné.
Every observer of the smallest experience is aware of the
changed aspect of the lunar landscapes when viewed at different
periods of the Moon's age ; but, until lately, no one imagined that
a crater could undergo such a complete matamorphosis as is proved
to take place in Linnéj or as the drawings now given, show to
occur in the case of Aristarchus.
The drawings now engraved were made with my 12|-mch
silvered glass reflector, using powers of 143, 208, 306, and 455.
When I observed Linné the air was so unsteady that I could not
with the whole aperture gain any advantage by using a higher
THE
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power than 306. Having been made without any preparation, the
drawings were not done to scale, but one inch will correspond to
about fifty miles.
In the first drawing I., A, represents Aristarchus near the terminator ; the craters, being near the Moon's limb, are considerably
foreshortened east and west. To see this view with the best effect,
the engraving should be held with the left side, or that on which
the strong shadows appear, turned towards the source of light by
which it is illuminated. In Linné, on the same plate, the shadows
are necessarily reversed, because the drawing represents it when
seen on the evening terminator, that is, when the Sun is setting on
the objects near the terminator ; while the drawing of Aristarchus is
a view of the crater on the morning terminator, that is, when the
Sun is rising upon it.
In the second drawing, IL, A represents Aristarchus when fully
illuminated—that is, at full Moon.
The drawing marked I. is wanting in finish. The Moon was
neai'ly setting when I began it, and I was compelled to draw hurriedly to complete it. Mr. Dawes once expressed to me his mistrust
of any drawings that had been altered away from the telescope,
with a view to improve their appearance. As I share this feeling,
I prefer to have the view engraved just as it was made, to running
the risk of sacrificing truth, however slightly, to artistic appearance.
I believe the drawing is substantially correct, for Mr. Slack
kindly examined it at the telescope very carefully, on a succeeding
occasion, and stated that, in the main features, he could not suggest any alterations.
Of the accuracy of the view II., which shows the same craters
fully illuminated, I cannot feel so certain, for the glare of the Moon
in the 12-inch aperture so dazzled my eyes, that I could scarcely
see the white lines that I was making on almost white paper. Mr.
Barnes has, however, examined and described the crater Aristarchus, to which I particularly refer, with his 10-inch equatorial,
and his observations coincide with my own.
In the drawing I., it will be seen that Aristarchus, which is to
the left, is a large, well-defined crater, nearly oval in form, having
walled sides like terraces, and two peaks in the centre. Between
Aristarchus and Herodotus there is a raised plateau equal to the
width of either of these craters.
In the drawing II., Aristarchus appears only as a nebulous
patch of enormously increased diameter, and of a totally different
form. From the central peaks, bright lines, like the ridges of
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hills, reach as far as Herodotus, to the side of which Aristarchus
now appears to extend.
An exceedingly bright nebulous spot below the valley to the
left, deserves to be noted.
The three small drawings on Plato I., lettered a, b, c, show
Linné as seen on the evening terminator. The following description of these drawings is taken from my observatory note-book :—
Sept. 8, 1.30 A.M.—Saw Linné very distinctly as a crater, elongated N. and S. The N. part of the crater the narrowest. The
evening terminator crossing Bessel. These remarks refer to tho
drawing marked a. Bye-piece used, positive achromatic, power
208.
2.15 A.M.—The wall of the crater appears nearly perpendicular on
the W.
3 A.M. — The small crater is seen to be in the centre of a
shallow cup, about four or five times its own diameter.
See
drawing b. Eye-piece same kind, power 306.
4 A.M.—A white nebulous line, resembling steam, appears to
start from the mouth of the crater, and is continued in the form of
a scythe, with the blade directed towards the W. At 4.15 this line
was much fainter, and at 4.30 it was no longer visible. As this
appearance only presented itself for about ten minutes, I have little
doubt that it was an optical illusion, caused by a small cloud in our
atmosphere, moisture in front of the pupil of the eye, or some cause
undivined quite independent of the object. During the time the
appearance lasted I changed the eye-piece and rotated the drawertube, which carried the eye-pieces. As neither of these proceedings
affected the appearance, it could not have been a ghost, caused by
reflection from the surface of. one of the lenses in the eye-piece.
The drawing marked d, on Plate II, shows Linné as it appears
when the part of the Moon where it is situated is fully illuminated.
In the centre of the nebulous white patch, which is all that is
mostly seen of Linné, when fully illuminated I can, sometimes, see
a brighter spot. Mr. Birt has suggested that this is probably one
wall of the crater highly illuminated. In this opinion I coincide.
When the terminator has passed Linné by several degrees,
nothing can be seen but an exceedingly bright nebulous spot, occupying the place of the crater, but of three or four times the diameter,
as shown in the drawing e.
Attempts have been made to explain the change in the appearance of Linné under different angles of illumination, by supposing
that the ground surrounding it is of peculiar conformation. Some-
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bills, reach as far as Herodotus, to the side of which Aristarchus
now appears to extend.
An exceedingly bright nebulous spot below the valley to the
left, deserves to be noted.
The three small drawing on Plate L, lettered a, b, o, show
Linné as seen on the evening terminator. The following description of these drawings is taken from my obeerratory note-book ;—
Sept. 8, 1.30

—Saw

A.M.

Linné very distinctly as a crater, elon-

gated N. and S. The N. part of the crater the narrowoat. The
evening terminator crossing Bessel. These remarks refer to the
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was much fainter, and at 4.96 it was no longer visible. As this
appearance only presented itself for about ten minutes, I have little
doubt that it was an optical-illusion, caused by a small cloud in,our
atmosphere, moisture in front of the pupil of the eye, or some cause
undivined quite independent of the object.
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tiling is certainly due to this cause, but it cannot be accepted as a
complete explanation of the phenomena/for the details of craters of
smaller sizes and similar conformation far removed from the terminator can often be distinctly made out after Linné, though mueli
nearer to the terminator has become a nebulous spot.
The surface may resemble broken quartz. In such a case the
details would be lost with a very low angle of illumination.
Tho question of the supposed change in Linné has been so ably
treated in the pages of the " Intellectual Observer " and THE
STUDENT by Mr. Birt, and the Rev. T. W. Webb, that I shall confine
my remarks to a very brief résumé of the subject.
In Beer and Madler's map, Linné is figured as a small, wellmarked circular crater.
Schmidt of Athens, having failed in finding this crater, concluded
that it must have been filled up by volcanic action. This opinion
gained ground in England after several well-known observers had
looked for the crater in vain.
When my attention was first directed to the supposed change in
Linné, I certainly was among the number of those who thought that
some change had taken place. This idea was strengthened by
several observations I made of Linné when at some distance from
the morning terminator.
Since then, however, Mr. Huggins has drawn attention to a description of Linné by Schroter, which plainly shows that the crater
was not at that time a well-marked object. Schroter says it is " a
somewhat doubtful depression (crater), which appears as a very
small round white spot." Schmidt seeing only this much, suspected
change. The drawings of Messrs. Huggins, Joynson, Williams, and
Carpenter, exhibit a crater in a depression. On one occasion, Mr.
Huggins very carefully measured the small crater, and found it l"-7,
in diameter, including the bright rim. On another occasion, Messrs.
Huggins and Birt found the low distant rim surrounding the crater,
which I believe corresponds to the edge of the shallow cup in my
drawing b, Plate I., measured 7".
Drawings have been made representing a section of Linné, which
show the edge of the crater on a level with the surrounding surface.
As both Mr. Webb and myself have seen a distinct shadow outside
the ring-wall, the edge of the crater must be above the surface.
When Linné is near the terminator, a crater similar in appearance to that represented on Beer and Miidler's map may always bo
observed.
Several observers have seen it with four inch achromatics of good
VOL. III.—NO. III.
o
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quality. I have seen the crater myself with a very fine four-and-ahalf inch reflector of Mr. With's figuring, and to a six-and-a-half
reflector it is a comparatively easy object.
Having such evidence before us, there is, I think, scarcely any
ground for supposing that any change has occurred in this small, but
celebrated crater. Should this eventually prove to be the case, the
time that has been given to this matter has not therefore, been lost.
Attentive examination of this minute object has made us acquainted
with peculiarities of the reflecting power of portions of the Moon's
surface, which may, ultimately, lead to some more exact knowledge
of the character of the surface of our most interesting, because most
perplexing, satellite.*

WOMANKIND :
IS ALL AGES OF WESTERN EUROPE.
BY THOMAS WRIGHT,

E.S.A.

CHAPTER XII.
WOMANKIND DT THE FEUDAL CASTLE (Concluded)—"WOMAN'S DRESS.

feudalism came in that system of ever-varying fashions in
dress and costume, which has been continued to our own times. In
the olden time, the forms of dress had not been subjected to capricious changes, but they were distinguished, according to the rank
and position of the wearers, chiefly by the quality of the materials
and by the richness of their jewellery. But with feudalism came
new classes of feelings and sentiments. All that part of society
which came under the description of knightly, was in principle
equal, although the pride of individual distinction had neyer perhaps
existed to a greater extent. The knight, when on service, which
was the case during the greater part of his time, bore his badge of
personality on his shield, or on his helmet. Now that feudalism
had brought Womankind into a much more prominent and important
position in society, she required also some outward mark of her
personal rank and importance, and sought it in the richness or form,
of her dress. It is the usual case, in uncivilized or only partially
civilized society, that the man lays the work upon the woman, and

WITH

* In an admirable photograph of the Moon, by Mr. David Gill of Aberdeen, the
craters Aristarchus and Linné, though not far from the terminator, have a nebulous look,
and appear united; yet in the serpentine valley below them, the lights and shadows are
distinctly marked almost as strongly as on Fig. I. in the Plate.
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assumes the right of displaying pride and vanity to himself. This
feeling we have seen to exist to a great degree in society in Western
Europe previous to the feudal period ; and it must be acknowledged
that, in the earlier developments of the love of extravagance in
dress, the feudal ladies only followed the example set them by the
other sex. The satirical writers and the religious preachers of the
eleventh and twelfth centuries were far louder in their outcries
against the extravagant finery of the knights and esquires than
against that of the ladies and damoiselles, and, to judge from some
of their descriptions, not without reason. The different form of
society, too, gave to both sexes far more frequent and more exciting
occasions for exhibiting this kind of pride. The dull indoor amusements, the heavy eating of the dinner-table, the drinking which
followed, the games in which the men almost exclusively partook,
had given place to the more brilliant gaiety of the castle, to the
carole, and above all to the tournament.
It appears that this love of new fashions and extravagance in
dress, had risen to a great height at the close of the twelfth century,
and the protest against it, in contemporary writers, goes on increasing during the three centuries which followed. Jean de Meung, the
second writer of the "Roman de la Rose," who flourished in the
reign of Philippe le Bel, the latter part of the thirteenth century,,
gives a rather striking description of the manner in which the ladies
decked themselves out, when they " went to the caroles, or to the
other gay assemblies.'''
—Quant vous alés as karoles,
Ou à vos assemblées foles.
Roman de la Rose, 1. 10,009.

Not long after the middle of the fourteenth century, the knight
of La Tour-Landry, in his Book," tells his daughters, for their
instruction on this subject, a curious anecdote, as a warning against
being too ready to adopt new-fangled fashions, and especially
those of other countries. A noble baroness of the duchy of
Guienne one day addressed the lord of Beaumanoir, and said, " I
come from Britany, and I have seen my cousin, your wife, who is
not so arrayed, nor her dress made of such materials, as the ladies
of Guienne, and of many other places; for the borders of their
robes and head-dresses are not so large or of the fashion which
is now in vogue."* The knight replied, " My lady, since she is not
* The English translator of the knight's book, something less than a century afterwards, found a difficulty in representing here the words of the original relating to
costume ; his translation is, " For her hodes, taylles, and sieves be not furred ynowgh
after the shape that, rennithe now." « The Booke of the Knight of La TourLandry."— p. 30.
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arrayed in your fashion and like you, and her borders seem to you
small, and you blame me for it, know that you shall blame me for
it no longer ; for I will make her more elegant (cointe) and as well
arrayed in noble ornaments of the new fashion, as you or any of the
others, for you and they have only the half of your bodies {corsés),
and your hoods (chapperons) lined with vair and with ermine, and I
will do still better, for I will have her dresses and hoods lined on the
other side, the hair outward, and so she shall be better furred and
lined than you or the others."* The knight then goes on to complain that these new guises had been borrowed from the English,
and that they had been first adopted by the disreputable women
who followed the camp—that they were the first who figured in the
great purfiles and corsage, slit at the sides and " lès floutans" (car ce
furent celles qui premièrement admencrent cest estât an Bretaingne des
grans pourfilz et des corses fendus ès costez et lès floutans). The reader
of Chaucer knows how, a little later on in the century, the "persone"
in the Canterbury Tales, inveighs against tthe wild extravagance of
contemporary fashions in dress.
The great variety of stuffs and materials for dress which are
mentioned as existing in the twelfth century, is a proof not only of
the extensive usage which was made of them, but of the consequent
activity in the different branches of their manufacture ; and there is
also abundant evidence, that during this period a great variety of
fashions sprung into existence, not in the articles of dress, for they
seem to have remained permanently the same, but in their forms
and makç.
Towards the close of the century the complaint
against this extravagance in both sexes became greater, and it
went on increasing during the century following. We must not,
however, suppose, with most of our popular writers on the history
of costume, that there was quite a uniformity in this change of the
fashions of dress, or that at any particular date the costume was
■everywhere the same. On the contrary, there was no law of fashion,
but each high dame seems, to a certain degree, to have chosen her
fashion for herself, although at any particular period a certain
* The English version, quoted in the last note, gives this as follows, " Sethe she nys
not arrayed on youre gise, and that ye thenke her array and her furre to litelle, and
that ye blame me for it, forsothe ye shall have no more cause to blame me, for y wolle
make arraye her as nobly as ani of you alle, and as queintly ; for ye have but half youre
hodes and cotes furred with ermyn or menever, and y wol do beter to her, for y wolle
furre her gowne, colères, sieves, and cotes, the here outwarde ; thus she shalle be beter
purfiled and furred thanne other ladies and gentille women." It is evident that a change
had taken place in the details of the costume between the period at which this book was
written, and that at which it was translated into English.
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general character prevailed. This is easily understood. The whole
extent of feudalism formed, in some respects, one great domain, in
which each feudal castle was a sort of little state, complete in
itself. The communication between the different castles was not
frequent, or rapid, especially among the females of the household,
and less so if far apart, and it was only at times that the lady of the
castle presented herself at the "royal court." The articles of dress of
the feudal ladies, in each great castle, were usually made within the
household, according to a general form, but the higher ladies sought
to show their superiority always by the superiority of the material,
but sometimes also by some variation of form, which would of course
soon be imitated by others. When the lady of the castle went to the
king's court, she saw there similar variations, or peculiarities, in dress,
perhaps on a much more striking scale, and she eagerly carried them
home with her to introduce them into her own lesser court. But every
lady did not necessarily adopt this same fashion, which probably
consisted chiefly in the higher value of the materials, and was only,
therefore, within reach of a few. The increasing extravagance of the
ladies' costume, of which the clergy especially complained, consisted
of the spreading eagerness of women of lower rank and position, to
spend far beyond their means in rivalling the costly dresses of the
great ladies of the court. At all periods we find a great variety of
ladies' costume existing contemporaneously, as every one knows who
has carefully compared the illuminated manuscripts ; but, from one
time to another, some special novelty in the style of dress was more
extravagant or became more the rage than usual, and thus marked
a period in tho history of fashion.
Our information on the different articles of dress worn by the
ladies in the twelfth and thirteenth centuries, is sufficiently exact.
The first was the chemise (camisia), which was called in English, as
far back as the fourteenth century, a shirt, and was worn next the
skin. The collar of the chemise was allowed to pass the rest of the
dress, and was sometimes turned down. It appears to have been
usually plaited; and dandies of either sex seem to have prided
themselves upon the neatness with which it was arranged. Over
the chemise was 'worn the cote, a long tunic with sleeves fitting
close, which were the only part of it visible, as the rest was covered
by the surcote, or super-tunic, worn over it, as its name indicates.
The surcote was, perhaps, the most important article of the dress.
It was sometimes without sleeves, sometimes with half sleeves which
descended a little below the elbow, and sometimes with false sleeves,
which fell over the back. Under Philippe le Hardi, in the latter
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half of the thirteenth century, the cote and the surcote were made of
very rich materials, and of brilliant colours, and it was customary to
embroider them in silver and gold with the arms of the wearer, if
she were a person of distinction. A coto of cloth of gold well
shaped—

gold and silver. The ladies had also a veil, which descended from
the summit of the head to the shoulder, and left but a small portion
of the hair uncovered.
Gloves were in- common use at this time, and were made of
different materials—sometimes of sheep's leather, ab others of kid,
and at others of " vair" and of " gris/' and of such rich materials.
They were generally formed to cover the wrist. In the Middle
Ages it was the height of ill-manners to keep the gloves on the hand
during visits, or in soirees, or in balls, or in the presence of great
people, and when two persons met in the public road, they drew off
their gloves before touching hands. To omit this would be looked upon
as nothing less than a personal insult. Shoes also, though usually
made of leather, were sometimes made of other materials, though
they do not appear to have differed much in form. The old writers
speak especially of two descriptions of shoes in use among the
mediæval ladies, which they call escarpins and esticaus. The latter
were apparently low shoes for undress and common use. In the
romance of " Garin le Lohcrain," a lady is made to leave her
chamber in grief and negligently dressed :—

Cote de drap d'or bien taillé—

was part of the dress of Blonde of Oxford, in the romance, which
carries us back to the thirteenth century. Over these was thrown
the mantle, which seems to have been known at times by the name
of the material of which it was made, especially when that name was
more than usually precious or rare. Thus in the thirteenth century
it was sometimes called a siglaton, this being the name of a very
precious stuff brought from the east ; and in the twelfth century it
was called a cape, a word said to be derived from the Latin cajpella,
a goat, because it was made of the hair of that animal. The bliault
was another outer garment, perhaps more complete than the mantle.
We have seen in a former chapter (STUDENT, vol. ii., p. 300), a young
lady leaving her bed, and descending, dressed only in a bliault, to bid
farewell to her lover, and we have there given a picture of the lady in
this costume. It must be understood that at this time it was the
custom, with both sexes, to lay in bed at night perfectly naked.
The text of the " Eoman de la Violette," in which this incident
occurs, is of the thirteenth century, but unfortunately the illuminated manuscript of the romance, from which our picture is taken,
is only of the fifteenth, though probably the character of the bliault
had undergone little change. We see'in a little nouvelette of the
same thirteenth century, that of " Aucassin et Nicolette," the fair
damsel Nicolette rising from her bed and making her escape from
her chamber in the same simple disguise—ele se leva, si vesti un
bliault de drap de soie que ele avoit molt bon.
The dressing of the head was perhaps the most important part
of the fashionable costume of this period, and performed a great
part in its changes. One of the great fashions of the latter half of
the twelfth century was the chapel de paon, a crown or hat ornamented
with embroidery, and surmounted by a peacock's feather. Embroidery of gold and pearls, which was now much employed on the robes
of silk and velvet, was also used largely in the coiffure of ladies of
rank and beauty. The tresson, or treceour, was an ornamental fillet
or wreath, answering to the benda of Provence and Italy, employed to bind in the hair ; and among other principal articles of
the head dress of ladies of rank were the couvrechefs, usually made
of silk tissue, the wimple (guimple) also of silk, and the circlet of
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Tote dolente hors de sa chambre esi,

AU full os grief she issued from her cham-

Desafublie, chaució en escharpins,
Sor ses espoles li gisoient li crins.

ber,
In undress, shoed with escarpins,
Her hair lay scattered over her shoulders.

The estival (in Latin œstivalis) was a sort of buskin, often
ornamented with ermine or fur, and worn by ladies when affecting
elegance of dress.
One of the most important parts of the lady's dress was her
girdle, which was buckled round her waist, and was often made of
very rich materials.
The beauty of the girdle was considered
especially as a mark of dignity, and was attached to married
ladies. To it was suspended the aumônière, or purse, and the
keys, the especial signs of the matron's authority.
Until the
fourteenth century, illuminated manuscripts, except of the church
books, are not very numerous, and we get few pictorial illustrations
of the details of female costume. . For the earlier part of the thirteenth century we may rejoice in the preservation of the sculptures
of two queens of England—Berengaria, the queen of Eichard
Cœur-de-Lion, and Isabel of Angoulême, the third and last wife of
King John, and mother of Henry III. Both, which are represented
in the accompanying cut, are sculptures of the reign of the last of
these monarchs. The latter is at Fontevraud in Anjou ; and the
former was preserved in the abbey of l'Espan, near Mans. They
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are good examples of the ordinary dress of the lady of rank of this
period. The garment enclosing the body is the surcote, or outer
tunic, but the camise or chemise, is open above round the neck.
The mantle hangs loose, and in the case of Queen Isabel both surcote

QUEENS E-EKENGAKIA AND ISABEL.

and mantle have embroidered borders. The fermails, or brooches,
at the neck, are both of gold, and that of Berengaria is especially
large and rich. Queen Berengaria has also her aumônière attached
to her girdle.
This latter article of dress, the girdle, still held its importance, and
it was looked upon as a great act of presumption in women of the lower
or less reputable classes of society to wear it. It is related of Queen
Blanche, the mother of St. Louis, that, one day at church, having
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received from the priest the kiss of peace, she passed it on, as was the
custom, to a woman by her side, richly clad, and whose respectability
seemed to be assured by the beauty of her girdle. She was informed
afterwards that this women was a prostitute, and, greatly disgusted
at having come in contact with such a person, she made an order—
it was during her regency—forbidding in future females of
that class from wearing the girdle used by honest women. For
a similar reason, more than half a century before, Louis VII.
forbade women of this description from appearing in the cape, already
described. The order of Queen Blanche was renewed by subsequent
monarchs [down to a comparatively late period, and it, or perhaps
rather the sentiment it reveals, is understood to have given rise to
the old French proverb, Bonne renommée vaut mieux que ceinture
dorée, good repute is worth more than a gilded girdle.
This eagerness of the women of the lower class to imitate the
dress and extravagance of those of higher rank was that which most
provoked the indignation of the moralists, and especially of the
clergy, and it appears to have gone on increasing during the whole
of the thirteenth century. At length, in the reign of Philippe le Bel,
the expostulations of the Church became so pressing that that
monarch passed, in 1292, a law regulating the number of the dresses
and the value of the materials of which they were to be made for
each different class of society. It was the first of the sumptuary
laws, and was followed at different times by many others. The provisions of this law are curious enough : neither man nor woman of
the bourgeoise was to wear vair, nor gris, nor ermines, nor were
they allowed to wear gold, or precious stones, or crowns of gold or
silver. The ladies of dukes, of earls, or of barons of six thousand
livres of land or more, might make four robes a year, and no more.
The same regulation applied to the other sex. Knights, and of
course their ladies, were allowed two robes a year, either by gift, or
purchase, or otherwise. ìso damoiselle, unless she were a chatelaine,
or a lady of two thousand livres of land, was to have more than one
robe a year. Limits were also placed on the value of the materials.
The wives of barons were not to have a robe of material worth more
according to the value in Paris than twenty-five sols tournois a yard ;
the wives of bannerets and châtelains were limited to eighteen sols
a yard ; and the wives of bourgeois of the worth of two thousand
livres tournois or more, were limited to sixteen sols the yard; and
the poorer class to twelve sols. As may be supposed, a law like this
was very ineffective, and extravagance in dress went on increasing
instead of decreasing.
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It was in the head attire that extravagance in form began to
show itself. During the twelfth and thirteenth centuries the
arrangement of the head-dress appears to have depended very much
on the caprice of the individual, at least as to the combinations of
the objects of which it consisted, the principal of which have been
already described. One of them was the capele, or chapelet, a circlet
which surrounded the head and held in the hair. Blonde of Oxford,
at her marriage, was clothed in a capelet of cloth of gold, with a
mantle from the neck, the tassels of which were worth fourteen
marks.
Uns capeles ses chevex tient,
Qui ert dc sin or reluisant.
Un fremal eut el pis devant,
De chiaus qu'el aporté, avoit,

A chaplet held her hair,
Which was of fine glittering gold.
She had afcrmail (brooch) her breast before,
;
One of those which she had brought with
her,
Li rois nul plus rice n'avoit.
The king did not possess one more rich.
Ele eut aumoniere et cainture,
She had aumônière and girdle,
Entant comme li siècles dure
.As long as the world lasts
No fust sa pareille trouvóe.
Ils equal may not be found.
Romance of Blonde of Oxford, p. 1G2.

Towards the end of the thirteenth century, it became the fashion
to arrange the hair on the head in a more prominent and bulky form,
projecting above the ears on each side, and upon tho two bosses
thus formed, the veil or couvrechef was suspended. To produce this
effect, more hair was frequently needed than the head itself produced,
and to supply this want, false hair was employed. This false hair
was called the atours, which were sometimes made in the most singular shapes. Early in the fourteenth century these atours had
assumed the form of two horns, and became an object of great
indignation to the religious part of the community. Jean de Meung,
the continuator of the "Koman de la Kose," which was completed
in the earlier part of the fourteenth, sneers at these horned headdresses, when he says of the other sex,—
Sus ses oreilles port tex cornes
Que cers, ne bues, ne unicornes,
S'il se dévoient effronter,
Ne puit ses cornes surmonter.

Over her ears she carries such horns
That stag, or ox, or unicorn,
If they had to face her,
Could not overcome her horns.

And the same writer speaks of the woman's iChorns" at a later
period, in his "Testament." An anonymous satirist of the earlier
years of the fourteenth century has left us a song against these
" cornettes/' as he calls them, in which he tells us how the Archbishop of Paris raised his voice against the foil}' of the woman—
. Qui forro son chief et se farde
Por plere au monde.

Who puts false hair on her head and paints
herself
To please the world.

WOMANKIND IN THE FEUDAL CASTLE.

203

The women who adopted such fashions are compared by the satirist
to dumb beasts, and he tells us how the prelate had promised a
reward to all who would treat them with open derision.
Et commande par aatie
Que chascum " hurte, belin," die.
Trop i tardon
" Hurte, belin," por le pardon.
Se des fames ne nous gardon,
Ocis serornmes.
Cornes ont por tuer les hommes.
D'autrui cheveus portent granz sommes
Desus lor testc.

And he commands, in scorn of them,
That every one cry out, " Push, ram."
We are too slow to cry,
"Push, ram," for the pardon.
If we are not on^ our guard against the
women,
We shall bo slain.
They have horns to kill the men.
They carry great masses of other people's
hair
Upon their head.

After a little more satire on the vanity of the ladies' costume, the
writer continues,—
L'evesque l'a aperecu ;
Si no s'en puet cstro teu,
Ainz en sermone,
Et a toz cels x jors pardone,
Que crieront à tel personne,
" Hurte, belin."

The bishop has perceived it ;
And he could not keep silence,
But he preaches about it,
And he gives ten days pardon to all those,
"Who will cry out at such a person,
" Push, ram !"

The horns, he says, were made of hemp or flax,—
Foi que je doi saint Mathelin,
De chanvre ouvré ou de lin
Se font cornues.

By the faith I owe St. Mathurin,
With worked hemp or flax
They make themselves horned.

The practice of painting the face is one of great antiquity, and
was indulged in by the ladies of the Middle Ages largely, both before
and after the establishment of feudalism. A short poem of the
thirteenth century, which introduces tho mercier, or dealer in small
wares, enumerating the articles he has for sale, gives the following
curious list of the objects employed by the lady at her toilette at that
period (it is not always easy to explain them in modern language),—
Si ai tot l'apareillement
Dont feme fait formement,
Easoers, forces, guignoeres,
Escuretes et furgoeres,
Et bendeax et crespiseors,
Traineax, pignes, mireors,
Eve rose dont se forbissent ;
J'ai quoton dont els se rougissent ;
J'ai blanchet dont els se font blanches.

I have also all the utensils
Which a woman uses at her toilette,
Basors, forceps, looking-glasses,
Tooth-brushes and tooth-picks,
And bandeaus, and crisping-irons,
Traineaux, combs, mirrors,
And rose-water with which they furbish
themselves ;
I have cotton with which they rouge ;
I havo whitening with which they whiten
themselves.

Neither bishop's sermon nor poet's satire appears to have had
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muck effect in moderating the love of the ladies for horns, which
seems to have continued during the whole of this century, and into
the next. The knight of La Tour-Landry, writing in 1371 or 1372,
tells us similarly of a holy bishop in his time who preached against
the horned head-dresses of the ladies, when there was present a
great crowd of ladies and damoiselles in what was then the new
fashion, et cstoient bien branchues et avoient grans cornes. He told
them that Noah's flood was brought on by similar vanities, and that
he had no doubt that the demon made his ordinary seat between
the woman's horns. In spite, however, of all this outcry and satire,
the horns survived, or at least many of the ladies of fashion continued to wear them, and at the beginning of the fifteenth century
they seem to have been carried to a greater extravagance than ever.
The chronicler Juvenal des Ursins says that, in 1417, "the ladies
and damoiselles of the queen's household displayed great and excessive pride, and wore horns wonderfully high and broad, and had on
each side, instead of pads, two great ears, so large that when they
had to pass through the door of the chamber, they were obliged to
turn sideways and stoop, or they
could not have passed. The anger
of the more zealous portion of
the clergy was again roused, and
fierce were the onslaughts upon
the horns.
That, however, there were,
during all this period, other and
simpler head-dresses in vogue
besides the horns is evident from
the illuminations of contemporary manuscripts. The accompanying cut is taken from an
illumination in a manuscript of
the "Chronicles of St. Denis,"
in the British Museum (MS. Reg.
20, C. VIL, sol. 10, v°.), which
represents the marriage of King
Philippe le Hardi of France with
Marie de Brabant, from which I
QUEEN AND HER LADIES.
have given here the figures of the
queen and her two ladies of honour. The manuscript belongs to
the close of the fourteenth or to the beginning of the fifteenth century, and no doubt represents some of the ordinary head-dresses of
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that period. The next cut is of a rather later date, taken from a
manuscript of the romance of King Pontus, and similarly represents
the Princess Sidoine, and her damoiselles. A ship has brought her,
as presents from Pontus, some of the principal articles of a fashionable lady's attire, including " crowns, or circlets, of gold and

KING PONTUS SENDS PRESENTS TO THE FATE SIDOINE.

chaplets, girdles, aumônières of pearls, of gold, and of purple, of
psnnes, of vair and of gris, and of ermines, that it was a great
wonder to see." The princess wears one form of the horned
head-dress.
During the whole of the fourteenth century we meet with frequent complaints of the increasing extravagance in dress. The
fashions became more varied and capricious, and the fineness of the
material increased and came nearer to perfection. A great number
of new stuffs are mentioned during this century, but I will not
undertake here to describe or enumerate them. The bliault, which
still continued in use with both sexes, appears now to have been
furred. The general dress continued to be much the same, but one
new article of dress was added in the course of the century under
the name of a gamaclie, in the form of a long mantle, with a slit
at the side. This, too, like nearly all the other articles of dress, were
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worn under the same name by both sexes. In 1351, the King of
France had garnaches of red velvet, and others of white velvet with
sleeves doubled with ermine. Another new dress, introduced
towards the latter part of the century, was called a rondeau, and is
better known by the name of a cote-hardie. It was a habit fitting
close, reaching only down to the haunches, and buttoned down the
breast. Some of the ladies wore over this a very wide mantle,
which descended to the ground, and trailed to some distance behind.
Ladies of noble birth now adopted the fashion of having the family
arms depicted on the cloth of their tunics, the usual custom being
to carry tho arms of the families mvparti, the husband's on the one
side and the wife's on the other. Our next cut represents a noble

MAKGUE1UTE DJi CXI880N.

lady of the close of the fourteenth century, taken from a miniature
in a manuscript in the " Bibliothèque Impériale " in Paris (Suppl.
Lat., No. 1222). It is believed to represent Marguerite de Clisson,
who was married on the 20th of January, 1387, to Jean de Châtillon,
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a nobleman who acted a prominent part in the history of Britany at
that period; and the volume with its miniature, which is a book of
prayers, is supposed to have been made at the date just mentioned,
on occasion of the marriage. Marguerite de Clisson wears the
rondeau or cote-hardie.
Under Charles VI., towards the end of the century, we begin to
hear new and louder erics against the strange fashions affected by
the ladies, who are now accused of transgressing decency in various
ways, and especially by leaving bare their shoulders and breasts,
and even their legs and more of their sides than was to be approved.
At the same time there was a general increase in coquetry, and it
became the custom to carry perfumes in tho dress, and the use of
paint had become very general. Against the latter, the clergy were
especially indignant. Gloves, girdles, and a profusion of jewellery,
began also to be greatly affected by all classes. Among people of
fashion, the houppelande, which was the most outwardly apparent
part of the dress, was covered most profusely with ornaments,
jewellery, and also with devices and mottoes.
The opening of the fifteenth century found France and Western
Europe generally, in a melancholy condition, the consequence of
long continued misrule, and war, and misfortunes, which had impoverished the people and ruined their industry. Luxury had found
a refuge at the Court of Burgundy, and it was from Flanders
especially that the pride of Western Europe expected its revival.
For a while there was little movement in fashions, but when it
began to recover, it became more showy and dashing than ever. A
great development displayed itself early in the new century, and
was naturally attended with a similar increase of riches, which was
more equally spread than formerly ; and thus the richer stuffs and
materials came into wider and more general use. Even the gallantry
of the men took a gayer turn, and the male costume was almost
more extravagant and varied in forms than that of the other sex.
The " elegants " of the day covered themselves with embroidery and
fine needlework, and they wore scarfs and chaplets, under the
name of ladies' favours. The general character of the costume, of
the latter differed very much, and their dresses were sometimes
inmoderately long, and at others equally short.
The dress of the ladies had itself undergone some change. The
old surcote, which had still been the fashion of the age of Charles V.,
continued to be the ceremonial dress of ladies of quality, but they
only appeared in it on very solemn occasions, and Avere represented
in it in the effigies on their tombs. The robe and houppelande were

20S

WOMANKIND.

the more usual articles of female apparel in the age of Charles VI.
The latter, instead of being closed behind as with the men, was now
closed before. The girdle, too, was taken from the surcote, and
placed over the houppelande, and it was raised higher up to the
breast, so as to give the ladies very short waists. The tails of the
dress were made extravagantly long, and trailed through dust and
dirt, to the great disgust, especially, of the clergy, who attacked the
enormous tails of the ladies continually, and one of them has left us
in his Latin, the following story. It is very edifying according to
the ideas of the time. " I have heard," he says, " of a certain woman
who dragged white garments behind her on the ground, and leaving
her tracks behind her, raised the dust up to the altar and up to the
image of the crucifix." (It is evident that the church must have
been ill swept.) " But when she went out of the church, and
lifted her tail up on account of the mud, a certain holy man saw a
devil laughing, and adjured him to tell why he laughed. And ho
said, 'Because my fellow was just now sitting on the tail of that
woman, and used it as his chariot ; but when the woman raised up
her tail, my fellow was thrown off tbe tail, and fell into the mud;
and that is the reason why I laughed.' "* Devils were common
about the world in those days of Catholicism.
According to Monstrelet, about the year 1467, the ladies and
damoiselles abandoned these long tails, but instead of them they
wore. borders and trimmings of great extravagance, with much
broader girdles. Under Charles VIII., who ascended the throne of
France in 1483, the ladies began to seek more to show the natural
form of their body, and wore close-fitting corsages, with shortened
jtipes, so as to show the lower part of their legs and feet, but the
extravagance in jewellery increased rather than otherwise, and, above
all, the use of paint for the face became more general than ever.
The horned head-dress of the previous century continued for
sometime into the fifteenth, and the exact period of its disappearance is hardly known. There is a " dite " of honest, rather than
poetic, John Lydgate, composed sometime in the earlier half of the
fifteenth century, in which he attacks , the horned head-dresses of
ladies, and advises them to cast them away.-f. The satire of this
poem is very mild, which, perhaps, might be expected from the
circumstance that it is addressed to a royal princess, who is
exhorted,—
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The lady's pair of horns certainly passed away about this time.
But in their place there arose upon the heads of the ladies a horned
head-dress of a new fashion and still greater extravagance. "We
learn from the old French chroniclers that about the year 1428
there came into fashion a cap in the form of a single horn,
raised on a form of latten or pasteboard, and trimmed with very
fine linen.
They called this curious head-covering a hennin.
It became suddenly the great fashion of the day, and it has
been seen in several of the illustrations to our former chapters.
The hennin rose from tho head, leaning a little backward, to a
height of sometimes nearly two feet, diminishing towards a
point, and ending a little variously, but always furnished with a
quantity of fine linen and gauze, which fell backward like a veil,
and then turned back in horns upon the ears, forming a sort of dome
over the top, and advancing like a large sheet of paper spread over
the face. The ladies of the day are represented as absolutely
running mad after theso hennins, and of course the preachers
set their face against them with the utmost zeal. They went so far
that they promised at least a spiritual reward to all boys and girls
who would shout after them in the open streets, and cry, "Au
hennin ! au hennin !" And this appears to have been executed so
effectively, that the objectionable costume was at length driven out
of fashion. Tho ladies then went to another extreme, and wore
little flat hats, covered outside with skin or leather spotted black
and blue. Our coloured plate to the present chapter, which will be
given with the next number of THE STUDENT, represents the lady's
head-dress of the latter part of the fifteenth century ; it is taken
from one of the illuminations in the well-known manuscript of the
" Eoman do la Eose " in the British Museum. The lady is dame
Nature dispatching Genius, her messenger, to the Court of Love.
Besides theso extravagances, the head-dresses of the ladies
underwent many changes in the fifteenth century. It was customary
not only to wear the hair long, but to carry a great bulk of it upon
the head, and the use of false hair became much more extensive than
ever, and even wool and other materials were used in the manufacture of it. The reader of the French poetry of the fifteenth century
will remember the lines of Coquillart :—
De la queue d'un cheval peinte,

Under support of your paeyence,

Quand leurs cheveux sont trops petits,

Yeveth (give) examplehornes to cast away.

Ils ont une perruke feneit.

* The original, in Latin, js printed in my "Latin Stories" (Percy Society), p. 18.
t It will be found in Mr. Halliwell's edition of Lydgate's " Minor Poems."
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A CURIOUS PAGE OF ANIMAL LIFE.
BY HBNKY WHITE, PH.D.
SOME time ago, when in search of materials for a history of the
Huguenot wars in France, I came upon references to a speech, said
to have been delivered by the President of the Parliament of Provence, in defence of the rats of Lucenay. The story was this, that
when the cruel decree of extermination was issued against tho
Vaudois in 1540, a Provençal gentleman waited upon First President Chasseneuz, and reminding himsof the reprieve he had formerly
obtained for the rats who were on trial in the bishop's court of
Autun, urged that a whole population wras at least of as much importance as a colony of vermin, and that the Vaudois were as fairly
entitled to be heard in self-defence before they were punished, as his
ravenous four-legged clients.
The President blushed and the
execution of the murderous decree was suspended. Now circumstantial as this story is, it does not contain one word of truth, and
yet it is recorded as a fact by De Thou, Bouche, Gaufridi, Father
Gamier, Bernardi (in the "Biographie Universelle," sub voce Chassanée), and by the learned editors of the "Historial du Jongleur,"
who also quote a passage from a speech of the defendants' counsel,
to the effect that the rats were prevented by the cats from appearing
personally in court ! I know not how the error arose, but it is
evidently a misrepresentation of a portion of a famous work by
President Chasseneuz, which the writers were too lazy to examine.
That work is the " Repertorium consiliorum Dom. Bartholomci de
Chassaneo " (first printed in 1535), which, like most of the writings
of that age, is a singular mixture of theology, jurisprudence,
politics, history, and physics. There is not the slightest attempt at
arrangement a treatise on the excellence of certain cheeses is
printed between a dissertation on the seven beatitudes, and a
chapter on the goodness of eggs. An essay on the throne of God
is coupled with an inquiry whether a marquis should precede a
count. A panegyric on judicial astrology is " sandwiched " between
one on the wine of Beaune, and another on smoked hams. Among
such matters Chasseneuz devotes five chapters to the discussion of
a question, then much debated among lawyers, whether brute
animals could be excommunicated.
There was no doubt that
animals could be tried and punished for damage done to life or
limb. The instances are numerous, and it will be sufficient to give
merely the dates of a few of them. Paris, 1314; Caen, 1470;
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Bordeaux, 1528 ; Paris again, 1601. Martòne quotes the case of a
bull that was condemned in 1499 to be hanged for having "par
furiositc, estant aux champs, occis et mis à mort un joine filz de
l'aage de quatorze ans." In the archives of Lille there is the
certificate of the execution of a pig for having killed and eaten a
child. When examining the city muniments at Dijon, I came upon
some letters from Nicolas, le Jaul, lieutenant-general of the bailiwick of Mâcon (18th September, 1474), commanding the treasurer
of the Mâconnaise to pay tho provost of Mâcon sixty sols tournois
for hanging a pig which had killed a child. In this case a new
gibbet had been built, the ladder and pulley alone costing ten sols
tournois. Our "deodand" seems to have been a relic of this
curious custom.
But learned pundits contended that though animals might be
executed, they could not be excommunicated, as they were not
in communion.
Chasseneuz examines this nice question with
true mediæval longwindedness, and it is in the course of this
examination that he refers to the "rats of Autun." The case
was this. A petition had been presented to the bishop complaining that certain unclean animals, in formam murium urbanarum
qrisei coloris, had been committing serious damage in the vinoyards
botros et ramos corrodendo, and had caused, famem' et caristiam,
famine and high prices. The petitioners prayed their spiritual
father to remove the terrible scourge, and the rats were duly
summoned. An advocate was appointed to defend them, but they
were duly condemned along with their accomplices. " Rats, slugs,
and caterpillars," said the bishop, " and all other unclean creatures
that prey upon the harvests of our brethren, quit tin's district
without delay, and depart to places where you can injure nobody.
In the name of the Father," etc. In the sentence of excommunication the vermin were enjoined to leave within three hours,
and the petitioners to do penance for the sins which had brought
the scourge upon them.
Chasseneuz records many trials of this kind, but the most complete is one that occurred after he had been dead some years. The
particulars are preserved in the registers of St. Julien in Savoy, a
little place not far from the old episcopal city of St. Jean de
Maurienno, on the Mount Cenis road. The place was famous for its
vineyards, which appeared to have suffered from the hungry
appetites of a green caterpillar, called amblevin, or verpillon, by the
peasantry, and Ehynchites auratus by entomologists. In 1545 these
ravenous insects appeared in such numbers that an action for
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damages was brought against them. At first the case was referred
to arbitration; but as this came to nothing the matter was in due
course brought before the official or ecclesiastical judge of St. Jean;
the syndics of St. Julien, who were the plaintiffs, appearing by counsel, two brothers, learned in the law also, acting for tho defendants.
First, letters monitory were issued, to be followed by an interlocutory,
ordering certain experts to inspect the vineyards and assess the
damage. When this was donc, a discussion arose upon the validity
of the inspection, which the official overruled, and, in his judgment,
adopted the safe course of ordering public prayers to be offered up.
" Seeing," says the judge, " that G od, the supreme creator of everything that exists, has permitted the earth to bring forth fruits and
vegetables (animas vegetalicas), not only for the nourishment of
reasonable creatures like man, but even for the preservation of the
insects which fly over the surface of the earth, it would be by no
means becoming to proceed with too much haste against the animals
in this cause ; better wrould it be under the premises that we should
have recourse to the mercy of heaven, and ask pardon for our sins."
And then follows a list of the prayers enjoined upon the inhabitants
of the commune. There was no need for the bishop's official to
deprecate haste, for the case had been opened in 1545, and judgment was not delivered until May 1546, when the defendants had
disappeared.
In 1587 these destructive insects returned in greater numbers
than before, and the syndics once more appeared in the bishop's
court to revive the dormant case of 1545, the defendants being
looked upon as the same unitedly, though different individually. In
the title of the documents they are described as " animalia bruta ad
formam muscarum volantia coloris viridis," and as guilty of contumacy.
The syndics, "considering that, if man's sins are the
cause of such a scourge, it is the duty of the representatives of
Christ upon earth to ordain what should be done to appease the
divine wrath," pray the official to nominate a commission to visit
the damaged vineyards, and summon the opposite party to be
present at the said visitation. They further promise, in case the
noxious creatures should be excommunicated or put under interdict, to assign them a place where they would have sufficient food for
the future. To a certain extent the prayer was granted, a proctor
and a counsel were appointed for the amblevins, ne inclefensa remaneant, and the priest of St. Julien was ordered to see that the
dormant decree of 1546 was duly carried out before any further
steps were taken. The decree is a curious picture of sacerdotalism.
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It exhorts the parishioners to turn towards God with all their heart,
stirs them up to a detestation of their sins, and to sincere contrition,
accompanied with the resolution to live henceforward in justice and
charity, to pay their tithes, and three days consecutively to march
in procession round the damaged vineyards, before and after each
of which high mass is to be celebrated, and certain prayers are to
be sung. Two individuals at least out of each family are required
to take part in these pious exercises. The processions duly came
off, and the parish priest made his report to the judge. And now
counsel for the defendant takes up the running, and in his protest
argues that the other party are out of court. Peter Eembaud—it
is a pity his name should be lost—expresses his astonishment at the
proceedings adopted towards his clients—the most innocent creatures in the world. Common sense tells us (he says) that brute
beasts like these " verpillons " cannot be regularly summoned
before the magistrate ; that they cannot reasonably be condemned
for contumacy, and that no excommunication, no censure, has power
to affect them. In the Book of Genesis we are told that the beasts
of the earth were created before man : " Let the earth brino- forth
the living creature after his kind, cattle and creeping thing." And
in another place: "God blessed them, saying, Be fruitful and
multiply." The Creator of the world certainly would not have said
this, if he had not also intended to give animals the means of
living. Now, it is plainly proved by Scripture, that vegetables are
the food of beasts as well as of man : " To every thing that creepeth
on the earth, I have given every green herb for meat." Consequently these poor insects had only used a legal right, when taking
up their quarters among the plaintiffs' vines. To invoke the civil
and the canon law, the lex divina and the lex gentinm against these
little beasts, is as inconsistent as it is unreasonable ; as if creatures
void of reason and governed by instinct could be amenable to any
other than the natural law. " Hence I maintain as clear and indisputable," continues the defendant's lawyer, "that the forms of
excommunication and ecclesiastical censure are out of place here.
True, plaintiffs may object that the Creator has put all animals in
subjection to man, and may quote the preacher : 'Posuit timorem
illius super omnem carnem et bestiarum et volatilium :' and brinoforward the proverb : ' Qui seminat metet,' let him reap that
soweth ; and the passage from Isaiah, ' Plant vineyards and eat the
fruit thereof/ but these texts are foreign to the purpose. The
insects upon whom you invoke the thunders of the Church, have
only conformed to the natural law." The defendants' counsel wound
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up by praying that the case should be dismissed and the plaintiffs
charged with costs. Plaintiffs asked for time to answer—for all
these pleas were written—and about a month after their counsel
undertook to prove both from Scripture and the canon law, that
"insects were created for the use of man."
Certainly there are some insects who make use of man, but
hardly in Maitre Faeti's sense. It would seem that the syndics of
St. Julien de Maurienne had not much confidence in the goodness
of their cause, for they were the first to propose a sort of compromise. On the last Sunday in June, after high mass, the métrai,
William Morard, made the usual proclamation, and at noon the
great bell was tolled, summoning all the manantz et habitantz of the
little town to the parloir or public square, where the syndics
explained the necessity of assigning to the "amblevins" a place of
" sufficient pasture without the vineyards of St. Julien, such as they
can live upon, so that they may no longer eat and lay waste the
vineyards aforesaid." After a little discussion it was unanimously
agreed to offer the insects a piece of land in a place known as the
Grande Feisse, containing between forty and fifty sestcries, " peuplée et garnye de plusieurs espesse de boes, plantes, et feuillages,
comme foulx, allagniers (chataigners ?), cyrisiers, chesnes, planes,
arbessiers, et aultres arbres et buissons oultre l'herbe et pasture,
qui y est en asses bonn equantité." The good people of St. Julien
reserved, however, the right of thoroughfare for the purpose (among
others) of reaching certain " mynes do colleurs," or ochre-pits, in
the vicinity. Nor was this the only reserve, and it is a curious
evidence to the state of the times : " And seeing that the place
is a safe retreat in time of war or other disturbance, because it is
well supplied with springs, we reserve the right to withdraw there
intime of need, and promise on these conditions to make an agreement ' en bonne forme et vallable à perpctuytcV "
After various sittings and adjournments, one of which was
occasioned by the passage of the forces (transitu armigerorum) of
Charles Emmanuel I., Duke of Savoy, who was planning the seizure
of the marquisate of Saluzzo, the proceedings were resumed on the
3rd of September, when Fillioli refused, on behalf of his dumb
clients, the asylum offered by the plaintiffs, on the ground that it
was " sterilis locus et nullius reditus," and pi-ayed for a nonsuit with
costs.
The official took time to consider his judgment, and it
would appear from a note on the margin of the judgment,pro visitaHone iij. florenos, that a commission was sent to inspect the Grande
Feisse and report upon it. What they said we cannot tell, neither
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can we know the decision to which the judge arrived, for a portion
of the sheet containing it has perished. The last notice of this
singular case is a minute of the 20th December 1587, recording that
this suit cost tho syndics of St. Julien nineteen florins, three of
which were fees to the vicar-general and official ; and we should say
that they had a great deal of law for their money.
At the first blush, one would be inclined to think this curious
law-suit nothing more than a ponderous mediæval jest ; but it was
really a serious business.
Chasseneuz himself tells us that it had long been discussed in
the officiality of Autun how Burgundy could be best delivered from a
plague of hurebers, probably the Attelabus Bacchus of modern entomologists, lie calls them locusts, but comforts their Burgundian
victims by assuring them that these creatures were nothing like
those seen in India, which are not less than three feet long ; their
legs are furnished with teeth, which the natives (he tells us) use as
saws.
Although Dr. Chasseneuz was not a priest, he declared that
the best means of removing such a scourge was scrupulously to pay
tithes and all ecclesiastical dues, and to make a woman walk barefoot round the infested fields : accessit mulieris, nudis pedibus et
menstrualis, omnia animalia officientia jlavescunt. He adds that
these creatures were sent as a judgment from God for their disorderly lives, especially for their blasphemy, and then he tells how a
blasphemer had such a severe attack of the falling sickness that he
tore himself to pieces and rendered up his soul to the Evil One ; how
a child five years old was torn by demons from the arms of his
father who was guilty of the same crime ; and how a citizen of Milan
for a similar offence met with a tragical end. He had just lost all
his fortune at the gaming-table, and thrusting his dagger into the
earth, he said : O maledicte Christe, utinam potuissem te ita transfigere
in utero matris, sicut transfixi terram ! When he pulled out his
dagger, it was dripping with blood. He went home, and immediately the roof fell in upon him, and he was carried away by devils.
He next quotes Peter Damien's story, how a gentleman having cut
up a fowl and well seasoned it (aquá piperata), boasted to his
companions that neither Peter nor Christ coifld put it together
again. At a moment the cock returned to life and covered with
feathers. Crowing and clapping his wings, he so covered the
blasphemer with the sauce that all his body became leprous. We
need not follow Chasseneuz any further.
In reading these entomological episodes we should bear in mind
that the ravages of insects were much more considerable and fre-
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quent than they are now. The charters of the Middle Ages bring
before us vast tracts of fallow land (sedimina), others utterly waste
(déserta), others uncleared and overrun with thorns and brambles
(inoultæ), and others devastated by floods, and presenting nothing
but a barren surface (gleriæ). Thick forests covered the mountains
and spread over the plains. Large districts were quite uninhabited,
marshes occupied the lower parts of the valleys, and their pestilential
waters gave birth to swarms of noxious creatures, which fell upon
the crops and devoured them as locusts devour the harvests of
Africa. It may easily be understood how the people prayed for
divine mercy at the first appeai-anco of the scourge. By prayer did
not the hermit Pruminius deliver the island of St. Mark from a
number of devastating insects ? When prayer failed, men next ran
to the bishop the nearest representative of God upon earth, and as
he could not condemn any criminals unheard, the offending vermin
were summoned into his court to answer for their offences. These
entomological law-suits, which may be traced as far back as the
eleventh centuiy, did not fall into disuse until the eighteenth. As
late as 1731 we read in the registers of the municipal council of
Thouon : " Item, a été délibéré que la ville se joindra aux paroisses
de cette province qui voudront obtenir de Rome une excommunication contre les insectes, et que l'on contribuera aux frais pro rata."
Only a few days back, the Italian correspondent of the " Daily
News" suggested that the "bottle-nosed whales," about which
Mr. Bright had been so pestered, might be got rid of by the same
means as the Italian fishermen employ to get rid of sword-fish and
other piscatorial nuisances. A priest is taken out to sea, when he
formally curses those enemies to the fishing trade. Unfortunately
we are not told whether the curse is successful.
The proceedings against animals may have had then* origin in
the belief of a power enjoyed by evil spirits of employing the brute
creation as an instrument of persecution against man. Diabolical
possession was an indisputable fact to the people of the Middle
Ages ; and St. Mammet, Bishop of Yienne, excommunicated certain
wolves and pigs who devoured young children even in the streets of
the city, on the ground that the devil and his imps had entered into
them, as the unclean spirits had entered into the swine " in the
country of the Gadarenes." Hence, in a clerical point of view, we
may understand the rationale of the following excommunications :
When St. Bernard was on a pastoral visit to Frogny, in the diocese
of Laon, an immense swarm of flies filled the church in which he
was about to preach, and by their loud buzzing nearly frightened
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away tho congregation. Ascending the pulpit, the venerable man
calmly said, " I excommunicate them," and the flies at once fell dead
in such quantities that they covered the floor, and had to be removed
with shovels. " This miracle," continues the disciple and biographer of St. Bernard, " so spread abroad that the curse of the flies
at Frogny (muscarum Fuscinacensium maledictio) became a proverb."
A story of a similar nature is told by St. Ambrose (De Virginibus,
lib. 3), of a priest, who, being distui-bed every day during mass by
tho croaking of some frogs in a neighbouring marsh, ordered them
to be silent, and immediately they became dumb. What amount of
truth—if any—there may be in these two stories, we do not profess
to estimate. They spread from mouth to mouth, each time gaining
something by the transmission, until, at last, the facts were so perverted by the superstitious credulity of the age that some simple
natural phenomenon assumed the dimensions of a miracle. Nor do
these two curious stories stand alone. Thus we are told that when
St. Hugh, Bishop of Grenoble in the eleventh century, was at Aix
les Bains in Savoy, he excommunicated the serpents by which that
little town was infested, and that ever afterwards their bite ceased
to be venomous. The legend of St. Patrick, which is of a still
earlier date, is too well known to need repetition here.

ASTRONOMICAL NOTES FOR APRIL.
BY W. T. LYNN, B.A., F.E.A.S.
Of the Royal Observatory, Greenwich.
POSITIONS OF THE PLANETS.—MARS is this month the only large
planet which is visible in the first half of the night, excepting
SATURN, which, however, does not rise, even at the endos the month,
until nearly half-past ten.
MAES still continues to be visible until considerably past midnight, being on the meridian at eight o'clock in the evening of the
eleventh da}r. He is in the constellation Leo, and will be in conjunction with the Moon on tho night of the 20th.
Neither of the inferior planets will be well placed for observation,
MERCURY being in superior conjunction with the Sun on the 29th of
this month, and Venus on the 9th of next.
THE MOON.—New Moon occurring on the morning (at lh. 48m.)
of the twelfth day, observations of the objects on the lunar surface
may commence on the evening of the 15th. On that of the 16th,
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tho Mare Crisium will be under the terminator, and, on the two
following, the Mare Serenitatis will be observable. The Moon is in
First Quarter at 3h. 6m. on the afternoon of the 19th, so that the
Lunar Appenines and objects in their vicinity may be studied in the
evening. Caucasus will be a sine spectacle on the same night, and
Tycho will be near the terminator on that of the 21st. Full Moon
takes place at 6h. 21m. on the morning of the twenty-seventh day.
OCCULTATIONS OF STARS BY THE MOON.—But few of these phenomena will occur in the month of April. Aldcbaran will make a
near approach to the Moon a few minutes before seven on the
evening of the 15th day, but will escape occultation. Two small
stars in Taurus, 119 and 120 Tauri, of the o\ and 6th magnitude
respectively, will be occulted on the 16th. The disappearance of
the former star will take place at 7h. 37m. in the evening; its reappearance at 8h. 26m., very nearly at the same time when the
other star will disappear, the reappearance of which will occur at
twenty-eight minutes afterwards, or at 8h. 54m. The disappearances will be well seen if the weather be favourable, as they take
place at the dark edge of the Moon. The reappearances will bo at
points in the limb not far from the highest in altitude, and will not
be easy to catch.
WINNECKE'S PERIODICAL COMET.—This small comet may possibly
become visible during the present month, although its perihelion
passage does not occur until the 3rd of July. Our knowledge of
its orbit is at present very imperfect, being practically dependent
upon the observations made in tho year 1858, of which year it was
Comet II.,* being discovered by Dr. "Winnccko at Bonn on the 8th
of March.t He remarked that it was nearly 3' in diameter, very
faint and diffused. Shortly after the discovery, it was observed by
Drs. Forster and Bruhns at Berlin, Auwers at Gottingen, Luther at
Bilk, Riimker at Hamburg, Trettenero at Padua, Schjellerup and
d'Arrest at Copenhagen, and Reslhuber at Kremsmunster. When
its orbit was computed, it was found that it was extremely probable
that it was identical with a comet known as III. 1819, which was
discovered by Pons at Marseilles on the 12th of June of that year.
Its period being about 5£ years, it had passed its perihelion six
times between the two observations, but had escaped detection
during the whole of that interval. Pons's description of it in 1819

* Comet I, 1S58 (discovered by Tuttle on January 4), had also an elliptic orbit, with
a period of a little less than fourteen years, but had only been ouce observed before, in the
year 1790.
t " Astronomische Kachrichten," Ko. 1133.
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was that it was " small, without tail, no perceptible nucleus, the
centre of a pretty conspicuous whiteness.*" It was quite telescopic.
A conjecture had been put forward by Clausen that this comet was
the same as the second comet of the year 1766, the orbit havingbeen considerably changed by its near approaches to the planet
Jupiter about the end of 1800, and the beginning of 1812.
In
1766, it was for some time visible to the naked eye, and had a tail
a few degrees in length. It was first discovered by Father J. Helfenzriede, Professor of Mathematics at Dillingen, in Suabia, on the
1st of April; and was afterwards detected by Messier at Paris on
tho 8th of April, and observed, on a few days only, by him and
Cassini de Thury. After the perihelion passage it was observed at
the Cape of Good Hope, and also by La Kux, a councillor at the
Isle of Bourbon, a zealous and skilful observer, " who only needed,"
says Pingre, f " good instruments to have made good observations."
Good instruments, however, he was unprovided with, and was consequently able only to obtain a series of somewhat rough
positions.
Returning to the observations in 1858 ; Forster, Reslhuber, and
Winnecke observed a good series of positions, continuing from immediately after the discovery until the 20th of April. The comet
was throughout very faint and diffused, but a little brighter about
the middle of April. Reslhuber noticed a very small faint nucleus,
situated not quite in the centre of the coma. Watson (now Director
of that active establishment) also observed the comet at the Ann
Arbor Observatory, Michigan, U.S., on April 4, 5, and 6 ; also J.
Breen, assistant at the Cambridge Observatory, England, on April
18 and 19. It was nearest the earth on the 26th of March, and
passed its perihelion on the 3rd of May, on the morning of which
day it was observed by Professor G. P. Bond, at Harvard College,
Cambridge, U.S.J
After the perihelion passage it could bo seen only in the southern
hemisphere, and Professor Moesta, at that time Director of the
Observatory of Santiago in Chili, obtained a series of observations,
extending from the 26th of May to the 22nd of June.§ On the
first of those days, he stated that " the comet has the appearance
of an undefined nebula; the light is most intense in the centre, but
no true nucleus is perceptible
but, on the 3rd of June, " it exhibits
*
t
X
§

'■■ Berliner Jahrbuch" for 1822, p. 207" Comctographie," vol. ii., p. 64.
" Aslronomischc Nachrichtcn," Ko. 1149.
Ibid., Ko. 1184.
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a small nucleus, tolerably sharply defined/' and, on the 11th, "the
comet is well defined by its nucleus."
The comet must have returned to perihelion about the end of
the year 1863 ; but could not be observed at that return. We may
hope that it will be seen at the approaching one, being then very
favourably situated for observation. At the beginning of the present month, it will be in the constellation Leo Minor, and on the
meridian about ten o'clock at night, with considerable and increasing
northern declination; its right ascension being, according to the
calculations of Herr Linsser, of the Pulkowa Observatory, about
lOh. 30m., and north polar distance about 58°.
THE APRIL METEORS.—We are not likely this year to see many
of the meteors belonging to this group, since we shall probably be
carried through their orbit during daylight. Dr. Galle, at Breslau,
saw a considerable number last year on the night of the 19th, and remarked that they began to decrease in number soon after midnight.
According to this, the greatest display this year ought to occur at a
time corresponding to about that of sunrise in this country, so that
it may be worth while to watch a few hours before daylight on the
morning of the 20th. It will be recollected that the radiant-point
is in the constellation Lyra. The writer has been informed by Mr.
Glaisher, that last year several very fine meteors proceeding from
the same radiant were observed at'Greenwich on the night of the
20th, a little before midnight, after which the sky became cloudy.
We would suggest to those who take an interest in the subject of
meteoric astronomy to look out in the part of the sky near Lyra for
two or three hours before sunrise on both the 20th and 21st. That
constellation will be on tho meridian at about seven o'clock in the
morning.
GENERAL REMARKS.—It is scarcely necessary to remark that the
stormy cloudy weather which has characterized the past winter to
so exceptional an extent, has been very unfavourable for the prosecution of astronomical observations. We may hope that the present month of April will answer to its name, and open out more
inviting opportunities to the votaries of this pre-eminently interesting department of science.

The Sun, the most important body in the sj-stem, will probably
form one of the most profitable objects of study during this month,
which is usually well suited for the continued scrutiny of his disc.
All indications show that we are now rapidly approaching a period
of maximum of abundance and frequency of the solar spots.
And
it has already been mentioned in vol. i., p. 145, of THE STUDENT,
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(for March, 1868), that the most probable length of the interval
between two consecutive maxima is just one-ninth of a century or
eleven years and one-ninth. This would bring us to another
maximum in the course of the year after next (1871), probably
about the middle or towards the end of it.

WALLACE ÒN THE MALAY ARCHIPELAGO*
SINCE Mr. Wallace's return to this country, six years ago, the work
now issued has been looked for with interest by naturalists, ethnologists, and lovers of first-class narratives of travel in strange lands.
The preface to the volumes now issued explains the delay, which has
been partly occasioned by ill-health, and partly by the enormous mass
of material which Mr. Wallace had collected, and required time to
study.
Three thousand skins of birds, representing about one
thousand species ; at least twenty thousand beetles and butterflies,
of about seven thousand species ; besides quadrupeds and landshells—these, indeed, constituted a collection requiring no ordinary
amount of labour to arrange, classify, and name ; and yet they only
formed a portion of the treasures our industrious traveller brought
together, and which he reserved for his own use. The total quantity
amounted to 125,660 specimens, and few naturalists have been
equally successful in discovering new forms, or, what is much more
important, in throwing light upon the great question of the origin
of species and tho tendencies to variation, and the various geographical and geological problems concerning the distribution of
life.

Mr. Wallace offers his work to the public as a "mere sketch"
of a great subject ; but it is the sketch of a master-hand, full of
information, suggestion, and thought. Much of it being copied
from diaries kept on the spot, it has the freshness that constitutes
the charm of good personal narrative, and the author has wisely
said most about things and regions least known to former investigators. He divides the Archipelago into five groups of islands—
the Indo-Malay Islands (Borneo, Java, etc.) ; the Timor group ;
Celebes, with the Sula Islands and Boutan; the Molluccan group
(Bouru, etc.) ; and the Papuan group (the Aru Islands, etc., etc.).
* "The Malay Archipelago, the Land of the Orang-utan and the Bird of Paradise:
a [Narrative of Travel, with Studies of Men and Nature." By Alfred Eussell Wallace
author of "Travels on the Amazon and Rio Negro," " Palm Trees of tho Amazon," etc.
2 vols. Macmillan and Co.

222

WALLACE ON TOE MALAY ARCHIPELAGO.

Mr. Wallace confirms Mr. Earl's division of the Malay Archipelago into an Australian and an Asiatic region, which ho names
respectively Indo and Austro-Malayan, but he differs from that
gentleman in many important points. Borneo, with the islands
north and west of it, he places in the first; while Celebes, and
eastwards to New Guinea inclusive, is assigned to tho
second.
The sea which divides Java, Sumatra, and Borneo, " is so
shallow that ships can anchor in any part of it, since it rarely
exceeds forty fathoms in depth, and if we go as far as the line of a
hundred fathoms, wo shall include the Phillipine Islands, and Bali,
east of Java." The active volcanic character of this district, and
the shallowness of tho sea, indicate a probability that the subsidence
by which that sea was formed is geologically recent, and Mr. Wallace
finds their natural history conformable to tho notion of the great
islands having been connected at no very distant period with the
mainland.
" The elephant and tapir of Sumatra and Borneo, and the rhinoceros of Sumatra, and the allied species of Java, and the wild cattle of
Borneo, and the kind long supposed to be peculiar to Java, are now
all known to inhabit some part or other of Southern Asia." Birds
and insects exhibit the same resemblances, and tho general conclusion is that the Asiatic continent extended far beyond its present
limits at a very recent geological epoch. Mr. Wallace regards the
enormous outpourings of matter from the volcanoes of Sumatra and
Java as the proximate cause of the depression which has taken
place. Celebes and the islands on the East "exhibit almost as
close a resemblance to Australia and New Guinea, as the Western
Islands do to Asia."
It is very remarkable that the differences in the fauna of these
islands seem to have been determined by the geographical and
geological changes which isolated them from two distinct regions of
mainland, and that the actual state of climate, etc., has had little to
do with the matter. Thus, though Borneo and New Guinea arc
physically alike, they differ widely in a zoological point of view,
and "Australia with its dry winds, its' stony deserts, and its temperate climate, yet produces birds and quadrupeds, which are closely
related to those inhabiting the hot, damp, luxurious forests which
everywhere clothe the plains and mountains of New Guinea." Mr.
Wallace's residence amongst the Malays and Papuans, led him to
the conclusion that they are distinct races, differing radically in
physical, mental, and moral characters, and divided approximately
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by the same boundaries which separate the zoological regions just
named.
We do not 'propose to follow Mr. Wallace's footsteps in detail,
but merely to dip here and there into his book, sufficiently to lay
before our readers many interesting facts, and lead all who can get
it to the work itself. In Borneo he devoted much time to watching
the habits and procuring specimens of the ourang-utan. In one
of his expeditions he acquired an ourang-utan baby, which he succeeded for some time in rearing by hand, and, however shocking it
may appear to those who look down upon their " poor relations,"
the little thing behaved amazingly like a human infant of the same
age. It would lie helplessly upon its back, rolling lazily, and
stretching out its hands, scarcely able to guide its fingers to any
definite object, while a little monkey, of the same age, was full of
juvenile vigour, activity, and curiosity. When handled gently and
nursed, the ourang-utan was quiet, if neglected it screamed. It soon
learned to enjoy being washed, and became a pleasant pet, but unfortunately it perished of intermittent fever at the age of three
months.
While in Borneo Mr. Wallace had an opportunity of tasting the
durian, that curious fruit which repels by its nauseous odour of
rotten onions, and finally delights all who are adventurous enough
to eat it. We are told that it is about the size of a cocoa-nut,
covered with strong short spines, and having an extremely thick,
tough rind. It grows high upon tall trees, and falls when ripe,
inflicting a terrible wound upon any one who happens to be walking
below, and giving its victim, as Mr. Wallace explains, a hint that
the arrangements of the vegetable world were not made with exclusive reference to the convenience of man—a lesson we are willinoto learn without requiring the spikes of a durian to impress it upon
our heads. The fruit is split open by a strong knife, and the creamcoloured pulp which combines the flavour of " custard, almonds,
cream, cheese, onion-sauce, brown sherry," and a few other things
eagerly devoured.
Many readers will be much astonished at Mr. Wallace's account
of the aspect of equatorial forests. Flowers, he tells us, are scarce,
and only at rare intervals did ho meet with anything striking. He
says, when speaking of the Aru islands, "I have visited five distinct localities in the island ; I have wandered daily in the forests ;
I have passed along upwards of a hundred miles of coast and river
in six months, much of it in very fine weather, and till just as I was
about to leave I never saw a single plant of striking brilliancy or
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beauty ; hardly a shrub equal to a hawthorn, or a climber equal to
a honeysuckle '. . . . My whole experience in the equatorial regions
of the West and the East has convinced me that in the most
luxuriant part of the tropics, flowers are less abundant, on the
average less showy, and are far less effective in adding colour to the
landscape than in temperate climates. I have never seen in the
tropics such brilliant masses of colour as our England can show in
her furze-clad commons, her heathery mountain sides, her glades of
wild hyacinths, her fields of poppies, her meadows of buttercups
and orchises—carpets of yellow, purple, azuro blue, and fiery
crimson, which the tropics can rarely exhibit .... In the regions
of the equator a sombre green clothes tmivorsal nature. You may
journey for hours, and even for days, and meet with nothing to
break the monotony. Flowers are everywhere rare, and anything at
all striking is only to be met with at very distant intervals.'" Equatorial fruits would prove to many as disappointing as the flowers.
Not that splendid species do not exist, but they are not common
except under cultivation, and in the Archipelago few wild fruits
were found to compare with our own blackberries and nuts.
In Sumatra Mr. Wallace met with a curious instance of that
mimicry of form which formed the subject of a paper in the " Intellectual Observer," and on which Mr. Bates has thrown so much light.
It appears that the females of the butterfly (Papilio Memnon) occur
in two forms—one resembling the male, and the other having spoonshaped tails to its wings, just like the Papillo Coon.
The colouring of the tailed females is like that of the P. Goon,
and the use of this imitative arrangement appears to be to secure
immunity from the attacks of birds who are in the habit of assailing P. Hcmnon, and leaving P. Coon alone. " But," says Mr.
Wallace, " the most curious fact connected with these distinct forms
is, that they are both the offspring of either form. A single brood
of larvæ were bred in Java by a Dutch entomologist, and produced
males, as well as tailed and tailless females, and there is reason to
believe that this is always the case, and that forms intermediate in
character never occur.
To illustrate these phenomena, let us
suppose a roaming Englishman, in some remote island, to have two
i —one, a black-haired, red-skinned Indian, the other, a woollyw Tes
headed, sooty-skinned negress, and that instead of the children
being mulattoes of brown or dusky tints, mingling the characters
of two parents in varying degrees, all the boys should be as fairskinned and blue-eyed as their father, while the girls should altogether resemble their mothers. This would bo thought strange
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enough ; but the case of these butterflies is yet more extraordinary,
for each mother is capable not only of producing male offspringlike the father, and female like herself, but also other females like
her fellow-wife, and altogether different from herself."
In the Moluccas, Mr. Wallace first discovered undoubted cases of
this " mimicry " in birds ; and in the island of Bouru, he found a
honey-sucker and an oriole, much alike in appearance. The honeysuckers have the usual colouring of their family, while the tints of
the oriole, differ from theirs, and the reason seems to be that, by so
doing, they are taken by their enemies for creatures stronger and
more pugnacious than themselves.
Mr. Wallace's pages abound in materials for correcting the
errors of ordinary writers on natural history, and especially of that
school which pretends to know exactly why everything is done. He
comments on the common theory that the habits and instincts of
animals are fixed points, and that their structure and organization is
specially adapted thereto, and he shows that both habits and instincts
must be studied in reference to the origin and history of the creatures exhibiting them.
Thus in Celebes a bird called the Malco lays its eggs in hot
black sand, where they are hatched by solar heat. The parents
take no trouble about their young. As soon as they are hatched
they are able to run off to tho forest and take care of themselves,
and they can fly a little by tho next day. The nearest allies of the
Maleo, the Magapodii and Talcgalli heap up the earth in huge mounds
in which they bury their eggs, but the foot of the Maleo is not
adapted to this sort of work, though well fitted to shovel up sand.
The Magapodii and bush turkeys depart from the usual habit of
birds of their class, because their eggs are so large that about
thirteen days are required before successive eggs can be matured.
Thus the creatures are precluded from tho ordinary process of layingmany eggs in quick succession, and sitting upon the lot. Their habits
result from their structure, and the origin of that structure must be
sought by inquiries into the variations from previous structure which
led to it.
The human race appears never to make much progress unless
its facilities and difficulties are duly proportioned. If the means of
subsistence are easily obtained and little shelter is required, laziness
and absence of progress are the invariable results, so that too much
bounty of nature is worse than too little. In Ceram, for example,
the sago palm feeds the people ; with scarcely any trouble, " a goodsized tree will produce thirty tomans, or bundles of thirty pounds
VOL. III.—NO. III.

o
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each, and each toman will make sixty cakes of three to the pound.
Two of theso cakes are as much as a man can eat at one meal, and
five are considered a full day's allowance, so that reckoning a tree to
produce 1800 cakes, it will supply a man with food for a whole year,"
and a tree can be worked up in ten days by one man, and a woman
can bake the lot in ten days more. When the tree has to be bought
it costs about seven and sixpence, and labour is paid for at fivepencc
a day ; so that a year's food represents only thirty-eight days' work.
In many regions the banana, or some other plant affords equal
facilities for indolence ; and while we are overtoiled the natives of
many countries are spoilt for want of stimulus to exertions that
would do them good. With all our civilization, we have not yet
managed to produce a class that will work usefully if it can help it,
though we have many individuals—types of the higher state to
come—who pass lives of utility from sheer love of benefiting their
race.
After stopping in the large islands, Mr. Wallace made an adventurous voyage in a native prau, manned by fifty natives of different
races from Macassar, to the islands of Am, which he tells us no
European had previously investigated. They lie in a shallow sea,
near New Guinea. He enjoyed the voyage very much, and preferred
his simple deck cabin to the richly gilt saloon of first-class steamers.
The half-savage crew behaved very well, and the point of destination
was safely reached. To regulate the time on board the prau, a
simple contrivance was resorted to ; a half shell of a cocoa-nut,
with a small hole bored in the bottom of it, Avas set floating in a
bucket half-full of water. A fine thread of water squirts up through
the hole, and finally fills and sinks the shell. The hole is of such a
size that this takes one hour, and comparison with a watch showed
it very nearly correct. In the Arn islands Mr. Wallace obtained a
specimen of the King Bird of Paradise, one of the special objects
of his search. He also obtained the Great Black Cockatoo, remarkable for its mode of getting at the kernel of the Kanary nut, which
is somewhat triangular, quite smooth, and excessively hard, so that a
heavy hammer is required to break it. The bird takes one of these
nuts edgewise in its bill, and by a sawing motion of its sharp under
mandible works a notch in it. " This done, it takes hold of the nut
with its foot, and biting off a piece of leaf retains it in the deep
notch of the upper mandible, and again seizing the nut, which is
prevented from slipping by the elastic tissue of the leaf, fixes the
edge of the lower mandible in the notch, and by a powerful nip
breaks off a piece of the shell. Again taking the nut in its claws,
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it inserts the very long and sharp point of the bill, and picks out
the kernel, which is seized hold of, morsel by morsel by the extensible tongue." This is a truly skilled process, of which the use
made of the bit of the elastic leaf is not the least remarkable
feature.
The Aru islanders were at first much puzzled to know what
Mr. Wallace went there for.
Fine weather attended him, which
they ascribed to his magical powers, and they came to the conclusion that he would bring to life again all the dead creatures which
he packed up to carry away. Long, long ago, some wonderful
people had visited their islands, taken prisoners, sunk them in a net
of cane in the water till they were drowned, and the next day pulled
them up again and brought them to life.
Mr. Wallace had, in the course of his travels, many opportunities of becoming acquainted with the Dutch mode of treating their
colonies, of which he speaks in terms that contrast very strongly
with the usual abuse to which they are subjected. He regards their
spice monopoly as on the whole beneficial to the natives, who are
usually represented as victims of robbery and cruelty. He regards
it not only as an unobjectionable method of raising taxation and
making profit, but as preserving the natives from many temptations
to neglect other industries, which would arise from an unrestricted
intercourse with European traders. It is certainly necessary to
hear both sides on this question, and if we blame the Dutch we
must remember how very little success we have hitherto achieved
in dealing with any savage race.
Without exaggerating the merits of savage and semi-civilized
life, Mr. Wallace compares it with our much-vaunted civilization in
a way which, however uncomplimentary, is to a great extent true.
" Compared with our wondrous progress in physical science, and
its practical applications, our system of government, of administering justice, of national education, and our whole social and moral
organization, remains in a state of barbarism." This is his conclusion, and he enforces it by adding that " the wealth and knowledge of the few do not constitute civilization." He tells us that our
failure results " mainly from our neglect to train and develope more
thoroughly the sympathetic feelings and moral faculties of our
nature, and to allow them a larger share of influence in our legislation, our commerce, and our whole social organization ;" and until
we do so "we shall never, as regards the whole community, attain
to any real or important superiority over the better class of savages."
Such remarks suggest a wide range of reflection. Wo cannot
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develop sympathetic feelings to any extent under any conditions.
Our success and our failure in solving the great problem of human
progress, both depend upon a great variety of circumstances. Our
entire system, political, social, and economical, is tending towards
• changes difficult to foresee. It maybe that we are moving under intelligent impulse towards a higher stage, but too often we seem only
drifting, and this character will not be got rid of until there is a
much more general agreement as to the nature of the goal it is
desirable to reach.
We have given only a slight idea of the interesting contents of
Mr. Wallace's work, and we ought to add that it is well illustrated
by numerous plates and cuts.

THE POISONOUS STOCKING DYE—CORALLINE.
SOME time back a London surgeon called attention to eruptions
produced by wearing stockings and socks dyed with a new material.
Perhaps it is the same that M. Tardieu has lately described to the
French academy as producing similar unpleasant effects, and which
is known as " coralline."

M. Tardieu states that in May, 18G8, he was consulted by a
young man, twenty-three years old, of good constitution, but
affected with a severe vesicular eruption on both feet, which, at
first sight, might have been taken for eczema, but it had the
peculiarity of being confined to the space pressed upon by his
shoes and this afforded a clue to its cause. It appeared that for
some days he had been wearing silk socks of an elegant red tint,
which were, just then, in fashion. These socks did not yield any
colouring matter to cold water, or hot, or to water slightly acidulated ; but alcohol, boiling at 85°, rapidly dissolved out of them
the red colouring matter. This colouring matter was dried, then
dissolved in a little alcohol, and a small quantity injected under
the skin of the thigh of a dog, a rabbit, and a frog, all of which
died.
M. Tardieu then proceeded to experiment with coralline itself.
This substance is derived from rosolique acid obtained by oxydizing
phenic acid. The rosolic acid is brought in contact with ammonia,
at a temperature of 150°, and a solid matter is obtained in the
form of red needles, giving green or dark yellow reflexions. It is
said not to have been much used in France, and the offending
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stockings were of English make.
He describes coralline as an
irritant poison belonging to the class of drastic substances, such as
croton oil, etc., and like them it produces acute vesicular eruption,
and inflamation of the digestive tube. It is absorbed and carried
into various organs, setting up fatty degeneration, like phosphorous,
ammonia, and arsenic.
Following a process devised by M. M. Roussin, M. Tardieu
obtained enough coralline from the lungs of the animals poisoned
with it to dye a silk fibre. He remarks, that although its action on
man has hitherto been confined to local affections, accompanied
with some derangement of the general health, it might, under
some circumstances, bo much more sei-ious.
The poisonous
colouring materials hitherto known, such as Schweinfurt green in
wall papers and dresses, white lead in laces, etc., have been
mineral, and coralline appears, he says, to have been the first dye
belonging to the organic series in which poisonous qualities have
been noticed. This is scarcely correct; but it may be the first
which has acted poisonously by simple contact with the skin.

ARCHÆOLOGIA.
the galleries of the British Museum, some interesting antiquities, chiefly from Asia Minor, have been very recently exposed
to public view, although tthey have been several years in the possession of the great national establishment. Among these we may
especially call attention to a number of thin LEADEN TABLETS, inscribed
in Greek characters, which were found at the bases of some statues
in the temenos, or TEMPLE, OP DEMETER AT CNIDDS, in Asia Minor.
These tablets are now preserved under one of the glass cases
of the second vase room in the Museum. The}r consist of a series
of what were called in Greek KaTaBea-fioi, magical charms or maledictions. They are interesting to us riot only in themselves, but as
enabling us to compare the same popular ideas when clothed in the
refinement of the Hellenic spirit, and as they existed in the coarser
garb of the middle ages, and even of a later period; and at the same
time they furnish us with curious sketches of social life in these
remote times. These singular monuments, which are called in Latin
defixiones, are not unknown to antiquaries, and they are alluded to
in the classical writers. This temenos was, properly speaking, that
of the infernal deities, Demeter (Ceres), Core (Persephone), and
IN
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Pluto. The individual who had a wrong to avenge composed one of
these tablets, no doubt with the necessary magical forms and ceremonies, to devote the unfortunate offender to the punishment of
Hades, and deposited them in the sacred enclosure. The imprecations are written, or rather scratched, but slightly, on small sheets
of lead, the largest not bigger than half a sheet of ordinary notepaper, now so thin and so corrugated that they resemble in colour,
etc., pieces of brown wrapping-paper which have been a long time
exposed to damp. The injured persons, who are mostly women,
usually introduce a reservation protecting themselves against any of
the evils they invoke ; and the curses themselves are not made irrevocable, but, as the offences are not uncommonly the unjust withholding of property from the rightful owner, the evil invoked is
deprecated in case of the restitution of the property withheld.
From philological evidence, these singular monuments are believed
to belong to a date ranging from about B.C 300 to B.C. 100.
In one of these tablets, a lady, with the poetic name of Antigone,
denies before the three deities (Aa/xarpt, Kovpa, UXOVTCOVI) a charge
which had been brought against her of having attempted to poison
her husband. She goes on, in the translation in Mr. Newton's
" History of Discoveries at Halicarnassus, Cnidus, and Branchidæ,"'
p. 719, " If I have given poison to Asclepiades, or meditated in my
soul to do him any injury, or if I have called a woman to the temple,
giving her a mina and a half that she might take him from the
living, may Antigone go up sold from among the fellow-slaves to
Demeter, and may Demeter not be propitious to her, but may she
suffer great torments. If any one has spoken to Asclepiades about
me, or has brought forward the woman as a witness, giving her small
copper money . . P The rest is lost, but we read on the back of
the lead the reservation, " May it be lawful for me to go to the bath,
or under the same roof, or to the same table
which Mr. Newton
explains, in company with the person against whom the curse is
directed. As among the small number of these tablets here preserved there appears to be another accusation of this same description, it would seem that the Greek ladies of Asia Minor were rather
addicted to poisoning their husbands.
The most common offences which appear in these tablets are
petty thefts and dishonesty in various forms. The retention of a
lost garment is, in two different tablets, the occasion of an imprecation. In another a female named Artemeis complains of some
one who withheld garments given her in trust, or, as we should now
say, m pawn, so that this was a practice already in existence at this
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remote period, and apparently with similar results to those which
sometimes occur at the present day. There are two tablets involving
an imprecation on the part of Nanas against Emphanes and Rhodo
for non-restitution of property given in trust by Diocles ; and there
are other instances of imprecations against persons for retaining lost
garments. One tablet contains the imprecation of a woman against
the person who had stolen her bracelet, and the object of another is
the theft of certain drinking horns. On another we find an imprecation against certain persons guilty of assault. There are also two
tablets directed against an offence of a more delicate character,
which we may therefore suppose to have been of rather usual occurrence.
Two ladies devote to the anger of the infernal deities
persons of their own. sex, who had seduced from them their husbands.
It may be added that the lady who grieves over her stolen bracelet
takes the opportunity, at the same time, of devoting to the anger
of the same deities all persons who had defrauded her by giving
false weight.
The last part of the " Reliquary" records the accidental discovery
at WINTERTON, near Brigg, in Lincolnshire, of a POTTER'S KILN OP
THE ROMAN PERIOD.
Winterton is in the northern part of the county
of Lincoln, and it is interesting to us from the circumstance that so
many traces of Roman potteries have been found in these eastern,
parts of the island. The celebrated Durobrivian ware was made at
Castor, which, though in Northamptonshire, lies just upon the
borders of Lincolnshire. The pottery found at Winterton is a blue
unglazed ware, rather well known to the antiquaries of this district.
Much of it was found scattered about in fragments, but no complete
vessel; but the fragments belonged to vessels of various forms.
Some pieces were ornamented with the finger and thumb, and others
with lines and points. The discovery was made in the course of
digging for sand, and, as a sepulchral interment of the Roman
period was found within the limits of the same sand-pit a few months
ago, it is probable that further exploration might lead to important
results. It should be stated that the spot on which these remains
were found is about half a mile west from the Roman road which ran
from the south to the banks of the Humber.
It may also be well to call attention to the account of the
opening of TWO EARLY BARROWS IN CORNWALL, given in our contemporary the " Archæologia Cambrensis," because they point to some
facts in regard to dates. The first of these barrows was one of a
group of three on Morvah Hill, about four miles and a half north of
Penzance, and contained a very elaborately-ornamented urn of the

282

ARCHÆOLOGIA.

style commonly called early British, filled with bones. This urn
was unfortunately broken in the progress of the excavation. With
it were found eight or nine small Roman coins. " These at first sight
seemed to be brass, but many on being touched fell to pieces.
Whether they are clay casts, or actual brass coins in a state of
corrosion, can hardly be determined. On the obverse of one of
them, a middle brass, is a laureated head to the right, with the inscription CONSTAN. very plain. On another, the head and shoulders
of a man are also very distinct. The head is to the left ; the circle
of a shield is below, and from it protrudes the point of a spear. No
legend is visible ; but probably it is the third brass of Crispus,
coined in London about the middle of the fourth century." There
can thus be no doubt of tho date of this urn ; it belongs to the
later period of the imperial rule in Britain.
We hear through communications from France of a great act
of antiquarian vandalism contemplated there — the destruction
of the fine ROMAN WALLS surrounding tho town of DAX. Dax,
which is the chief town of the department of the Landes,
occupies the site of the ancient town of the Aquœ Tarbellicœ,
ov .Aquœ Tarbellœ (as it is called in Ausonius), and was so called
from the extensive hot springs with which it abounds, and from its
situation in the country of the Tarbelli. Its modern name, more
properly spelt and written D'Acqs, is, as will be seen, derived immediately from that of the ancients ; it contains at present about six
thousand inhabitants, and, till about twelve years ago, was entirely
surrounded by its Roman walls. Strangely enough, owing to some
extraordinary want of instruction and intelligence in this district, it
was entirely unknown that these Roman walls were in existence,
and they only then became suddenly known by the accidental visit
to the place of a well-known French antiquary, M. Léo Drouyn ;
and which is no less extraordinary, the municipauté and inhabitants,
in the expectation of obtaining thereby some alleged industrial
advantages, had, even after tho discovery of their importance, formed
a plan for their destruction, obtained the sanction of the government, and commenced vigorously the work of demolition. The
French antiquaries now interfered, led by the experienced talent of
M. de Caumont, and soon afterwards the place was visited by our
own well-known antiquary, Mr. Roach Smith, who published an
interesting account of the Roman remains, with engravings, in the
fifth volume of his valuable " Collectanea Antiqua." Through the
collective and individual exertions of these gentlemen, the Emperor
was induced to interfere, and a stop was put to tho work of destruction.
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Now, however, we understand that tho people of Dax aim at completing this work of vandalism, and that, by means of very grave
misrepresentations, they have obtained a kind of surreptitious
license to destroy all that still exists of the Roman remains. It is
to be hoped, however, that they will not succeed in their design ; for
M. de Caumont again stands forward, and has published an energetic
statement of the case in the new number of the " Bulletin Monumental" (just published), and it is hoped that the voico of antiquarian science will be raised as earnestly and listened to as readily as
on the former occasion. It is very desirous that some means might
be devised to put this interesting historical monument out of the
reach of future danger.
T. W.

PROGRESS OF INVENTION.
LOCKETS.—Mr. William Gilbert, of Birmingham, has invented a method
of making lockets which he describes as follows :—I make the frame
carrying the miniature or other article to be held in the locket turn out
of the locket at the side of the case, somewhat after the manner in which
the blade of a pocket knife turns out of the handle, instead of making
the locket open by a lid, similar to the lid of a box. I make the case of
the locket out of one piece of sheet-metal folded at its middle, the blank
having the figure of tho two sides of tho the case joined together by a
narrow strip or band. I also make tho frame of the locket of a blank
having the figure of the two sides of the frame joined by a band or strip
at the middle. When doubled at this band, the frame is fixed in the case
by means of the suspending ring, which passes through a hole in tho case
and frame opposite or nearly opposite the bands where they are folded.
The frame of the locket turns upon this suspending ring as on a centre.
The folded band of the case constitutes a stop, against which the folded
band of the frame shuts or abuts, and by which the motion of the frame
is limited. The folded part of the frame also constitutes a catch, by
means of which the frame may be drawn out of its case by the application of the thumb or finger nail.
DECOMPOSING THE SULPHURETS OF IRON CONTAINED IN ORES, COAL, ETC.

—M. Edmond Grandidier, of Paris, has invented a process for effecting
this object. It consists in the application of heat and compressed air, or
of heat and compressed steam, to the decomposition of the sulphurets of
iron contained in various mineral products, such as ores, coal, coke, and
other substances. A cylinder is made sufficiently strong to bear the
required pressure, into this the steam is forced by a pump, or passes
direct from the boiler. The pressure required for desulphurisation being
generally about two atmospheres. When the operation is carried on in
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the vicinity of blast or other furnaces, the waste heat of the latter may
be utilised for the purpose of this invention. Among the more important
applications of this invention, may be noted the dcsulphurisation of
the coke used in the manufacture of iron and other metallurgical operations.
GLOVE FASTENING.—Upon tho thumb side of tho glove, at the place
Avhere the button hole is usually formed, a plate is sewn ; this plate has
two apertures, one of which is used for securing it to the glove, the other
forms an eye or loop, to serve instead of a button hole. On the side of
tho glove opposite to the thumb, a laco or tape is attached, the other end
of which is carried under the rear end of a hooked plate, which forms
the clasp, then up through a slit in this plate, and down through another
slit, coming out again at the rear end of the plate or clasp, and terminated by a tassel, this tassel coming out underneath the edge of tho
clasp holds both in position. The other end of this clasp or plate terminates in a hook to take into the eve, which serves as a button hole.
Gloves furnished with this arrangement can be unfastened in two ways,
cither by raising the plate or clasp, and drawing the lace, or by simply
releasing the hook from the eye. The tape or laco can be made of elastic
material. These fastenings may be removed from one glove to another,
by making the glove with two button holes, and putting on the fastening
two buttons, so that the eye and tape instead of being sewed or riveted,
may be fastened to the glove by buttoning. The inventor of this fastening is M. Theodore Deschamps, Hue de Choiseul, Paris.
TREATING CAST IRON.—PRODUCING STEEL, ETC.—Mr. Heaton, an account
of whose process for the puri6cation of iron from carbon, sulphur, and
phosphorus has already been given (STUDENT, vol. i. p. 74), has patented
two improvements, which have lately received the Royal Seal. The first
of these relates to the treatment of pig-iron, and it consists in subjecting
the iron, contained in a suitable furnace or converter, to the action of
nitrate of soda or potash, or other suitable nitrate, with or without the
employment of a blast, in such quantities as that tho impurities in the
pig or cast-iron shall bo partially or wholly removed with tho abstraction
of the smallest quantity of carbon practicable, the object being to purify
the pig-iron, and not lo convert it into steel or malleable iron. The
second patent is for the production of steel, and consists in the employment, for this purpose, of the purified or converted pig or cast-iron, or
the combination of iron and carbon, such as results from the action of
nitrate of soda, or nitrate of potash, upon cast-iron when in a molten
state, either alone or in conjunction with a blast, and contained in a converter, such as is described in a former specification, or in any other
converter or furnace together with metallic iron, such as sponge-iron,
scrap, bar, or any other form of metallic or malleable iron. The product
resulting from the action of nitrate of soda or potash upon pig or castiron, as before-mentioned, is to be melted in a suitable furnace or crucible,
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and metallic iron is to be added to it, and to be dissolved in it, or alloyed
with it, until the molten metal shall have attained such a compositibn as
may be required, either for the production of steel, or of other compounds
of iron and carbon resembling steel.
MANUFACTURING AND APPLYING GAS AND VAPOUR.—The first part of
this invention consists in forcing air through, or over hydrochloric acid,
for the purpose of taking up hydrochloric acid gas with the atmosphere,
for applying it in the manufacture or refining of iron, steel, copper, or
nickel, and the like, while such metals are in a fluid or molten state
The second part consists in causing atmospheric air, in a cold or heated
state, to be forced through or over hydrochloric acid, and then through
wood, naphtha, or mineral turpentine, or volatile spirit, for the purpose of
taking up hydro-carbon vapour. This mixture is then forced through or
over the metals while they are in the molten state, during the manufacture
or refining thereof,, for the purpose of taking up sulphur, phosphorous,
etc., or other impurities which the metal may contain.
Mr. James
"Webster, the inventor of this process, also applies it to articles of
wrought-iron, wholly, or partially finished, which require to be case
hardened on their surfaces. He places such articles in a closed receptacle,
which is to be heated to a red heat, and his mixture of air, and other
gases or vapours, is passed into the receptacle, the time varying according to the desired thickness of the hardened skin.
MAKING AND APPLYING ANILINE BLACK, by Mr. James Higgin, of Manchester.—^Commercial aniline is employed : this generally contains
toluidine. The first part of tho invention consists in making a solution
of aniline by mixing it with a solution of a metallic salt, such as tho
chlorides of iron, of tin, or of chromium. In some cases, the metallic
base of the salt employed is precipitated, and chloride of aniline
remains in solution, aud in some cases the metallic base is only partially
precipitated, whilst in others, no precipitation takes place, and a compound solution is formed. Along with the above-mentioned aniline
solutions, may be used the other materials generally employed in making
aniline black, such as chlorate of potash, and sulphide, or other copper
salt in use for this purpose. Sulphates of the above metals can be used
instead of chlorides ; but in this case, as sulphate of aniline is produced,
some alkaline chloride must be added to the colour. By the second part
of the invention the use of the salt of copper, termed, disulphocyanide,
either in paste or powder, is adopted. This salt of copper can be used
either to take the place of the sulphide of copper, usually employed, the
other materials being as at present used ; or a new black may be made
with one or more of the aniline solutions above described, the disulphocyanide of copper, and chlorate of potash. The treatment, after printing
in these blacks, may be that usually employed.
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MEASURING HEIGHTS.
To the Editor-of .the Student.
Mr DEAR SIR,—On occasion of a visit lately to some of our English
cathedrals and Abbeys, I was desirous of ascertaining the height of the
columns and arches. Unfortunately, I had not provided myself either
with my pocket sextant, or any angular instrument. I therefore folded a
piece of paper, so as to produce an angle of 45' ; and by looking along
two of its edges, arrived at a very rough approximation to the height.
Since then I have contrived the instrument for tho above purpose, of which I
enclose a sketch, of the full she, kindly
furnished by P. 0. Hutchinson, Esq.
The principle is the same as that of the
optical square or sextant, and its size
adapted to the waistcoat pocket. One
which I have made could be contained in
the top of a pencil case ; but this has no provision for adjustment. The
description is as follows :—Two plane mirrors, A and B, arc fixed in a
brass frame, C, which springs at D. A screw at E furnishes the means of
drawing the mirrors nearer to each other, and thus of adjusting them. The
mirrors are set an angle of 223 30'. This by reflexion of course-becomes
45°. The silver is removed at the top of B as in the horizon mirror of
the sextant. Looking, then, over the edge of A, and through B, the
top of an object reflected therefrom is seen on B, and at the same
time a mark (previously made on the base of the object, and equal to
the height of the eye) may bo brought into coincidence with it, by
varying the distance from the base, which distance will then be equal
to the height of the object above the eye. The height of the eye added
to this of course gives the altitude above the ground. F is a piece of
brass filed very exactly to an angle of 22' 30', the occasional insertion
of which between the mirrors, furnishes a ready means of adjustment
by the screw E. Instead of the brass frame and screw, I have also
made the instrument, simply by separating the mirrors by stout cards
board cut to an angle of 22 30', and cemented to them with liquid glue,
all being then covered with leather ; but here there is no means of adjustment. If required, a sight-hole may be pierced at the upper part of A, a
corresponding portion of the silver being there removed.*
* In a subsequent letter Mr. Heineken says :—" The mirror being fixed in a firm
frame, without spring, as near to the angle of 22° 30' as possible, let the point of the
frame of the front mirror be sprung at the confining edge, and at the back of the mirror
let there be inserted a free plate of thin brass, against this let a screw press, tapped in
the back of the frame itself. This, in fact, is the plau adopted for adjustment in sextants.
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The following method of subdividing the graduations of aneroids, etc.,
which I have contrived, may be of service to some of your readers. On a
small plate of glass, from five to ten lines radiating from a centre, are ruled
with a diamond point. If this is placed on the covering glass of the
aneroid, it may be so adjusted as to subdivide any scale within the
limits of the radiating lines, a lens, of say two or three inches focus,
being used for reading both at the same time. The lines in fact
form a kind of universal dividing scale.
I enclose one of the pieces of ruled glass for your trial and acceptance.
For easy reading the lines should have been somewhat coarser.
Believe me, my dear Sir,
Yours truly,
N". S. HEINEKEN.

Sidmouth, Feb. 26,

1869.

We have to thank Mr. Heineken for the ruled glass, which is easily
used as he describes.—ED.

LITERARY NOTICES.
INTRODUCTION TO
SCIENTIFIC CHEMISTRY.
Designed for the use of
Schools and University Matriculation Examinations.
By F. S. BARFF,
M.A., Christ College, Cambridge ; Assistant to Dr. Williamson, Professor
of Chemistry, University College. (London : Groombridge and Sons.)—
The great change which has taken place in theoretical chemistry has
created a necessity for new text books, and Mr. Barff has ably supplied a
want urgently felt in all good schools.
Those who are not acquainted
with the new chemical views, will not readily understand their bearing
upon practical teaching. They will be apt to argue that the facts remain
the same, and that the hypotheses based upon them are of comparatively
little consequence, or at any rate, only concern very advanced students.
Such arguments are, however, exceedingly fallacious.
The new theories
have grown out of a more exact and extended observation of the actual
conduct of bodies under different conditions, and they have led to a wonderful improvement in the mode in which chemistry can be taught, and in
which it is taught in those schools (not too many) which keep pace with
the times. No good teacher will torment his pupils with theories they
cannot understand. All sound teaching in physical science must begin
with facts, and the reasoning dependent upon them ought not to be introduced until the pupil knows enough to follow it in an intelligent way,
and can discriminate between those portions of theory that are well
established, and those which are more or less doubtful guesses at truth.
The great art of teaching chemistry well, consists in marshalling the

238

LITERARY NOTICES.

facts in a good logical order, and introducing as little as possible that
cannot be immediately explained.
Many works are bad because their
arrangement is muddling, and others are mischievous because their
attempts at explanation continually suggest erroneous ideas. Mr. Barff's
experience in teaching, under Professor Williamson, at University College, has enabled him to avoid these errors, and we are glad to see that
he has had the courage to depart from the common plan of pestering his
pupils with atomic weights and symbols before they can possibly know
what they really mean.
The present work begins with simple explanations of chemical action,
density of bodies, weights, measures, etc.
Then follow chapters on
hydrogen, oxygen, nitrogen,, carbon, and their compounds, after which,
chlorine, bromine, iodine, fluorine, sulphur, phosphorous, boron, and
silicon are treated of, and conclude the first part. This first part having
laid a good foundation of fact and experiment, the second part introduces
chemical theory, and resumes subjects introduced in the first part,
carrying the informations further, and : employing symbols, molecular
weights, etc.
A student at the beginning of his career, is always puzzled by speaking
of atomic weights as abstractions? Mr. Barff, therefore, in his first part,
deals with absolute quantities in grammes and litres, selected in proportions
which lead up to tho atomic and molecular weights subsequently mentioned. By this means "the progress of the pupil is greatly facilitated,
and unintelligent cram effectually stopped.
At the close of each
chapter in the first part, a number of questions are given, to which
answers are appended. This is a valuable feature in the scheme, and
though not new, is better carried out than we recollect in any former
book. At the end of the second part there is another series of questions and answers, the latter exhibiting in detail the mode of makinoall the calculations required.
The book concludes with advice to
candidates under examination, and a list of questions on chemistry in
London University examination papers (matriculation), from January,
1865, to January, 1869, with the answers worked out.
We believe Mr. Barff's is the first book in which the new nomenclature is strictly adhered to, and this is of more consequence than at
first appears, for although in many cases the choice between the new
and the old name is simply a matter of convenience, yet cases frequently
occur in which the latter names suggest opinions no longer deemed correct.
Like all chemists, Mr. Barff finds himself in difficulty with the old terms,
acids, bases, and salts.
If all the things called acids, are examined, it
will be found impracticable to tell what an acid is, and as "bases" are
things which possess properties opposite to acids, they cannot be
properly defined while no definition can bo given of the latter.
" Salts" are equally troublesome, and, before long, it may be hoped no
names will be used which have such fluctuating and variable senses. It
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is bewildering to call things which are not sour, " acid ;" to denote as
"salts," things soluble and insoluble, acid, alkaline, or neutral, as respects
vegetable blues. Mr. Barff has made the best of these matters, and
certainly, no elementary work on chemistry teaches so much in so simple
a way. Knowing how difficult it is to get good books into schools, we
must congratulate the University school for its good sense in adopting
this work as soon as it appeared.

NOTES AND MEMORANDA.
NEW DIRECT VISION SPECTROSCOPE. — At the soirée of the Royal Society, Mr.
Browning exhibited a direct vision spectroscope, small enough to be carried in the
pocket, yet so powerful, that, it shows the D lines widely separated. The instrument
contained ten prisms ; four of these were of the great specific gravity 45. This is the
densest glass that has been ma'le for optical use in England. Although it contains a
great quantity of lead, it seems to preserve a good surface. But in Mr. Browning's
arrangement of the prisms the oxidiz>ible surfaces are so completely protected from the
action of the atmosphere, that the spectroscope might be used in a chemical laboratory.
THE TRANSIT OF VENUS AND THE ASTRONOMER KOYAL.—Mr. Proctor has been
engaged in some investigations which impugn the accuracy of the Astronomer Royal,
who stated that the transit of 1874 is useless, so far as the mode of observation applied
to the transit of 1709 is concerned, and suggested a mode of observation less perfect in
itself, requiring many precautions, and little to be affected by chronometer errors.
Mr. Proctor affirms that the transit of 1874, so far from being useless as respects the
simpler mode of observation, is more valuable than the transit of 1882. If Mr. Proctor
is right, the Astronomer Royal has been led into error by adopting an unsound method
of testing the value of particular transits. We understand that Mr. Proctor has sent a
paper on this subject to the Royal Astronomical Society, and, as some of the first
mathematicians belong to that learned body, their decision as to who is right will be
looked for with interest.
MUSICAL INTERVALS. —Several papers on this subject have lately come before the
French Academy. One of tho most interesting is by MM. A. Cornu and E. Mercadier,
in which they come to the conclusion that a single scale will not satisfy all conditions.
They affirm that the intervals in a scalo of a melody are not precisely the same as in a
scale of harmony. Tney remark that sounds that are pleasing in succession as melodies
aro not necessarily pleasing when superposed as harmonies, and we may even be astonished
that the octave, the fifth, and the fourth do satisfy both conditions. The ear is most
exacting when listening to melody only. In harmony, the volume of tone has also
much to do with the variations from exact scales, that are permissible, because agreeable.
Mr. Evans, the maker of the most perfectly tuned and voiced harmoniums, tells us that
powerful organs cover up discords that are intolerable in instruments which yield only
a small volume of tone.
THE LAND LEECH, Trochœta subviridis.—Some interesting correspondence has
been published in " Land and Water," proving that tho above leech is a native of this
country, as Dr. Gray affirmed in 1850. Some specimens, sent by a correspondent, were
recently examined by Mr. Henry Lee, who identified them with the Trochœta subviridis
of Dubochet. He showed them to Dr. Baird and the Rev. W. Houghton, by whom the
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identification was confirmed. When Dr. Baird put some of them into strong spirits,
the colour left them, and gave a sine green hue to the fluid. Mr. Houghton shows that
Dubochet considered them entirely terrestrial, while Moquin Tandon asserts that he
kept them alive in water for more than fifteen days. Mr. Houghton says that neither
of the individuals sent to him seemed at all at home when placed in water.
ANTIDOTE TO PHOSTIIOKUS POISONING.—M. J. Personne states, in " Comptes Pendus,"
that spirits of turpentine acts as an antidote to phosphorus. He considers it to have tho
property of arresting the action of phosphorus in depriving the blood of its oxygen,
and thus causing death if tho dose is large, or fatty degeneration, if small. He states,
on the authority of M. Ambroise Tardieu, that French criminal statistics show that
phosphorus has taken the place of arsenic as a popular poison, and that this has arisen
from its employment in matches, and in the form of paste, to destroy noxious creature*.
He refers to a statement of Dr. Letheby, that in an English lucifer factory the workmen are protected against the fumes of phosphorus by carrying small open vessels of
turpentine on their breasts, so that the vapours of that substance are constantly
inhaled. M. Personne's experiments were made on dogs, and were successful in eight
cases out of ten, in which poisonous doses had been administered.
DEVELOPMENT OF SKULL IN DOMESTIC FOWL.—Mr. Kitchen Parker has brought
this subject before the Royal Society, in a valuable paper, in which he says, "The
multiplicity of parts in the bird's skull at certain stages very accurately represents what
is persistent in the fish, in the reptile, and to some degree in certain mammals, but the
skull at first is as simple as that of a lamprey or a shark, and in the bird, above all other
vertebrates, reverts in adult ago to its primordial simplicity, all, or nearly all, its metamorphic changes having vanished, and left no trace behind them."
FLUID CAVITIES IN MINERALS.—" Proc. Roy. Soc," No. 109, contains an important
paper by Messrs. Sorby and Butler, on fluid cavities in rubies, sapphires, diamonds, etc.
A specimen of sapphire, of which they speak, exhibits a remarkable cavity, containing a
fluid which appears to be liquid carbonic acid. They said of this fluid, " Though the
expansion below 30° (Cent.) was very great, compared with that of any other known substances, except liquid carbonic acid and nitrous oxide, when the temperature rose above
30° (C.),it was so very extraordinary, that it was not until after having performed the
experiment over and over again that Mr. Sorby felt confidence in the results." They
found the expansion 780 times as much as that of water would be, and 69 times as much
as air and permanent gases. Above 32° (C.) the fluid quite filled the cavity, so that its
further expansion could not be ascertained.
H HAT OF TnE STABS.—Mr. Huggins has laid before the Royal Society (in "Proc")
experiments made with his 8-inch refractor and a delicate thermopile, on the heat of
stars. He obtained deflections of the needle with Arcturus 3" in fifteen minutes ;
Sirius 2° ; no effect from Castor ; Regulus 3'.
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THE gastric and perigastric cavities of the majority of the Actinozoa are limited, inferiorly, by the membrane which covers the
inside of the base, and they are not subdivided by any tissues which
interfere with their continuity from the under surface of the tentacular disc downwards to the base. In the minority of the Madreporaria this is also the case, and when the soft parts of the corals
have been washed away, the radiating septa bound spaces—interseptal spaces, or interloculi, which are open from the inner base of
the corallum to the calice. The fleshy polypous covering of the
Gorgonides and Antipatharia forms a more or less elaborate tubular
water system on which the bases of the polypes rest, so that a
section of one of them presents at its inner base the radiating
foundation of the mesenteric folds and the water tubules. The
hard stems of these last-mentioned corals do not receive the polypes
into cavities within them, as is the case in the branching Madreporaria, and consequently there are never any sclerenchymatous
processes which limit the great internal cavities of such types as
Corallium and Gerardia.
But in the great majority of the Madreporaria, the continuity of the
great cavities is constantly being interfered with during the upward
growth of the polype, and its stony sclerenchyma. Such a corallite
(as the term is in the case of aggregations, or corallum in the case
of a simple form) grows by the deposition of new matter on the top
of the septa, the wall, and costæ, the most superficial of the hard
parts ; and the length of the perivisceral cavities, aud the depth
of the interseptal loculi increase with the growth. The growth
above is, however, compensated by a shortening of the length of
the great cavities below, so that however rapidly a corallite may
assimilate the carbonate of lime for its flourishing sclerenchyma, and
may elongate, the length of the mesenteric folds, and the depth of
the visceral and perivisceral cavities always remain much the same.
Coincident with the growth above is the occurrence of a series of
projections of the inner tissue from the wall and sides of the septa
VOL. III.—NO. IV.
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a little above the base. The sclerenchyma passes into these projections which may be arched, or straight, or both. As these processes grow towards the median line, they close in a space which is
of course quite shut off from the general cavities above when the
projections between all the septa meet. The simplest form of these
shutting-off growths is quite horizontal, and is called a tabula.
Tabulæ pass quite across from one side of the inner part of the coral
to the other, completely shutting-off a space. They occur in series
one over the other, so that a tall corallum may contain many compartments one over the other. The curved processes are called
dissepiments, and they occur in superimposed series so as to give a
cellular appearance to longitudinal sections of corals. The tabulæ
and dissepiments constitute the endotheca, are developed by the
innermost layer of soft tissue, and they lose this covering inferiorly
when the space they bound above is closed. The whole of this
space loses its soft tissues, and as space after space is superimposed,
so does all the coral below the uppermost dissepiment, or tabula
die. As the endotheca is developed, the mesenteric folds are raised,
for the lower surface of the tentaculiferous disc is elevated at the
same time in consequence of the growth of the septa. The upper
surface of the uppermost dissepiment, or tabula, forms the floor of
the visceral and perivisceral cavities just as in other corals which
have no endotheca, the inner part of the base fulfils this duty. On the
outside of the Madreporaria, which develope endotheca internally,
there is a corresponding structure between the external prolongations of the septa,—the costæ, called the exotheca. It happens
very generally, but not universally, that an exothecal projection
on a level with an internal dissepiment limits the downward growth
of the soft tissues externally, so that the extent of the internal and
external soft tissues is regulated. They cease at a certain definite
line, and all the hard tissues below it are extra-vascular and
dead.
In rapidly-growing Madreporaria very little of the
great mass of the corallum is really alive, and the soft tissues
only reach down internally and externally a few lines. I shall
recur to this part of my subject, but it is necessary to observe
that the limitation in depth of the mesenteric folds is compensated
by a regular increase in their number by the formation of septa,
and consequently of interseptal loculi, for most Madreporaria increase
in diameter as they grow in length. As has been already noticed,
each intcrlocular or interseptal space contains a mesentery which is
attached close to the under part of the disc, is free below, or attached
to the tissue covering the endotheca, or the true base, and free
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internally, where superiorly are the so-called cordons pelotonnes.
The cord-like fringe which is attached to the internal and free
surface of the mesenteric folds, joins them close up to the pylorus,
and reaches low down, where it becomes free. These fringes have
been called by many names, and have had various physiological
duties assigned to them. Edwards and Haime termed them the
cordons pelotonnes, and they have generally been considered as part
of the reproductive apparatus. But the evidence that they are

SECTION 01' A POLYPE

OP GEEAHDIA

(LDCAZE-DUTHIEES).

ovaries is wanting in exactitude. They have been described as
being tubular, but very careful research fails to detect a canal, and
they gradually become joined by a community of tissues internally
with the mesentry, a faint line very structureless intervening. On
the outside of the cordons are large cilia situated upon a tissue
formed by great nematocyst cells, but the inside is like that of the
mesentery, the inner layers of the tentacules and of the tissues
generally.
The mesentric folds evidently produce within themselves ovaries
or spermatic capsules, as the case may be, or both of these elements
of reproduction. Hermaphroditism is however rare in the Actinozoa.
Usually a considerable series of calices in a compound coral are of
the same sex, and it is very probable that there are male and female
compound individuals, but further researches are required on this
point. The folds are intensely ciliated on their free lateral surfaces,
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and their internal structure is that of neniatocyst and globular cells
connected very loosely together. If there are any ova the mesenteries will be found to be swollen in an oblong form, nearly midway between the superior junction with the cordons and their lower
end, and it is evident that the lax cellular tissue has some unusual
histological elements within its meshes. The existence of opaque
masses more or less coloured, in the tissue of the mesenteric folds,
may be determined with the aid of a low magnifying power, they
are the ovaries, and their structure is cellular like the rest of the
fold, but some of the globular granule-bearing cells are taking on
the appearance of ova, and are becoming more or less possessed of
the true character of germs, according to the time at which the
ovarian mass happens to be studied.
Lucaze-Duthiers in describing the generative organs of Gerardia
says, that the largest ova are oval, have a coloured granular vitellus,
and a colourless vesicle with an included germinal spot.
The vésicule of Purkinje often occupies the large end of the ovalshaped ovum and even comes in contact with, and lifts the vitelline
membrane. There are some evidences of a micropyle at the smaller
end of the membrane. It is difficult to determine without careful
tearing up whether a mesenteric fold is acting as a stroma for ovaries,
or for the male element. This is developed in the same position as
the ovaries and ova, and occasionally it may be distinguished by the
want of colour in the oblong swelling in the fold, for the ovarian
masses are reddish, from the faint red tinge of the vitellus, whilst the
spermatic capsules are a faint yellow. The spermatic elements are
developed within capsules or large cells, which are scattered about in
the inner lax cellular tissue of the mesenteric folds ; they have, even
when slightly developed, a very curious appearance, on account of
the very pellucid character of their central mass. The capsulaimembrane is oval, colourless and transparent, and very homogenous ;
it encloses cells, granules and corpuscules, mixed up with the spermatozoa, but centrally there is the appearanco of a hollow space.
An oval capsule is about T'-0"0 of a millimètre in length, and the
contents escape at the large extremity. The spermatozoa have a
large refractile head and a long tail, which as is usual is very elastic,
moveable, and acts as an impulsive agent to the blunt end ; they
resemble those of the higher animals, and are vigorous in then*
motions in sea-water. The ova and capsules increase in size within
the mesenteric folds of the Actinides, and finally reach the perigastric
cavities by rupture of the ciliated membrane of the fold, but in the
Alcyonaria the ovaries and the capsules are prolonged into a fold of
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the mesentery, which soon separates into a series of peduncles,
which allow the male or female elements as the case may be, to float
in the visceral cavity, hanging on to the mesenteric structures. When
mature the pedunculated masses give way, and ova or spermatozoa
are set free. The spermatozoa, after escaping from their capsules, swim
freely in the water of the visceral and perigastric cavities, and rush
into the surrounding sea through the mouth or the tentacular
canals when these last exist. The male elements are assisted in this
by the cilia of the tissues of the cavities and by their own peculiar
power of movement.
Once in the medium around the corals, the spermatozoa have to
thank the usual chapter of accidents for an opportunity of being
placed within the range of the ciliæ of female Actinozoa. By the
currents produced, they are forced through the lips, down the stomach,
and into the visceral cavity, and coming in contact with the mesenteric fold they have the opportunity of perforating its tissues, and
of entering the micropyle of an ovum. Probably the water around
vigorous corals is at times crowded with the spermatozoa, and vast
numbers of them may be taken in at once. Moreover, the duration of
the season for impregnation may be considerable, for considering that
every tentacule represents a mesenteric fold, and each of these contains
hundreds of ova, and the myriads of tentaculiferous polypes there
are in a good sized compound individual, it is not probable that all
the ova must of necessity be affected by the spermatozoa at one particular time, so as to render fertility inevitable. Nevertheless, there must
be an enormous number of ova never fertilized, and a corresponding
bulk of unused spermatozoa. How the blunt-headed zooid manages
to get through the ciliated tissue of the mesentric fold, and then to
come in contact with and penetrate thé micorpyle of an ovum has
not yet been determined, but it is evident that a great current sets
in down the mouth into the cavity lined with the mesenteric folds,
and then occasionally outwards through the tentacular canals.
Such a current would bring the zooids within reach of the ova if
any of them were large enough to distend the fold. Less difficulty
must occur in the impregnation of Alcyonarians whose ova are
simply covered with a delicate membrane, and which are floating in
the visceral cavity being held by their peduncules. In this case the
contact must be easy and inevitable. Probably soon after impregnation these pendulous ova become ciliated and burst their containing
membrane.
There must, however, be a different process in the Zoantharia,
whose ova are surrounded by a stroma of cells.
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The impregnated ova in these, escape by rupture of the surrounding cellular tissue. Having previously become very ciliated
they move freely about in the visceral and perivisceral cavities.
Either they pass out of the mouth of the parent by the aid of their
ciliæ which enable them to move in the sea as long as the first stage
of their life lasts, or this stage is passed within the visceral cavities,
and the perfect Actinozoa emerge ready to become fixed to their
permanent position.
There is something very remarkable in these ciliated ova, for
they constitute a larval stage : they are more than ova, for these
have no cilia when within the mesenteric folds. A certain development has taken place to fit them for locomotion, but they do not
appear to assimilate, or even to receive food. In the Cerianthes,
the larva after a while becomes thin and conical at one end,
but a concavity is noticed at the other, previously to a small
opening being formed which permits some granules to escape.
This is the future mouth. Four little projections arise around the
mouth, the earliest of the tentacules; and then two folds are
noticed, which are the rudimentary lips. At the expiration of a
longer or shorter period, the tentacular appendages become contractile, and surround a dilatable mouth ; the whole of the surface
of the larva becomes elongate and highly ciliated, and the Cerianth
swims head downwards, like one of the Medusæ. It finally settles
down, is more or less covered with sand, and developes a multitude
of tentacules, and around itself the remarkable sheath which characterises the genus. The Actinidæ soon develope six tentacules instead
of four, and their base becomes flattened, so that they readily attach
themselves. All the Alcjonaria produce eight tentacules, and no
more ; so that as the polypes increase in size, there is no increase
in the number of the mesenteric folds. There is, moreover, a distinction between the mesenteric folds of the Alcyonaria and those
of the Actinides ; for they are intimately joined in pairs in the
first, and open for the further development of sub-tentacular growth
in the last. To conclude this short résumé of the reproduction of
the Actinozoa, it may be noticed that Cerianthus is a genus which
has hermaphrodite polypes, the ova and the spermatic capsules
being found in the same mesenteric fold.
The development of the sclerenchyma is very difficult of observation in the Madreporaria, but it has been very well followed in
the Gorgonides and Antipatharia. Some simple Madreporaria, and
a great many of the aggregated forms, have a dense lamellary
tissue, or a fine and semi- transparent layer, which acts like a sheath
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to the outside of the lower part of the coral. It covers over the
outside wall aud the costæ up to a certain height, reaching even to
the calicular margin in some genera. It can be broken off, and the
tissues beneath are then shown in all their perfection. This epitheca,
as it is termed, is rarely ornamented ; is abundant or rudimentary, as
the case may be; and even,in some fossil species, forms the outside
wall, replacing the true wall completely ; it is often produced into
ridges, spines, and radicules. Secreted by a special tissue, it is
present in every species at that stage when the larva attaches itself
to a foreign substance. It forms an agglomeration of granules at
the base of the larva, and fixes it. The growth subsequent to this
depends upon the species ; but it does not go on until the sclerenchymatous nodules or granules are deposited within the layers of
the innermost tissues in sufficient quantity to form the base of the
wall and the first traces of septa. When the wall, septa, and costæ,
with their accessory dissepiments, attain a certain development, the
epitheca grows again, but it always remains connected with the base.
The hard tissues, with their surrounding soft parts, are covered by
it, and it loses its own secreting tissue very soon inferiorly. It is
the secretion of the hard parts (thus covered) by the ' deep tissues
of the Madreporarian polypes that gains for them the name of
** sclerodermic " Zoantharia.
In the Gorgonides and Antipatharia, the epitheca is the sole
hard part. There are no walls, septa, or costæ. As soon as the
polype fixes itself, after the end of the larval stage, a basal epitheca,
often red or black in colour, is noticed at its base ; the soft parts
curve over it like the turf over a hill ; and, as growth proceeds, the
elevation increases by the development of successive layers on top
of the basal epitheca. The polypous openings in the sarcode which
covers the greater part of the surface of the elevation, are independent of the hard tissue, and water canals radiate over and cover it.
The elevation, which has really become an axis, remains smooth,
channelled, serrate, or spiculate, branches here and there, and
solidifies more and more. But it is really a continuation of the
basal epitheca, and bears the same relation to the soft tissues of the
Actinozoon as a finger does to a glove. It is not secreted by the
tissues which line the cavities of the polypes, but by the original
external basal membrane.
Hence these Actinozoa are called
** sclerobasic."
The nutrition of the sclerenchyma and of the soft tissues must
now be considered.
The water system of the coral polypes is very interesting to
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those naturalists who are examining the physiology of the Radiata.
It represents the vascular system of higher animals, and regulates
the form of the corallites and the symmetry of large compound
assemblages of them. There is no true blood circulating in the
water canals or forming in the visceral cavities, but the fluid which
passes along them, thanks to ever-active ciliæ, is highly aërated
sea-water, holding granules in mechanical suspension, and some of
the products of digestion in solution. The outside of the coral, that
is to say, the membrane covering the sides and costæ and the disc
with its tentacules and lips are essentially respiratory surfaces, and
the ciliæ are constantly changing the particles of the fluid in contact
with their supporting tissue. No nourishment can be got into the
tissues in this manner, and it must be admitted that the layers of
cells, and nematocysts, and ciliated epithelium remote from the
visceral cavities are nourished by a water system. Within the
calice, the mouth, the short cesophageal tube, the stomach, the lining
of the gastric and the perigastric cavities, the mesenteric folds, and
their fringes, the lower part of the disc, the inside of the tentacules,
and in stony corals the membranes covering the hard parts, are all
in constant oontact with circulating water, holding matters more or
less assimilable in solution. There is a current setting in through
the mouth and stomach, then laterally, and along the mesenteric
folds. On the other hand, there are currents tending to carry the
water out of the gastric cavities upwards through the mouth, and
in and out of the water canals about to be described. Before passing
to this subject, it is necessary to observe that whilst the water system
of the solid hard stony corals is of necessity limited, some of the
commonest divisions of sclerodermic Zoantharia, such as the Fungidæ and the Perforate or Porose corals, generally speaking, are so
formed that there must be a veiy free communication between the
cavities and the external medium, as well as between neighbouring
corallites.
The markings of the water-canals on the surface of the hard
corallum of Gorallium rubrum are very visible, and although they
are not seen on the stems of the sclerobasic Zoantharia, still LucazeDuthiers discovered them in his careful examination of Gerardia,
one of the Antipathes. He proved that the Alcyonaria are universally furnished with a water-canal system, and he infers its presence in the Antipatharia generally. The neighbouring and the
distant polypes of the soft covering of the Gorgonidæ and Antipathariæ have a very close unison as regards their growth and nutrition, and the symmetry of these processes, and the nutrition of the
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parts remote from the centres of digestion can only be produced
and accounted for by admitting the presence of a water system.
In Gerardia there are more or less polygonal lines separating the
neighbouring polypes, and the dark colour of the hard stem is there
visible. Now a series of canals exists in such spots communicating
laterally with the water canals of the polypes on either side. The
water canals are formed, united, and covered by the same kind of
tissue as constitutes the outer covering of the tentacules, and they
open into the bottom of each perigastric cavity in every polype,
just as the tentacular canal opens at the top. The inner walls of
the water canals are very cellular, and resemble the structures of
the inner part of the tentacules. There may be two, three, or four
layers of cells, according to the calibre, and the innermost series is
ciliated, and is continuous with the membrane lining the gastric
cavity. In the Alcyonaria, and particularly in Gorallium rubrum,
there are several layers of superimposed water canals, but this is
not the case in the Antipatharians like Gerardia, which has only one
series. The solitary opening of the water canal at the bottom of
each perigastric cavity is peculiar to the division, but in the Gorgonidæ there are many openings in the outside wall for several
canals in each space between the mesentei'ic folds. This great development has reference to the greater thickness of the soft parts in
the Alcyonaria. One of the most remarkable phenomena of the
growth of the stony corals is the constant likeness which pervades
the external form of the species. Some branch, and always in the
same manner ; others are invariably in a certain bush-like shape,
many are flat, and never anything else in form, whilst scores are
symmetrically globular, hemispherical or fungoid.
Lucaze-Duthiers inferred the existence of a water system in such
stony corals, or Madreporaria (sclerodermic Zoantharia) as Dendrophyllia ramea, because the calices are very distant, and the intermediate ramose sclerenchyma is constantly growing. He very reasonably decides that this intercalicular growth cannot be accounted
for by any immediate influence of the assimilation going on within
the calices, but must bave reference to nutritive processes carried on
in the calices primarily, and influencing in a secondary manner the
hard intermediate tissues with their soft parts, by means of a water
system.
MM. Michelotti et Duchassaing assert that they have discovered
and demonstrated a water system between the calices of some
H eliastœrans and other compound Madreporaria of the West Indies.
They place the canals along the course of the costæ, which reach
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from the outer ends of the septa more or less over the hard tissue
that binds the corallites together.
In the Madreporaria, as in the other families of the Actinozoa,
the fluid circulating through the canals of the water system carries
more or less oxygen for the purposes of respiration besides the usual
salts of the sea, and the digested salts and other eliminated matters,
for the nutrition of the contiguous soft and hard tissues : it probably carries off the products of the secondary assimilation of the
tissues, and must have something to do with a power of absorbing
hard sclerenchyma, which is more or less necessary for tho growth
of certain corals.
The quantity of assimilable matter produced by the digestive
processes, and then circulated more or less by the water system,
must be very small when compared with the quantity of water*there
is to dissolve it, if the stomach, as it is called, is the sole organ for
digestion. But it is very probable that the whole of the surface of
the gastric and perigastric cavities has more or less of a power of
digesting, for the size of the true stomach does not increase in a
like ratio with the extent of the water system, the dimensions of
the folds of the perivisceral cavities or the rapidly-increasing hard
parts. In an aquarium corals undergo a slow starvation, and no
idea can be formed from examining any well-stocked aquarium, of
the enormous amount of microscopic life which exists in the sea,
under certain circumstances. It is not an exaggeration to say that
very often in warm summers minute assimilable entities are so
prevalent in some seas that they constitute a quarter of the bulk
of the whole. Under such circumstances, the vital activity of the
Actinozoa becomes very great, and all the organic processes are in
full vigour.
The Plate represents the corallum of Corallium rubrum growing
on the same block as Gorgonia verrucosa, and a magnified view of a
polype of Corallium rubrum (after Lucaze-Duthiers) is drawn below.
The usual appearance of Anthelia glauca (after Edwards and Haime)
is illustrated also.
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COLOUR IN THE MOON.
BY THE REV. T. W. WEBB, M.A., F.R.A.S.
THOSE who view the Moon for the first time through a telescope are
frequently much impressed by the whiteness of its aspect, which
has been not unnaturally compared with the effect of snow, or of an
iced cake ; and they would probably feel much surprise if they were
told that, as viewed from the Moon, the appearance of our Earth
might not be very dissimilar. And yet such would be the fact. We
would not be understood to assert that the light of our globe would
be of equal whiteness, or perhaps equal intensity, with that reflected
by the Moon, or that there would be no difference between the distant aspect, as to colour, of its continents and oceans, its forests,
cultivated lands, and deserts. Such, there is reason to believe,
would not be the case. The Earth is probably a more particoloured
object to the Moon, than the Moon is to the Earth. We cannot, it
is true, reach a sufficient height above our own globe, even in a
balloon ascent, to compare our prospect with that at the remoteness
of a quarter of a million of miles ; and we can only reason from
more limited data ; but these are sufficient to establish the assertion, as far as local colouring is concerned. We must not, indeed,
overlook a large abatement which has to be made for the profusion
of watery vapour in our atmosphere : the abundance of white light
reflected by the upper sides of clouds and mists must greatly modify
our distant appearance ; as it is believed to do that of the planet
Jupiter. There, the larger part of the globe is usually covered by
what, as far as we can judge, are masses of luminous cloud; and
the whole effect must be very unlike what it would have been had
the atmosphere allowed a free view of the body beneath it. The
comparison, it may be said, is somewhat unfair, inasmuch as a far
greater extent of the surface of Jupiter, there is reason to believe,
is thus concealod than is usually the case with our own Earth, and
the real colouring of our globe must be in proportion more apparent
to a distant spectator ; still it is sufficiently correct in the main to
illustrate the fact, that the light reflected by the Earth upon the
Moon, considered as a whole, is whiter on this account than it would
otherwise have been ; though the cloudless openings, especially in
our tropical regions, no doubt afford a fair view of a curiously
variegated sphere. To some persons, indeed, the idea may appear
somewhat strange and far-fetched, that the Earth should ever appear
as a brightly luminous body, or that at the distance of Mars or
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Jupiter it -would shine like one of those planets, and possibly with
equal splendour, in the midnight sky. Yet there is no doubt that
such is the fact. The difficulty of conceiving this arises from the
circumstance that the sunshine upon those globes is viewed by us
in the absence of the Sun ; but we cannot do this in the case of our
own globe. We never see it enlightened, that is, in reality, shining
with reflected light, except in the presence of the original source of
that light, and then the native splendour of this last, aided by a
strongly illuminated atmosphere, overpowers the impression that it
would otherwise produce even after reflection. For we need only
compare the appearance of the landscape surrounding us at noonday
and midnight, to satisfy ourselves that if it were possible to conceal
tho Sun and darken the sky, while the Earth continued to glow as
it does in sunshine, the latter would be not only decidedly but
strongly luminous. This effect, impossible to us, is not only possible,
but realized in the case of the planets. Owing to the concealment
of the Sun and the darkening of the atmosphere by the interposition of the Earth, we actually see their globes illuminated by full
sunlight, while the source of light is out of sight, and the reflection
alone is visible. And what we see in them, we should doubtless see
in ourselves under the same circumstances ; though what may be
the comparative reflective power of the Earth is of course an
unanswerable question.
Admitting, then, as we must, that our globe is, at a distance, a
luminous planet, and that there is an earthshine upon the Moon,
corresponding with the moonshine upon the Earth, we return to our
original remark as to the striking aud uniform whiteness of the light
of our satellite ; exceeding, probably, that of the Earth ; and we are
led to speculate as to its cause. We shall be in a better position to
do this, if we first examine with some care the more familiar case of
our own reflected light. Our globe, with a surface much more
diversified from the presence of water and its results, would
naturally, as we have said, present to the Moon a disc more variegated with colour. As to general effect, this would be quite true ;
but in detail it would be less minutely spotted and streaked than
might at first be supposed. We are not now speaking of its appearance towards its outer edges, where the greater depth of atmosphere
through which it would be viewed would weaken its tints by its imperfect transparency, and change them by the inequality of its
absorption on different parts of the spectrum. But even as regards
the central portion of the visible hemisphere, where our atmosphere,
at least where unclouded, would produce but little appreciable effect,
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the distance of a quarter of a million of miles would tend to soften
and equalize its colouring. The reason of this should be clearly
understood. It would not be the direct consequence of distance
alone. The transparency of the intervening space being supposed,
distance has no effect upon either the brightness or the colour of
objects. In comparing degrees of brightness, we must consider
those equal in which the eye receives equal amounts of light from
equal surfaces. But the amount of light received by the eye, and
the apparent magnitude of the surface, both follow the same law—
that of " inverse squares
that is, each of them diminishes as the
square of the distance increases ; and consequently the result is an
invariable one. At greater distances the light received by the eye
is less, but the magnitude of the object being lessened in precisely
the same degree, the brightness continues unchanged. This being
equally true, whatever may be the colour of the light, it might at
first be supposed that a distant prospect of our globe would exhibit
a wonderfully chequered and mottled aspect as to local tints. So
undoubtedly it would, if the effect, or rather want of effect, of distance upon colour were alone concerned. But another consideration
comes in to interfere with the result. Though colours are not
enfeebled, the spaces they occupy become less conspicuous with
increasing distance : till beyond a certain limit, the eye ceases to
take cognizance of them : the space which their image occupies
upon the retina is no longer an extended object of vision, but is
contracted into a point ; and the colour of its light must of course
merge into and become confused with the hue of its immediate
neighbourhood, which it will modify in proportion to its intensity.
But white is the product of a combination of all the colours in the
solar spectrum, the effect, therefore, upon the retina of the juxtaposition of a number of particoloured areas, too small to be
separately distinguished, will be that of whiteness ; and this will be
more or less pure, in proportion as tho several tints approach more
or less to the purity and relative intensity of those in the solar
spectrum.
This is, in fact, the celebrated experiment of Newton, in which,
after having decomposed white light by the prism into what are
called " the colours of the rainbow," he sought to reproduce whiteness by an artificial mixture of hues corresponding as nearly as
might be with the prismatic tints. For this purpose, having first
fixed upon seven as the original colours (though in reality the gradations are literally innumerable), he mixed carefully certain
coloured powders, of sueh tints and in such proportions as seemed
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to him best suited to match the natural phenomenon. The result
of course was an imperfect one. The colour of no powder can equal
the purity of refracted light ; and no skill of man could correctly
apportion their quantity or intensity : yet the success was remarkable, and fully attested the sagacity of that marvellous man. The
powder so compounded was by no means absolutely white ; but it
was so fair an approximation that when it was laid in the sunshine
by the side of a white paper in the shade, the eye could scarcely
perceive any difference between them. Yet a powerful microscope,
or a minute insect creeping amongst the powder, if endued with
the sense of colour, would still have distinguished the separate hue
of each single grain.
Now it is evident that the two causes conspiring in the result of
this experiment, namely, that a due mixture of all colours produces
white, and that the eye has no separate perception of coloured
areas beneath a certain magnitude, would both come into play in a
distant view of our globe. The larger surfaces of oceans and
deserts would doubtless retain their tints, as presenting an extent
fully appreciable by the eye ; but the patchwork hues of our cultivated lands, the contrast of our rocks and woods, would disappear
in the general intermixture ; and though no such accurate balance
of tints could be expected as to compose a pure white, the result no
doubt would be some kind of neutral grey, warmer or cooler
according to the predominant colour entering into its composition.
If we now apply to the Moon the reasoning thus drawn Irom
the Earth, we shall readily see that the apparent whiteness of her
light does not of necessity infer a colourless surface. It merely
shows that the coloured areas, if such there are, are not sufficiently
continuous to make a separate impression upon the eye ; and that
they are so far balanced in point of tint, that their combinations do
not all verge towards either end of the spectrum—that is, there is
no general tendency to a ruddy or bluish cast.
We must not, however, entertain an exaggerated impression as
to the perfect whiteness of the Moon. The telescope, while reducing
our apparent distance from it in proportion to the magnifying
power employed, begins to bring out traces of those colours which
would doubtless be much more decided could we actually place
ourselves among them.
The grey in several parts is found to be stained with a touch of
yellow or brown ; and Beer and Miidler have pointed out that the
Mare Serenìtatis, a large and very regular specimen of those wide
plains which characterize the lunar surface, exhibits about the time
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of Full Moon a pale, clear, green tint in its interior, set within a
more shadowy border of iron grey. They admit, however, that it is
not readily seen, and might not be perceived by other observers,
as in fact it has never been very distinctly made out by the writer,
who, in the use of very superior optical means, has always thought
it too yellow to correspond with their description. This is probably
an instance of the difference between eyes or judgments which
astronomers call " chromatic personal equation." The contrast,
however, between the centre and its fringe in point of hue is
too obvious to be overlooked by any observer. In other places,
slight vestiges of colouring have been pointed out ; and especially
by that accomplished artist, Professor Piazzi Smyth, Astronomer
Eoyal for Scotland, who found it impossible to represent, by any
admixture of black and white alone, the portion of the Moon which
he had undertaken to delineate at the request of the then-existing
Moon Committee.
It must notwithstanding be admitted that no positive colour of
any intensity has ever been discovered in the Moon. Nothing in
fact is to be seen more marked than a warmer, or cooler, or greener
tone of the universal greyish white. And this, as we now understand, may either result from the natural colour of the soil, or from
a combination of a variety of tints, confined respectively to areas
insufficient to produce a separate impression upon the eye.
The preceding remarks, however, will be found more expressly
suitable to those great dusky levels which used to be called seas,
and certainly have much the aspect of dried ocean-beds, but whose
analogues at present seem to be the deserts or prairies of our globe.
For in the more elevated and rugged parts of the lunar surface, the
light is usually, though not without some exceptions, of a considerably whiter character ; and some spots exhibit an almost
dazzling amount of reflection, in which the eye detects no trace of
colour. Here, it is obvious, the full extent of our explanation is
less applicable, as we could not imagine the juxtaposition of minute
patches of colour, sufficiently pure, and vivid, and accurate in their
balance; and we must therefore have greater recourse to the idea
of a real whiteness in the soil. In this there will be nothing to
surprise us, as we are sufficiently familiar with it nearer home. If
the analogy of our chalky cliff's should be considered inapplicable,
iuasmuch as the class of aqueous deposits to which they belong is
considered to be unrepresented upon the Moon, we may still refer
to the loftiest crests of Kinchinjunga, one of the highest of the
Himalayas, where the granite rock, according to Hooker, is scarcely
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to be distinguished from the everlasting snow. It is, nevertheless,
evident that there is a far greater proportional amount of such white
materials on the Moon than on the Earth, and that the products of
eruptive action on the former body are far more generally uncoloured than on the latter, where basalts, lava, and scoriæ are frequently of a dark hue.
Thus far, no great difficulty has started up in the way of our
inquiry. We can understand that there is no occasion for the supposition of ice or snow—a supposition quite unwarranted by observation—either actual whiteness of soil, or the juxtaposition of
inappreciably small patches of colour, or both causes in combination^
will sufficiently explain, in a general view, the character of the lunar
light : nor need we suppose that it differs from that of the Earth
(our seas, and snows, and clouds excluded) in kind, but only in
degree. We need only imagine a greater extent of uncoloured
material, or a greater subdivision and closer intermixture of patches
of colour, to account for all that we see ; and we can easily conceive
that in this respect the Moon may not differ from the Earth more
than one region of the Earth differs from another.
But we should be greatly mistaken if we were to think that we
had thus mastered the whole subject. We may stop here, but if we
do, we stop short of the most interesting portion; we may proceed,
but it will be into a region of perplexity and difficulty. Terrestrial
analogy will be of less avail, and we shall be abandoned to the
guidance of conjecture.
This will soon be apparent, even in
replying to the natural inquiry, Is there anything on the Moon
corresponding with the changes of colour which a distant view of
the Earth may be supposed to give, during the progress of the
seasons ? Here we have first to observe that the axis of the Moon
is so slightly inclined to its orbit that there is no change of seasons
which could reasonably be expected to show itself by any indication of this kind. The difference between the winter and the summer of the Moon would be far less than often exists in Europe
between two successive seasons of the same name. But on the
other hand, the very slow rotation of the Moon on its axis makes
its day, in a certain sense, the equivalent of a year ; and we have
every reason to suppose that if vegetable life is present there, it
would—at least as to deciduous species—run its whole course in the
space of a terrestrial month, or lunar day. Are there, then,
changes of colour during this period such as would bear out an idea
of this nature ? The reply is dubious. Changes of colour, when
the whole amount is so slight, we could not expect to see; but
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changes in depth of tone, which may be regarded as equivalent, we
do see in some places—in others they are wholly absent. The
majority of the spots preserve the same reflective power, whatever
may be the height of the Sun above their horizon : others of similar
character—Cleomedes may be specified, and the Paludes Amarœ —
come out in deeper shades with the advance of the lunar day, in a
manner which is certainly suggestive of the development of a vegetable covering ; but the suggestion remains incapable of proof, and
is less probable than it would have appeared, had those changeable
localities been of more general distribution.
The idea of vegetation naturally introduces the subtle and difficult question of an atmosphere. It is so frequently taken for
granted that no such gaseous envelope exists, that some of our
readers may be surprised to find the question treated as still an open
one : but we venture to think that the negative has been too confidently asserted. The disproof of refractive action in the occultations of stars, on which Bessel relied, has been recently set aside
by the deeper researches of Airy. His most careful as well as
impartial scrutiny of the Greenwich observations has shown that
the very disparity of measures exists, the supposed absence of
which was thought to disprove the idea of an atmosphere. Do la
Rue's remark, that it would be difficult to suppose the existonce of
chemical change, such as must have occurred on the Moon, without
an atmosphere, is a very important one ; and while oxygen enters
so very largely into the composition of the Earth's crust, of which,
according to Humboldt, it actually makes up half the weight, its
non-existence on the Moon would infer a greater dissimilarity of
constitution than we are warranted in supposing ; and if present in
a combined, it would hardly be wholly absent in a gaseous form. Of
course any atmosphere in that situation, however constituted, would
from the inferior attractive power of the lunar globe be of great
tenuity ; and this corresponds exactly with the want of more visible
indications of its existence in other ways. Its denser portion may,
agreeably to Schroter's suggestion, be confined to the low lying
plains or valleys, and circular cavities ; and it is chiefly, if not
exclusively, in such localities that we find such periodical changes
of tone as have been described. These, we must remember, would
be absent, as far as vegetation is concerned, from the loftier mountains of the Earth, and would naturally be still less likely to be found
on those of the Moon. And it may perhaps be worthy of consideration that there appears no antecedent necessity that the hue of
vegetable matters should be green. That it has pleased the Almighty
VOL. III.
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S

258

COLOUR IN THE MOON.

Disposer so to organize our world that the "chlorophyll" or colouring matter of leaves should be of that hue, infers a probability, but
nothing more, that such maybe the case in other globes; in the
case of the Moon, that probability is reduced by the comparative
absence of water, which enters so largely into the composition of
terrestrial vegetation. Under such different conditions, there is no
ground for insisting upon a similarity of hue.
But this by the way. In returning to our more immediate
subject, we may remark that the idea of an atmosphere is not
merely connected with that of deciduous vegetation, but with those
slower and less changeable growths, such as of moss and lichen,
which among ourselves so gradually but surely vary the colour of
our undecomposed strata, and also with that chemical process,
called " weathering," which in length of time frequently alters the
superficial aspect of rocky masses. The latter, it must be admitted,
would act to disadvantage in the drier climate of the Moon, yet its
possibility need not be denied. It must be owned that there is
something on the lunar surface which might bear such an interpretation. The smaller craters, which are evidently shown from their
relative positions to be almost invariably the later ones, are usually
of a more vivid white than the larger and more ancient formations ;
and those which have broken out in grey, levels frequently show,
by their lighter aspect, that the dusky hue, whatever may be its
nature, is very superficial, and might naturally be referred, in one
way or other, to long continued exposure.
Greater perplexity awaits us when wo observe the remarkable
unconformableness—to borrow a geological term—of local colour
with the actual relief of the Moon. Occasionally this is not remarked,
that is, the aspect of mountain or crater continues much the same,
whether viewed in the increase, the fulness, or the decline of solar
illumination, and a great proportion of the brilliant spots in the
Full Moon mark the position of small and recent craters. But in
other instances, objects whose real nature and form are entirely
brought out when the oblique sunbeams give a strong and entirely
intelligible relief of light and shade, frequently undergo a marvellous
transformation of aspect when exposed to an illumination so high
that the shadows disappear. The local colouring which then alone
marks the spot is strangely inconsistent with what we may observe
some days before or afterwards. Luminous or dusky specks and
patches, sometimes of great intensity, are developed without the
slightest apparent connection with the relief of the surface, and the
comparative regularity of many a formation is lost in a capricious
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intermixture of white and grey. It is perhaps not easy to point
out anything on the Earth analogous to these changes. That a
volcanic formation, for instance, should sometimes be composed of
variously coloured materials, is noways unlikely. Beds of sulphur
or grey ashes may be intermingled with masses of black or ruddy
lava. But all these would probably so far preserve their respective
hues under every circumstance, that no alteration in the direction
of illumination would be likely to produce such an unaccountable
transformation of aspect. Spots of this kind are worthy of more
attention than they have hitherto received. From the want of
more accurate delineation, and description too, for delineation gives
little idea of comparative degrees of brightness, it cannot be considered certain that some of these local markings are permanent ;
on the other hand it seems not improbable that variations may
have taken place among them, if small in extent, yet full of interesting suggestions.
The abnormal freckled aspect of one of the great plains, the
Mare Crisimn, requires a passing notice. This very singular
phenomenon was perceived but twice by Schròter, during the
continuous observations of many years : on the former occasion,
1794, Feb. 6, when the Moon was 6d. 7h. old, he says_, this level
showed him " a very unusual and never previously witnessed aspect.
An incredible, innumerable multitude of bright points delineated
itself in the grey surface in such a way that it appeared ' washed
through ' by brighter and greyish fainter light. These very
numerous bright points showed themselves for the most part in
places where no distinguishable objects exist." Supposing that the
cause might lie in the Sun's very considerable elevation, he examined
subsequently other grey surfaces under similar conditions, but with
no corresponding result. At the latter epoch, 179G, April 19, the
Moon being 1 1 d. 19h. old, and the angle of illumination consequently
altogether different, he found this plain " so interwoven and shaded,
like the veins of an animal or an irregular tissue, with multitudinous bright stroaks and actually innumerable light-points, that
it would have been difficult for the most dextrous painter to imitate
such a magnificent natural picture strikingly enough in its uncommon blending." Appearances not dissimilar have been subsequently noticed, at rare intervals, by Messrs. Slack and Ingall,
and the writer. It is perhaps premature to speculate on their
origin, but as far as these few data extend, it may be thought that
the obvious want of connection with any given angle of illumination
points to some atmospheric cause ; and it may be remarked that
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the phenomenon has only been perceived in a situation where the
densest strata of atmosphere would lie.

Possibly this latter circum-

THE ANNELIDAN WORMS, OR ANNELIDES (ANNELIDA).

stance, by the way, may involve an explanation of Secchi's discovery,

BY W. BAIRD, M.D., F.R-.S., P.L.S., ETC.

that the polarization of light produced by the reflective power of
the lunar mountains is of quite a different character from that
exercised by the plains.
But, among all the mysteries of our satellite, the long bright
streaks or rays which are conspicuous in so many regions, are
especially mysterious.

That they are merely manifestations of local

colour is sufficiently obvious from the fact that they have no influence
whatever upon the level of the surface ; they totally disappear when
their relief, if they possessed any, would come out strongly, like
that of every insignificant bank or shallow depression, in the
horizontal illumination of the lunar sunrise or sunset.

That they

FIRST ORDER.—ERRANTIA (continued).
FAMILY OF NEREIDES.—The

one.

family of the Nereides is a very large

The most recent of their chroniclers has re-arranged them in

five families, and describes no fewer than twenty-two distinct genera.
By far the greater portion, however, of the species belonging to
these'genera are exotic, a few only being found in Great Britain.
This great family is named after the daughters of old Nereus, who
were sea nymphs,
" All goodly damsels, deckfc with long green hair."

once had reference to certain select foci of eruptive action is made
equally evident by their divergence from them as centres.

But

their nature, and the mode of their formation, are peculiarly inexplicable.

More than one hypothesis has been offered as to their

origin ; but all in vain. They have been supposed to be the stains
of gaseous volcanic products, or cracks in a cooling surface, sub-

These nymphs were said to
" Have the sea in charge to them assinde,
To rule his tides, and surges to uprear,
To biing forth storms, or fast them to upbinde,
And sailors save from wrecks of wrathful winde."

sequently filled up with fused materials ; but with how little pro-

The Annelides which boast this name, are in general distinguished

bability may be estimated by any one who will take into due account
the number and extent of these radiations, the manner in which

by their having an elongated vermiform body, attenuated towards

they cross alike the most level and the most irregular ground

well developed appendages ; a head, eyes, tentacles, or autennæ,

without deranging its continuity, or the distance to which many of

and in general a large proboscis, armed with a pair of jaws.

them maybe traced from their apparent source.

eyes are two pairs, placed on the dorsal aspect of the crown of the

Schwabe's idea of

their being the result of contrast with a growth of interposed
darker vegetation, at once shifts and increases the difficulty.

In

connection with other Full Moon phenomena, they deserve a closer
investigation than has yet been bestowed upon them.

Some of

our readers, we trust, will feel disposed to take up this curious
enquiry, the fruit of which, if not at once apparent, is not likely to
be disappointing in the end.

At a future time we may bring

forward some facts, and point out some localities, which seem
worthy of attention.

the inferior extremity, and divided into numerous segments with

head (Plate I., Fig. 4).

The antennæ are two pairs.

The

The two

smaller (Fig. 4, a), placed in the centre, are called median antennæ,
and the two larger and stronger, external antennæ or palpi (b, b),
whilst the four tentacular organs, situated on each side, and arranged
in two unequal pairs, are called tentacular cirri (Fig. 4, c, c).

The

proboscis is a large powerful organ, which is exsertile, generally
roughened with minute corneous denticulations, called paragnathi,
by Malmgren, and armed, in many of the genera at least, with a
pair of curved, hooked, strong jaws, denticulated on the inner
margin (Fig. 4, d, d).

" The feet form a protuberant series of seti-

gerous lobules along each side, and they do not differ essentially,
although the appendages may be more developed on a certain
number than on others.
two distinct branches.

In general each foot is divided into

The bristles with which they are armed

are always compound ; and to each brush there is a spine of the
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usual form (Plate II., Fig. 2). The cirri are usually filiform or
subulate, but in some genera they are transformed into compressed
laminæ or leaflets. The branchiæ are simple in structure. Their
existence is sometimes doubtful, but more generally they are detected
in the guise of lobules or tonguelets on the feet, distinguished from
the foot's proper lobes by being destitute of bristles or any armature." To follow out all the minute differences which constitute the
five families' and twenty-two gonera above mentioned would be
tedious and unprofitable. It is only necessary here to state that in
works such as the Littoral de la France," by M. M. Audouin and
Milne Edwards, " Johnston's British Worms," and Quatrefages*
"Nat. Hist, of Annelides," etc., we find this large family divided
into two groups. One, that of the Nereids proper, in which the feet
are homologous, and the segments are all alike; the other, the
Heteronereids, in which the body is composed of two parts : the
feet of the first portion being like those of Nereis, the others being
more numerous and more developed.
Even these divisions are
now called in question, and some helminthologists, such as Ehlers,
etc., say that several of the species are mere stages of sexual
development.
The genus Nereis contains a great number of species, and of the
eight or ten found on our coasts, they perhaps form the most
common members of the class Annelides. We can scarcely turn
one of the flat stones which lie half buried in sandy mud at the
water's edge without finding one or more of the tribe. We have
figured in our Plate III., Fig. 3, the Pearly Nereis (Nereis cœrulea of
Linnæus, or the N. margaritacca of more recent writers), as well
illustrating the genus. It is one of the finest, as well as the commonest of them all. "The upper surface," says Gosse, describing
from a living specimen, " is of a warm fawn-brown, but the beautiful flashes of iridescent blue that play on it in the changing light,
and the exquisite pearly opalescence of the delicate pink beneath,
are so conspicuous as to have secured it the title of " pearly," par
eminence. As you gaze upon it, you see the great dorsal vessel or
heart, as a dark red line running along the middle of the back.
This at irregular intervals of five to fifteen seconds, contracts almost
to invisibility, and then expands again, taking the form of a string
of beads in each process. This, however, is only a part of the great
circulating system in this fine worm. In it the red blood flows
from the tail towards the head ; at the under side of the body, there
is a similar vessel (the ventral), through which the blood flows from
the head towards the tail (Plate I., Fig. 6). Besides these, there
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are four other longitudinal vessels in the interior of the body, one
above and one below the intestine, and one on each side, all of which
are connected by transverse branches."
The Pelagic Nereis (Nereis pelagica of Linnæus) is another very
common British species, and in general appearance resembles the
one just mentioned. It reaches the length of nearly six inches,
sometimes even more; and is of the thickness of an ordinary goose
quill, tapering towards the tail. The body is altogether of rather a
brilliant hue, of a flesh colour, with more or less iridescent metallic
or olive green reflections. The proboscis may be easily seen in this
species.
The basal half is encircled with numerous prickles in
several irregular series, and the maxillæ, or jaws, have ten obtuse
denticulations. At some seasons of the year, in autumn especially,
the body is often blotched with large irregular yellow patches, and
traversed with red lines occasioned by the viscera appearing through
the skin. When preserved in spirits this animal tinges the fluid
with a green colour. This wandering species is found abundantly,
burrowing like an earth-worm in mud in the brackish water of our
tide ways and littoral marshes, so that as it is likewise found in
great numbers on our shores in various parts of our coasts, it is not
a species which is confined to pure sea-water.
The worms belonging to the Family NEPHTHYDÆ form another
group of Nereids, some species of which are found on our coasts.
The genus Nephthys is known by having a small head, furnished
with four minute antennæ, and a large proboscis, ciliated with a
series of papillæ at the orifice, which is of a longitudinal form. The
segments are all provided with large feet, which consist of two
branches, placed wide apart from each other. These organs have
each a lamelliform process in front, and, pendant underneath the
superior, there is a considerable sized branchial apparatus, of a
curved form, like that of a sickle or reaping-hook. The setæ
which spring from these feet are slender and setaceous, both simple
and compound.
One of the species, the white-rag worm or lurg (Nephthys cæca), is
a common inhabitant of the shores of Great Britain. It varies from
six to ten inches in length, is three-tenths of an inch in width, and
is of a beautiful pearly lustre. The feet are much developed, and
increase gradually in size till they reach about the middle of the
body, when they again decrease as they extend down towards the
tail. This worm, as the best historian of our British Vermes says,
is remarkable for the splendour of its colour, which is exactly similar
to that of mother-o'-pearl. This hue extends some distance down
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the back and belly; but the feet are of a yellowish tint, with their
inner base reddish, and the bristles dusky. When the foot is removed and slightly magnified, the same author says it has a sort of
resemblance to a horse's hoof, " and is a very wonderful and beautiful piece of mechanism/'
The " white-rag worm " lives in the sand, burrowing into it by
means of its strong proboscis, f1 With this used as a wimble, it
opens up the way, the body being held steady with the aid of the
setigerous feet. It thus buries itself with almost incredible velocity.
Nor is it less active in the water, should it be accidentally removed
from its furrow and cast in the open sea, swimming rapidly, with a
serpentine, wriggling motion, and propelled unquestionably by the
lamellæ which project from each side, like a double bank of oars."
Dr. Drummond, of Belfast, some years ago recorded some interesting
observations upon the restoration of lost parts in this worm. In
one specimen he says that the tail was renewed, after having been
cut through by a spade, or some such instrument used by bait
diggers, for about two inches from the extremity. He also describes
in a lively manner the poisonous effects of fresh water upon it.
When placed in fresh water, the animals speedily died, after having
been violently convulsed, and if even a few drops of water were
sprinkled upon them, a series of violent agitations and convulsions
was the consequence. Fresh water is poisonous to most of the
marine Annelides, but the effect in the case of these lurgs was particularly striking.
Family PHYLLODOCIDÆ.—The Phyllodoces, or leaf-bearing worms,
form, in the arrangement of MM. Audouin and Milne Edwards, a
portion of the great family of Nereids.
They are, however, so
numerous in species, and vary so much in distinctive characters,
that they have generally, by later authorities, been raised to
the rank of a distinct family. The species are the most beautiful
worms among those of the Nereid type, and are easily distinguished
from all the other Annelides. They are usually of a linear, elongated
figure, and the body is furnished with a series of foliaceous lamellæ
on each side, somewhat resembling elytra or scales. They form a
sort of border on each side, originating immediately above the
insertions of the feet, and are in reality the cirri, metamorphosed
into leaf-like appendages. These organs are supposed, as there are
no branchiæ to be found in these worms, to be useful for respiration; but, in addition to this, they are equally useful as organs of
locomotion, for, as has been well stated, as they follow the motions
of the feet, and are capable of being partially altered from a hori-
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zontal to a perpendicular position, " they act as a bank of oars,
and must be especially useful when the worm glides from a solid
surface, and finds itself unsupported in the water. Hence the
species are quick and lively, and swim with considerable ease." The
Phyllodoces are provided with a very large proboscis, the under side
of which is roughened with rows of fleshy papillæ. The feet, independent of these leaf like appendages, are rather small, unlike
those of Nephthys, just considered, of only one branch, and the
setæ, or bristles, which spring from them, and of which there is only
one brush, are slender and elegant in shape, and represent
the bayonet bristles mentioned above, and figured in Plate II.,
Figs. 21, 22.
The Phyllodoce lamelligera is a fine species found on our coasts,
varying in length from four inches to upwards of two feet, and
nearly a quarter of an inch in diameter. It is of a rich greenish
colour, varied with blueish shades reflecting a metallic lustre, and
varying like the hues of the rainbow. Mr. Grosse thus describes it
from the living state :—" The leaf-like fins of the side, which are
somewhat heart-shaped, are of a yellowish-green hue, occasionally
clouded with blackish; the middle portion of the back, which'is
exposed, is of a rich brown, but flushed with the most glowing
iridescence of blue and purple ; while the whole under parts are of a
pearly flesh colour. As it crawls over the stones, it throws its body
into the most elegant lateral curves, while its suppleness and great
length cause it to cling close to the rock, and thus its outline takes
the form of every projection and depression over which it is wandering. When disturbed, and often without any apparent provocation, we see the under side of the tiny head rise from the ground,
swell out, and turn itself inside out, as you turn a stocking, until a
great pear-shaped bag is protruded (the proboscis), fully eight times
as lon» and thrice as broad as the entire head. Its whole surface
is rough and papillose, and around its extremity, which is the
largest part, there is a row of small knobs or warts."
The Phyllodoces live under stones in deep water. Sir John
Dalyell, who has carefully observed this elegant worm when alive,
informs us that a remarkable profusion of clear glutinous matter is
secreted from the whole body, so great, that it may be nearly equal
in weight to the animal itself. This has also been noticed by Mr.
Gosse. " During the day," says Sir John Dalyell, " this species lurks
in concealment, especially under any large flat shell, where it reposes,
and unfolds from its many convolutions at night, apparently in quest
of prey. Perhaps it feeds on the smaller living animals, for which
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the size and action of the proboscis seem peculiarly adapted. The
mechanism of this creature, its parts, and their powers, are to be
ranked among the more conspicuous and admirable works of the
creation ; nor can they be contemplated without wonder. Issuing
forth from its retreat, it swims by an undulating serpentine motion
in the water. Its unwieldy body, gradually withdrawn from its
retreat, has its multiplied organs unfolded in regular order and
arrangement ; so that whether intertwined or free, neither are disturbed by intricacy or confusion—each performs its own proper
functions, and the general effect by the united exercise of the whole.
When inactive, the lateral parts of the segments generally close
over the back ; in activity they open widely, as if so many oars to
aid the animal's course, by their successive impulse on the water."
The same author, a very acute and most patient observer, distinctly
informs us that mutilated portions of the body are frequently
regenerated. In one case he discovered fifty new segments replaced
with all their leaf-like appendages, in the course of six or seven
weeks, though this renewed part remained of a paler colour. We
have figured, in Plate III., Fig. 4, as an example of this genus,
the Phyllodoce paretti from the Mediterranean, and nearly allied to
the species just described. The general colour is of a fine blue
above and a rosy greyish beneath. The leaf-like appendages are,
for the most part, of a fine green edged with yellow.
Families GLYCEELDÆ and SYLLIDÆ.—Amongst the worms which
have a resemblance to the Nereids, and which M. M. Audouin and
Edwards associated with them, are those known by the names of
Glycera and Syllis. Of these we shall only give a short account.
All the worms we have already mentioned, and in general all
the Nereid-like species, have a well developed and distinct head.
The Glyceræ, however, are peculiar in this respect, that their head
is very indistinctly marked, having no decided division between the
head and the body. It is, in fact, like a small, pointed horn, and is
provided with four very small antennæ on its apex. The body in
general appearance is like that of a Nereid, being vermiform, long,
and tapering towards the tail. It has no eyes, nor tentacular cirri,
but has a large club-shaped proboscis, armed usually, but not always,
with four hooked jaws.
The feet are small, composed of two
branches united to each other, have no branchial or leaf like appendages, and exhibit two fascicles of bristles, which are both simple
and compound. Four or five species exist on our coast, one or two
being nearly a foot in length. Their manner of living is nearly the
same as the species of Nephthys, living buried more or less in the
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sand or mud of the shore. They are observed to be very irritable
when touched, twisting themselves about in violent contortions, and
often whirling about in the form of a spiral column.
The Syllidæ have a considerable analogy with the Nereids, but
differ in being very narrow and scolopendra-like in form. In most
of the species the antennæ and cirri are jointed with close-set short
joints, like a string of beads. There are several species natives of
Great Britain, but perhaps the most curious, as far as regards its
history, is the Proliferous Syllis (S. proliféra). This, I believe, was
the worm which first exhibited to naturalists the tendency which
many Annelides possess, of propagating themselves, as described at
p. 101, by a spontaneous division of their body into two halves.
Muller was the first to notice this curious part of this worm's history,
and Quatrefages has followed up his discovery by a more complete
examination of the curious, fact. As Dr. Johnston observes, the
Si/llis proliféra " is more studious to divide than to unite." The
inferior portion of the original body, which has become two, is
different from the superior. The latter, when a separation takes
place, forms a new tail portion, and continues to perform its functions
as before, but the former appears destined to perform only the part
of a uterine mother and multiply the species. The alimentary canal
in this second individual loses its character as fitted to procure
nourishment to the animal, becomes atrophied, and thus the poor
creature is left to live, as it were, upon itself. This, however, it
continues to do long enough to enable the mother to mature the
ova storehoused within her body, and she " then dies in giving them
birth."
The species observed living in Great Britain are said by Dr.
Johnston to have the faculty of easily breaking themselves up in
pieces, and casting off from them the mutilated appendages.
(To be continued.)
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subjects excite more interest in thoughtful minds than the
influence which modem scientific ideas exert upon religious belief.
From many portions of this subject, the plan of THE STUDENT would
compel us to abstain. A scientific magazine ought, in our opinion,
to be adapted to all seekers of scientific knowledge, without reference to their creeds.
There ought on the one hand to be no
shrinking from an honest statement of fact or discovery, and on
the other, no attempt to make them assist in theological proselytism.
Well educated men in all the churches recognize the importance of
science, and to be true to our special function, there should, in
our pages, be nothing that can separate us from a single honest and
earnest inquiry into nature's truth.
FEW

But while determined not to deviate from this impartial position,
there are aspects of Darwinisim affecting the argument of design in
Creation, to which we may advert in the hope of clearing away
logical misconceptions.
Darwinisim is only one of several branches of a kind of philosophy
long known to students of the historical developments of human
thought. The Darwinian apparatus consists in a-multitude of facts
collected from an immense field of research, and pointing to particular
methods by which hereditary changes in the organic world may lead
to the preservation or extinction of particular forms. That offspring
sometimes vary from the parental type, is beyond dispute ; that such
variations are sometimes hereditary, is equally beyond dispute, nor
can any one deny that when a modification arises which gives a
group of creatures more power to fight their battle of life, they will
be benefited thereby, and may multiply and flourish in situations
where creatures not so modified would die out. The extent to which
Darwin's "Natural Selection" is sufficient to account for the changes
that have occurred, is open to question. Laws and principles of
which we have as yet no cognizance, may assume an importance we
are not prepared for ; but no fresh discovery can invalidate the facts
on which Darwin and his followers rely. No one who has weeded a
garden can doubt the reality of the " battle of life " which he pourtrays, and no one who has watched insects attacking plants, birds
assailing insects, and climate, with its fluctuations, frequently fighting
against all, can doubt that the natural world does present a scene of
struggle, in which the strongest and the best protected prevail,
while the weaker and less protected have to give way. Of course,
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such terms as " strong" and "weak," must be understood in a wide
sense—a delicately organized plant, for example, may be characterized by the former epithet, when compared with a much more
robust vegetable, if it surpasses the latter in power of extracting
nutriment from a particular soil, or in withstanding prolonged
drought, excess of moisture, or extremes of temperature. But the
natural world is not made up of contention and strife, any more than
those elements constitute the sum of human society. Natural adaptations of the most varied and wonderful kinds abound, none being
more remarkable than those which the Darwinians adduce. What
can be more amazing than the dependence of a flower upon an
insect, so that the butterfly, moth, or humble bee is made the carrier
of pollen from one corolla to another, and an animal thus provides
for the perpetuation of a vegetable race. Whac savours more of
design than the "mimicry " which has been frequently illustrated in
our pages, a plan by which a defenceless creature assumes the aspect
of a strong one, a delicate creature the appearance of a tough one,
or a butterfly when perching on a twig becomes indistinguishable
from a dead leaf, and in each case enemies are deceived, and
security obtained.
If a new writer desired to compile the most elaborate and convincing series of design arguments, he would have recourse to the
Darwinian armoury for the most striking of recently ascertained
facts. Why then is Darwinism in many quarters contrasted with
and opposed to design ? The answer may be found in the defects of
the older forms of the design argument, rather than in any conclusion
that logically follows from Darwinian speculations. The fundamental
error in the old, and in all popular, as contrasted with scientific,
design arguments, is anthropomorphism. Paley's watch indicated a
human mechanician as the designer, and he and his followers contemplated natural productions pretty much as if they were contrivances somewhat similar to a watch.
We firmly believe that the average human mind would arrive by
methods of natural theology at the concaption of, and the belief in,
a Deity ; but as natural theology is ordinarily pursued in countries
already in long possession of the leading religious ideas, natural
facts are rarely studied with a view to ascertain wheih3r there is a
great superintending mind, but the existence of such a being is
assumed, and the facts are studied afterwards. Now, the existence
of a Supreme Intelligence, endowed with corresponding power,
logically excludes contrivance in the human sense of the word. It
is all very well to show the peculiar conditions of breathing in water,
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and to demonstrate how the gill of the fish is adapted to aerate
blood under such circumstances, but we must rigidly exclude the
notion of difficulty when we speak of Divine action. If a man had
to make a piece of apparatus in order that he might oxydize a
substance kept in water by means of the air that water contained,
and if he had to accomplish this object without letting the water
mix with the substance to be oxydized, he would have difficulties to
overcome, and his success would be a manifestation of skill. To
act with skill is, however, the quality of a finite being, accomplishing
something which presents difficulties, and doing it better than many
other beings of the same sort could do it, or doing it when others
could not do it all. We never speak of a man walking skilfully, if
ho only walks like ordinary folks, in common situations ; but if any
ono walks well on a narrow wall, or a rope, or on slippery ice, then
we recognize superiority, and we talk of skill. Now it is quite
clear that if nature is regulated by a Great First Cause, there can,
strictly speaking, be no difficulty and no skill in any of her operations. We may look for design and for wisdom, but not for any
quality which would reduce Divine operations to the level of human
ones.
Many of the older comparative anatomists contented themselves
with regarding animal or vegetable organization simply from what is
called the teleological point of view. They saw, or fancied they
saw, the final cause, or reason why, everything was done. They
collected together a great mass of information concerning special
adaptations, and it was assumed that no organ, or portion of an
animal, not deformed, was without its special use to that particular
creature; but plain and palpable facts did not sustain the universal application of this theory. Animals were found with rudimentary
parts—bones, for example, which, if developed, might have supported a kangaroo-like pouch—to which no function could be
assigned, and in these cases, which are very numerous, the doctrine
of special application broke down. Then came theories of " types/'
and if anything appeared in a creature that was not of any use to
it, the explanation was that the creature in question belonged to
a group all formed according to "type/' and the rudimentary,
or useless part, was put in to make it conform to the typical
idea, something like the procedure of the old gardener, who had a
particular " type" of uniformity so strongly in his mind, that
having put a naughty boy in one corner, he put a good boy in the
opposite one not to damage the design. Further knowledge left
the " types" high and dry on the shores of metaphysical abstraction,
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and introduced the notion of descent with variations, according to
which the occurrence of non-essential, useless, or rudimentary points
admits of easy explanation.
Descent with variation, the struggle for existence, and the " survival of the fittest," may all be portions of a grand scheme, definite
in design and certain of accomplishment, although they do not
coincide with anthropomorphic conceptions of a Divine plan. Those
who oppose the new philosophy,—or the old philosophy in its new
form, if that phrase be preferred—talk of nature being in the Darwinian conception a series of "trials and experiments," through
which, after many failures, success is reached. We do not propose to enter into elaborate argument to show the fallacy of this
statement, but it is worth while to consider that the incidents
wrongfully named " trials and experiments" do not involve limitations of knowledge and power so much as was done by the "contrivances " of the old design argument. Anxiety for final results
and impatience at going through intermediate stages belong to
man as a finite being, and if he imputes similar thoughts and
feelings to the Deity, he may make a gross mistake.
If a man
undertakes to make pins or shoes, he would be deemed to fail,
if thousands of his productions stopped short of completion, but
who can suppose that nature fails because myriads of seeds never
come to plants, and thousands of animals die in the early stages of
their existence ?
Scientific discoveries not only link other organic structures of
our globe together as one great unity ; they show our earth itself
to • be but a portion of some still greater unity, exemplifying a
Divine thought too vast for us to grasp, and yet essential to be
known before we can tell the meaning of the constituent parts.
The " success of nature"—if we may use a term so objectionably anthropomorphic— is evidently not moulded according to human
notions. We do not understand, for example, why the civilization
of the human family has been so slow ; we cannot tell why races
are allowed to die out without reaching any high point of development; why nations have decayed, and other nations risen
upon their ruins. If we talk of " experiment " when we speculate
on doctrines of development, we might as well apply the term to
the introduction of numerous savage tribes, their location under
various circumstances, and to their rare and occasional emergence
into civilized life. Or we might speak of " experiments " in our
modern European countries in which multitudes of individuals struggle
against various difficulties, and a large proportion fail. Surely we
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may assume, that for reasons which the limitations of our knowledge
prevent us from understanding, the natural plan requires a boundless development of life in all forms, and in all stages, and with
changes ever going on. We can see a large amount of happiness
and enjoyment scattered broadcast among tbe beings susceptible of
such sensations, and we notice also, suffering, decay, and what we
call premature death. No one supposes that the mouse enjoys being
tormented by the cat, or that the man enjoys the failure of his hopes,
but all vicissitudes are contemplated by the religious faculties as
leading to, or connected with some ultimate good. Natural theology
must not be discouraged or surprised, because it meets in the organic
world with puzzles similar to those which it encounters in the moral
world, and doctrines of development must not be accused of introducing difficulties which are not peculiar to it, but which no mode
of philosophizing can avoid, and which we cannot expect to solve
while the known and the unknown stand in the relation of a little
star and a great dark sky.
That certain animals see because they have eyes, and that birds
fly because they have wings, are statements not inconsistent with
the doctrines of final causes, though it is easy to place them in
opposition to the common assertion that the animals in question were
endowed with eyes in order that they might see, and that the birds
were gifted with wings in order that they might fly. To perfect the
design argument when it is applied to elucidate a system of descent
with modifications, struggles with life-conditions, and survival of
the fittest, we have to show reasons for believing that the changes
which occur in the organic world, follow a law, or set of laws, indicative of intelligence, and capable of working out beneficial results.
At present, the physiological laws which determine the condition
under which offspring faithfully transmit or depart from the peculiarities of the parental type are unknown, and it is only a very small
portion of the natural plan that comes within our cognizance. So
that we cannot expect to have clear information as to either
purposes or conclusions. Darwin observes, " however much we may
wish it, we cannot blindly follow Professor Asa Gray in his belief,
that variation has been led ' along certain beneficial lines like a
stream along definite and useful lines of irrigation.' If we
assume that each particular variation was from the beginning
of all time preordained, the plasticity of organization which
leads to many injurious deviations of structure, as well as that
redundant power of reproduction which invariably leads to a
struggle for existence, and as a consequence to the selection or
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survival of the fittest, must appear to us superfluous laws of
nature."
We cited this passage and remarked upon it when it was first
published in Mr. Darwin's " Plants and Animals under Domestication." His argument simply reminds us of a difficulty not at all
peculiar to natural history or physiology, but which encounters us in
all directions. Evidently it is not the plan of nature to reach what
we call good ends, without what look like breaks, interruptions,
and failures. If speculations on the modifications of organic beings
according to the principles of Mr. Darwin, bring us into contact
with many fresh puzzles and perplexities of this description, they
also supply a fresh store of facts, which tend to increase our belief
that the system is conformable to our religious instincts and moral
nature. No natural theologian can affirm that any theory yet propounded, supplies a satisfactory explanation of all the moral
difficulties, or intellectual difficulties which stand in tho way of a
perfect comprehension of the character of the great plan. Why it
is obviously benevolent in a thousand directions, and apparently
harsh in a thousand others, we do not know, any more from Darwin
than we did from Paley, but we certainly are not left in a denser
mist; and as modern researches have enabled us to catch glimpses of
a far wider, more complicated, and comprehensive plan than the
older thinkers had any conception of; we may, while lamenting the
limitations of our mental vision, take comfort in the belief that in
the vast regions of the yet unknown, there lie ample satisfaction
for all our hopes, and ample resolution of all our doubt. Did
modern science narrow the aspect of the natural plan, doubt would
grow and faith decrease, but when we are led to consider what may
be the requirements of a system uniform in character, extending
through all time, and comprehending all space, there is no wonder
that we are lost in any efforts to solve the ultimate problem of the
whole.
We are only entitled to ask of each science to unfold its own
particular truth. The naturalist and the physiologist or biologist
speculating on the origin of life and species, are bound to apply a
strictly logical and exact method. They have nothing to do with the
suggestions of the imagination, except to test them by comparison
with fact; or with the promptings of the emotions and feelings,
except to prevent their leading reason and accurate deduction astray.
Man must not delude himself by overstating what he knows, or making what he wishes the measure of what he pretends to understand.
Even when observation, experiment, and reason have done their work,
VOL. in.—NO. iv.
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he must not expect that they can make all clear. "Were the observation large enough, and the reason wide enough, all darkness might
disappear, but explorations of nature by short-lived travellers, with
feeble faculties, bound to a small spot on one small globe, can yield
no conclusive interpretation, but may help us to get nearer to the
Source of Light, if we allow conviction and belief to be successively
modified as more facts are understood, and let the battle of opinions
be freely fought out, until the survival of the fittest terminates the
strife.

BRITISH HYDROID ZOOPHYTES.*
season for sea-side visits has commenced, and those who seek
our shores with some better purpose than the cultivation of frivolity,
or the display of costume, can have their attention directed to no
more beautiful objects than the British Hydroid Polyps, which have
found a worthy historian in Mr. Thomas Hincks. Johnstone's wellknown " History of British Zoophytes " was an admirable production for the period in which it was written, and must retain a
prominent place in the library of the naturalist. It was, however,
his function to treat of a branch of science in a very incomplete
state, and his labours had the merit of materially contributing to
those further researches and discoveries, which have rendered it
necessary that an entirely new treatise should be composed. Mr.
Hincks was eminently fitted for this task, uniting an enthusiastic
love of his subject with accuracy of observation, and remarkably
elegant and lucid description.
Making himself familiar with the researches of other naturalists,
enjoying the assistance of many of the most distinguished observers,
and availing himself of frequent opportunities of studying the living
forms in their native localities, he has been able to bring together a
great body of information, and, for the first time, to produce a satisfactory monograph of a very important group, and his book will
take its place in the front rank of natural history authorities. It is
always a source of great pleasure when we can recommend a
scientific work as combining exactitude with literary merit and
simplicity of style, and Mr. Hincks deserves no small praise for the
care with which he has avoided one of the besetting sins of our
THE
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time, the endless multiplication and employment of hard words.
Almost every author seems to fancy it his duty to invent a fresh set
of alarming compounds from Latin and Greek, often unskilfully constructed and clumsily applied. As soon as a new and unknown object
is seen, dreadful nicknames are invented by the dozen to describe
its structure and peculiarities. Its real nature, life history, and
affinities, may be all undiscovered, but such trifling facts oppose no
obstacle to the mania for long-tailed word making. Larval forms,
transition forms, and adult forms all have names given to them
before the relations in which they stand to each other are known,
and when the student has been plagued with a host of terms manufactured without foresight, the whole lot will be found inappropriate,
and new writers retain some, invent others, and leave to their
followers, again, the task of devising fresh appellations to suit
new theories or new facts. An inevitable result of this craze for
hard words is, that their meaning becomes uncertain, fluctuating,
or vague, and it is much more difficult for the student to learn the
names than the properties of the things they are intended to
describe.
Mr. Hincks has written his book so simply as to minimize
difficulties of this description. He has only employed, technical
terms when common words would not suffice ; he has clearly defined
those which he has used, and thus rendered his book a pleasant
companion as well as an instructive guide.
The hydroid zoophytes take their name from the common polyp,
—the hydra, well known to all microscopists and naturalists,—and
they offer a singularly fascinating group for sea-side study, not only
from the remarkable beauty of form and colour which many of them
exhibit, but likewise for the very curious and interesting physiological problems they present.] In the hydra we have a solitary
animal capable of locomotion, budding off young ones exactly like
itself, and at certain seasons combining sexual elements, forming
true eggs, and giving rise to distinct individuals. It is common to
see the mother hydra with her budded infant still attached, but
this connection soon ceases, and nothing at all resembling a permanent colony is formed.
Amongst the hydroid zoophytes solitary life is the exception,
and the rule is for a colony to be formed by a process remarkably
resembling vegetative growth. A young polyp, having passed
through larval stages, usually settles down, forms a sort of creeping
root (stolon), and buds off, one after another, a series of polyps like
itself, the whole in many families aggregated together like the
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branches of a tree, of which the polyp heads are the flowers. The
hydroid colony is composed of a common fleshy substance, the
cœnosarc, of a tubular form, composed of an outer and inner layer^
the former very commonly hardened into a protecting sheath. The
polyps, or polypites, grow like branches from the cœnosarc as a
stem. Sometimes they form a naked projection from the end of a
tube; at others this tube is terminated by a graceful cup or urn, in
which the polyp lives, thrusting forth its tentacles and part of its
body at will, and returning to its home for shelter when wearied or
alarmed. Some nervous connection between all the members of the
colony must exist, though no special nerve-fibres are observed. The
whole colony frequently acts from a common impulse, though each
member of it has an individual life and will. The tentacles of tho
polyps are richly furnished with curious organs called thread cells,
out of which dart minute threads simple or armed, and possessing
remarkable properties of poisoning and paralysing their living prey.
Each polypite or member of a polyp colony, in addition to feeding
himself, contributes to the nutrition of the compound whole,
sending streams of digested particles from its stomach through the
common tube. Thousands of polypites are associated together in
many species, and it is not uncommon for them to die off like
flowers, and for their successors to be reproduced by new buds from
the tree-like stem.
Illustrations of these facts may be easily obtained by any visitor
to our coasts, as the tree-like zoophytes abound on or under rocks
uncovered at low water, occur frequently on shells brought out by
the fishermen, and are recognized with little difficulty by any intelligent observer.
The most marvellous part of hydroid zoophyte life is connected
with its reproduction by true eggs. After a sufficient course of budding, the egg formation takes place. Buds appear in which ova and
sperm-cells are developed. The contents of the sperm-buds reach
the germ-buds, and a new race begins. In the hydra these two
kinds of buds grow on different parts of the same individual ; but in
a great many cases the function of sexual reproduction is consigned
to a special class of zooids, which leave the colony and become free
swimmers in the shape of jelly-fish or medusæ. The hydroid colony
in these cases exhibits at certain seasons two sorts of individuals :
the polypites, which are its food collecters and digestors, and the
sexual zooids, which are to found new colonies by forming and maturing eggs.
The sexual zooids are either fixed or free : the latter possessing
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especial interest. No one could have expected that a tree-like
colony of polyps would bud off at certain seasons bell-like jelly-fish
or medusæ, and it is no wonder that the latter were long considered
as belonging to quite another race. " So thoroughly," says Mr.
Hincks, " are their affinities concealed by the locomotive and
adaptive organs with which they are furnished, that they might
readily pass for members of another tribe. Indeed, we can scarcely
imagine a more complete contrast to the staid and stationary
zoophytes, in outward form and habit of life, than the medusiform
.zooid, which it evolves from its own substance, and sends forth
with the seed of new commonwealths." These objects are easily
•collected in calm weather by the tow-net at the sea-side, and the
■smaller ones are amongst the most beautiful things the microscope
can display.
" Gemmation," we quote Mr. Hincks, " is not confined to the
fixed portions of the hydroid colony; it also enters into the
history of the free and locomotive zooids.
In many cases they
manifest the vegetative tendencies of their tribe, and multiply
rapidly by budding. Gemmation seems usually to take place when
the true reproductive function is in abeyance. Thus in the spring
the gonozooid (sexual zooid) of Glavatella develops buds on the
margin of the body between each pair of tentacles, which are cast
off at certain stages of growth, while later on in the year the
vegetative activity ceases, and reproduction by ova and spermatozoa
takes its place. These buds, which are analogous to those produced by the hydra, bear an exact resemblance when mature to the
jzooid that originated them. . . . The free zooid after its detachment,
may pass through many stages of growth and development itself,
and originate a large number of similar organisms, before proceeding to discharge its principal functions, the elaboration of the
-generative elements ; with the escape and dispersion of the latter,
its existence, in all probability, usually terminates."
Although at first sight the medusa and the polyp seem so
different, resemblances are found on careful examination ; " The free
sexual zooid, in all but one or two exceptional cases, may be
regarded as essentially a polypite, with its arms united by a contractile web, so as to form a floral and natatory organ. Disguised
by its adoptive dress, it has been separated from its kindred under
the name of a medusa ; it is in reality a swimming polypite. When
liberated it matures, and disperses the generative elements, and
having thus fulfilled its function, perishes.
u

In other cases the gonozooids never become free, but remain in
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permanent connection -with the colony. In this condition they exhibit
many diversities, and constitute a series of transition forms leading
up to the highest, in which provision for a free and locomotive
existence is complete. The embryo of the Hydroida is all but
universally a ciliated body, the analogue of the winged seed of
the plant, which diffuses the species."
The phosphorescence exhibited by the free medusan zooids, and
by many of the tree-like hydroids, is not the least beautiful or wonderful part of their history. When any of the campanularians (Sertularia, etc.), common on our coast, are freshly dredged up and
placed in pans of salt water in a dark room, a brilliant series of
sparks is shown from cell to cell if the colony is irritated
by a slight poke with a stick ; and sometimes myriads of the free
zooids illumine the sea with a tiny light in every bell. No explanation has been offered of the precise nature of this phosphorescence,
which is evidently under the creature's control.
It is curious to find the larva of a pycnogon playing a cuckoo
part to one of the hydroids, Syncoryne eximia. " At a very early
stage of their existence the young pycnogons gain access in some
way or other to the interior of the zoophytes, and find their way
through the cavity of the cœnosarc into the budding polypites,
which they occupy, using them as nests during the further stages of
their development."
In the preceding remarks we have endeavoured to present a
few features of the type of the hydroid zoophytes in a popular form,
in order to stimulate curiosity, and induce fresh students to observe
them. We have been led to this course by finding Mr. Hincks's
book unusually adapted to smooth the difficulties of beginners, while
satisfying the demands of more advanced naturalists. He has
adopted a simple, and we think, on the whole, natural classification.
He, of course, accepts Frey and Leuckart's well-established subkingdom, Cœlenterata, and Huxley's class, Hydrozoa, with its three
orders, Hydroida, Siphonophora, and Discophora. It is with the
Hydroida that his labours lie. First comes the sub-order, Athecata,
in which the polypites have no special cups to live in ; the second
sub-order is that of the Thecophora, or cup-bearers, and lastly come
the Gymnochoa, which have no polypary, and which comprehend
the Hydridæ.
We could easily have selected matter from Mr. Hincks's book to
have shown its scientific character more fully, but as that will be
taken for granted by naturalists who have been long familiar with
his labours, we thought it preferable to do what is in our power to
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secure for him a wider class of readers, who will be delighted with
the aid he gives to the observation and study of some of the wonders
of our shores. The plates which occupy the second volume are in
the main good, but greater delicacy on the part of the engraver
would have been more truthful and advantageous.

ASTRONOMICAL NOTES FOR MAY.
BY W. T. LYNN, B.A., P.ll.A.S.
Of the Royal Observatory, Greenwich.

— MERCURY will be very favourably placed for
observation about the end of the month. He is at greatest elongation on the evening of the 29th, and does not set for a few days
before and after that time until past ten o'clock. Even so early in
the month as the 7th day, he sets a full hour after the Sun,.or at
half-past eight in the evening. His northern declination is very
great, and he will be close to the Pleiades on the 8th, very near
Tauri on the 20th, and fi Geminorum on the 31st.
VENUS is in superior conjunction with the Sun on the morning
of the 9th, and will begin to be conspicuous as an evening star
about sunset towards the end of the month; setting, on the last
day, at Sh. 36m., or half an hour after the Sun.
MAES continues to be observable during the whole of the first
half of the night, being on the meridian at seven o'clock on the
evening of the 1st day, and at six o'clock on that of the 26th. He
is still in the constellation Leo, and will be very near Regulus on
the 15th, and in conjunction with the Moon on the 18th.
SATCRN now begins again to put in a claim for attention.
He
rises at the beginning of the month, soon after ten o'clock in the
evening, and, at the end of it, at a few minutes past eight. The
rings are this year well opened out for observation. The planet is
in the constellation Ophiuchus (the limits of which here transgress
within the zodiac), and of very great southern declination. Ho will
be in conjunction with the Moon on the 26th day.
OCCULTATIONS.—The only phenomenon of this kind which will be
of any particular interest, and take place in the early part of the
night, is the occultation of Regulus, the bright star in Leo, which
will pass behind the Moon (a little past her first quarter) for a few
minutes only on the night of the 18th. The disappearance will
THE

PLANETS.

i
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take place at one minute, and the reappearance at ten minutes,
after ten ; the former at a part of the Moon a short distance to the
right of the highest in altitude (as seen in an inverting telescope),
and the latter a little more so ; the occultation being, in fact, scarcely
more than a graze.
THE MOON.—Our satellite is new at 4h. 7m. on the afternoon of
the 11th day, and observation of lunar objects may therefore commence on the evening of the 15th. On the 17th, the interesting
regions about Hipparchus in the centre of the Moon may be studied ;
Tycho and its neighbourhood will be near the terminator on the
20th. On the 22nd, Schickard, near the Moon's south point, and
the Maro Humorum to the north of it will be observable ; on which
night also the brilliant and well-known crater, Aristarchus, will
show indications of its existence. The Moon is full at 3h. 23m. on
the afternoon of the 25 th day.
NEW PLANET.—A new planet (No. 108 of the minor planets),
was discovered by Dr. Luther at Bilk, near Dusseldorf, on the
2nd of last month. This is the eighteenth which that astronomer
has detected.
"WINNECKE'S COMET.*—This comet was re-discovered by Dr.
Winnecke himself at Carlsruhe, on the night of the 9th of April.
It was very faint, but large and diffused, the diameter being as much
as 6' or 8'.
The comet was nearest the Earth (distant about sixty millions of
miles), at the end of last month, but will not pass its perihelion until
nearly the end of June. It will probably be observable during the
first half of the present month until the increasing moonlight
obscures it; but is not likely to be visible afterwards, unless with
very powerful instruments. At the beginning of the month, it is
still in the constellation Leo Minor, its place being on the 1st day,
about R. A. lOh. 4m., N. P. D. 54° 10'.
We dwelt sufficiently on its previous history in our last number.
In our next we shall give an account of the observations which may
be made of it during this appearance, so far as they are accessible to us.
* As we stated, in the January number of THE STUDENT, that our account of the
observations of Encke's comet, made last summer, was probably nearly complete, it is
proper now to notice that a series made by Drs. Kam and Hennekeler, at Leiden (an
observatory which, under the direction of Professor Kaiser, has for some years past
been extremely active), has just been published: also two observations in the middle of
August, by Dr. Briinnow, at Dublin. No remarks accompany the observations of any
particular interest. The Leiden astronomers state that the comet was faint, and difficult
to observe (" Astronomische Nachrichten," No. 1747). No observations have yet been
reported from the southern hemisphere.
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CONJECTURED METEORS OF HALLEY'S COMET.—The Abbé Falb,
of Graz, in Styria, has suggested that, if Halley's comet leaves
meteors behind it, so as to form, as some other comets appear to
have done, a more or less complete meteoric ring along its orbit,
some of these may possibly be seen to pass over the Sun's disc
about the 15th of May, when the Earth is in a line with the descending node of the comet's orbit. He adduces, also, some instances
in one or two years of dark bodies having been actually seen, about
that date, passing across the Sun. The description given, however, of these appearances by the observers does not seem at all
consistent with the idea of their having really been meteors ; and
the Abbé is still more unfortunate in trying to connect a darkening
of the Sun on the 12th of May, 1706, with the same cause, he
having apparently overlooked the fact, that a solar eclipse took
place on that day. Dr. Weiss denies the possibility of seeing
meteors at all in such a position at the distance we must suppose
them to be, if actually in the orbit of the comet. As this distance
amounts to no less than three millions of miles, he appears to be
justified in this assertion, unless some of the meteors are of a much
larger size than we have as yet had reason to believe. Nevertheless it may perhaps be worth while to examine the Sun closely about
the time in question. We need hardly remind our readers of the
necessity, in observing the Sun for such a purpose, of keeping the
eye-piece well in focus ; since it has not unfrequently occurred that
persons have mistaken merely terrestrial objects in a distant part of
our own atmosphere for cosmical bodies. If it requires any considerable change of focus to see distinctly objects on the Sun from
that necessary for scrutinizing any part of the Sun itself, this is a
sufficient proof that they are really within the Earth's atmosphere.
VARIABLE STARS.—The subject of the periodical variations of light
of many of the fixed stars being one of great and increasing interest,
we propose to give each month the names of those stars which have
been calculated to attain their maximum of brightness during some
part of it. This will enable those possessed of moderate telescopes
to assist in fixing the future mutations with greater accuracy.
Ninety-five stars have already been determined to have a periodic
change of considerable regularity : a few others have been thought
to undergo changes of irregular period. In addition to these, there
are two or three instances in which only one appearance of a star has
been observed, apparently pointing to the conclusion, that on that
one occasion only it increased so much in brilliancy as to become
visible to us. One of the most remarkable events of this nature is
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the well-known case of the star in Corona Borealis, known as T
Coronæ, which is constantly visible as a telescopic star of the ninth
magnitude, but in May, 1866, suddenly exhibited such an outburst
of light as to be very conspicuous to the naked eye, perceptibly changing the ordinary appearance of the constellation in a manner which
could not fail to arrest the attention of any observer who regarded it.
Of the ninety-five stars whose periods have, with more or less
accuracy, been determined, thirteen have a period of less than a
month, one of a little less than 50 days, three of about 70 days,
one of a little less than 100 days, nine between 100 and 200 days,
twenty-three between 200 and 300 days, thirty-two between 300
400 days, eleven between 400 and 500 days, whilst those of the
remaining two amount to nearly two years in length. As the first
fourteen (for R Lyræ, whose period is about 46 days, changes by so
small an amount as to be always visible even to the naked eye) may
be seen every month, at least during some part of it, we give a
table of their places,* periods, and magnitudes when at maximum
and minimum. It should be mentioned that astronomers have
agreed to denote the variable stars by the capital Roman letters,
beginning with R for each constellation, and taking the stars in the
order of the discovery of their variability : thus, R Sagittarii
indicates the star which was first discovered to be variable in the
constellation Sagittarius. In those cases, however, in which the
star had already a well-known name (as assigned by Bayer in the
northern, or Lacaille in the southern hemisphere), this name was not
allowed to be superseded by the nomenclature of the variable stars,
as confusion might thus have ensued.
NAME OF STAB.

/3 Persei

8 Cephei

B.A.

h.
14
2
6
3
22
18
17
19

17
8
6
18
13
18

m.
53
59
33
53
24
24
39
4556
36
56
45
19
51

N.P D.

s.
59
39
46
25
19
10
19
48
39
27
20
15
16
21

°

98
49
79
77
32
109
117
89
119
70
69
56
92
46

»

0
33
59
53
15
13
47
20
35
30
34
47
42
13

PERIOD.

d.
2
2
3
3
5
6
7
7
7
9
10
12
17
46

The places are for Jan. 1, 1839.

h.
7
2U
10
22
8
17
0
4
14
11
3
21
6

m.
51
49
48
52
48
51
26
14
9
38
48
51
37

MAGNITUDE.

Max.
49
23
49
34
37
75?
4
35
5
82
37
35
8-8
43

Min.
60
40
56
43
4-9
9?
6
4-7
6-5
10-2
45
45
104
46
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Of the stars whose periods are longer, five will probably arrive
at a maximum of magnitude some time in the present month ; but
three of these (R Sagittæ, S Scorpii, and U Capricorni) will, in
Europe, be above the horizon only during daylight. Of the two
others, U Virginis and R Boòtis, we have a few words to say.
U Virginis, R.A. 12h. 44m. 28s., N.P.D. 83° 44'. This star
is calculated to return to a state of maximum brightness early in the
present month, and will probably be of about the 7^ magnitude ;
when at a minimum it is below the 12th, and of course, only visible
to very powerful telescopes. The period has been determined to be
about 208 days, and maxima were well observed by Dr. Schònfeld*
to occur on 1867 February 1, and 1868 March 30. The last maximum must have taken place some time in October 1868, but we
have not been able to learn whether such was observed. About the
end of April, 1868, Dr. Schònfeld remarked an extraordinarily
rapid diminution of light ; but in other respects the mutations
observed by him took place with great regularity. The slowness of
the change about the time of greatest magnitude makes it difficult
to fix the epoch with all the accuracy desirable. The star will, at
the middle of this month, be on the meridian about 9 o'clock in the
evening. It is near the 3rd magnitude star, 8 Virginis.
R Boòtis, R.A., 14h. 31m. 25s., N.P.D. 62° 41'.
This star
attains nearly the sixth magnitude when brightest, and decreases to
below the 12th when faintest. Its period is about 223 days ; and,
as a maximum occurred last October, another may be looked for
about the end of the present month. The star will then be on the
meridian about 10 o'clock at night. It is not far from the wellknown star e Boòtis, which is of the third magnitude.
The cause or causes of the variability of the fixed stars is a
subject on which we must for the present content ourselves with
conjectures. It is not likely that it is connected with any change
in the star's distance from us, since not only would a change of this
kind have to be enormous in amount to produce any considerable
change in the star's magnitude, but, as the variable stars have not
been remarked to possess any large proper motions, we should have
to suppose that the motion producing the change of distance was in
every case precisely in the line of sight, which is evidently very improbable. Perhaps of all the variable stars the most remarkable, as
it is one of the first which was discovered to be so, is Algol or /3
Persei. It is well known that its usual brightness is what we have
given as the maximum, and that it only varies from this during a
* " Aatronomische Nachrichten," No. 1729.
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sow hours, after having maintained it for a little more than two days ;
and that in these few hours it rapidly descends to a much smaller
magnitude (though still always visible to the naked eye) and afterwards as quickly regains its usual brilliancy. This undoubtedly
suggest the idea of an opaque body passing periodically between us
and Algol, and cutting off a part of his light ; and such was the
view propounded by the discoverer. But as the mutations of light
of the variable stars are generally much more regular than this, or at
least, where irregularities occur, they affect the maximum as much as
the minimum brightness, so that no usual magnitude can be said to exist, we must suppose this cause of change, if we accept it in the case of
Algol, to be only an exceptional one. There are then, it would seem,
but two other agents which would produce such an effect. One is
a rotation of the variable star upon its own axis, and the supposition
that one side of it was possessed of a higher degree of luminosity
than the other. The other is, some periodic change in the actual
light-emitting power of the star. Now a rotation of the stars upon
their own axes is by no means in itself an improbable supposition ;
we might rather say the reverse, particularly as our own Sun is
known so to rotate, though the length of that rotation is considerably
longer than those of the periods of the short-period variable stars,
and a small fraction only of the duration of period of those of long
period. But that one side of a self-luminous body should be much
darker than the other, does not appear to be very likely ; and without this, no axial rotation would alone produce the effects observed.
If, however, this be, in the majority of cases, the true cause, we may
expect to find it indicated in a great regularity, both of the length
of the period, and of the degree of brightness of the star at both
maximum and minimum. That this at least does not subsist in all
cases, we already know ; how far it obtains in any considerable
number of cases, we are not yet in a position very definitely to say.
The last cause we mentioned, a change in the light-emitting power
of the star, is one which no doubt exists in some cases, nor can such
an extraordinary phenomenon, as the outburst for instance of T
Coronæ in 1866, be well explained in any other way. This cause
admits, of course, any amount of irregularity in the effects it produces on the apparent magnitude of the star. The difficulty is
rather to understand its usual considerable regularity of effect upon
the variable stars, and this can only be removed by going a step
further back in the chain of causation, and explaining what produces
this supposed change of luminosity, which is quite beyond what the
present state of science can enable us to do. Analogy, however,

285

does not fail us even here ; and the diligence of astronomers has
been rewarded by the detection of a regular change of luminosity in
our own Sun. Every eleven years his surface is less dotted with
spots, and therefore, more uniformly luminous than at other times ;
and this maximum of luminosity is gradually succeeded by a minimum,
when the spots are largest and most abuudant, which minimum however, there appears reason to think, does not lie exactly half-way
between two consecutive maxima. If this variability in the Sun is
at all similar to that of the stars in which changes of magnitude
have been remarked, it is, however, much greater in length of
period than is the case in nearly all those whose variability is known
to possess anything like regularity. Diversity in similarity appears
indeed to be the great law of nature, and thus it is, that analogy
is so frequently found useful in scientific inquiry. But it must
never be forgotten that this is an assistant in research, than which
none requires greater caution in its application. Diligent and
laborious scrutiny and persevering observation are the great engines
to be relied upon in the progress of every branch of science. The
remark that we should be always ready at once to give up any idea
when found inconsistent with fact, has become trite, yet is scarcely
even now, and perhaps never will be, sufficiently borne in mind.
In concluding for the present the subject of variable stars, we
may be allowed to remind our readers that it is not only very interesting, but is especially one in which amateurs may do good service,,
and that with the aid of very moderate instrumental means.
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WOMANKIND:
IN ALL AGES OF WESTERN EUROPE.
BY THOMAS WRIGHT,

F.S.A.

(With a Coloured Mate.)

CHAPTER XIII.
WOMANKIND OUTSIDE THE FEUDAL CASTLE; THE TOWN AND THE
COUJSTRY.
BEYOND the walls of the castle, and having no relationship of their
own with feudalism, lay two other great classes of the population.
First, there were the inhabitants of the towns, the bourgeoisie, or,
as the French historical writers have called them, the tiers etat, who
embodied, perhaps, to a greater degree than any of the others, the
spirit of social and political freedom and progress. These represented the ancient Roman population, recruited as it had been from
.a variety of sources. The other was to a great extent a servile
class, attached to the ground, or pei'sonally to the lord, for it represented the original population of the land, reduced to servility
through conquest, and largely intermixed in the course of time with
slaves reduced to that condition b}' different means. This mixture
formed the population of the country, as it still forms the substance
of our rural population. It was not, however, in the middle ages,
altogether servile, as it included the yeoman and the villain. Among
the mass, in both these classes, there was far less of social refinement than among the feudal, or gentle, class.
There was a wide social division between this latter class, that of
the feudal aristocracy, and the others, upon which it looked down
with a proud feeling of scorn, as upon something possessed of a
totally different and lower nature. Hence the jealousy with which
all marks of outward distinction between the classes were insisted
upon, and hence all those sumptuary laws, which fixed the limits
within which the burghers and the yeomanry might approach to the
finery of the gentry. But the very existence of such a feeling and
of these laws showed a tendency, on the one part, to fall from its
artificial level, and an ambition on the other to rise up to it. There
was an aristocracy springing up among the bourgeoisie itself which,
though hardly acknowledged by the feudal class, was laid upon very
substantial foundations. The constitutions of the towns were republican in their character, and possessed more or less of all the
characteristics of republics. Burgher hfe was a life of turbulence,
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which was, of course, nourished without a check. Trade and commerce, which, of course, led constantly to the accumulation of wealth,
while they took the rising burgher from one distant land to another,
gave him practical knowledge of men and things which few others
possessed, and formed him to habits of business which were invaluable in the administration of public affairs. Schools, which
now very generally existed in the towns, were formed for the
benefit of the burgher class, and it was from them, too, and from
the un-aristocratic class, that the schools of the abbeys and of
the universities were chiefly supplied with students, for the children
of the châtelain seldom went beyond the castle-walls to school.
Thus, this unaristocratic portion of society became the depository
of school-learning", and made its way into the law, and into the
church, and even into the court. Burghers became lawyers, and
priests, and statesmen. We have all these combined in the
person of Thomas Becket, the great Archbishop of Canterbury.
At this time the kings were beginning to see the rising importance
of the burgher class, and to encourage them and take them into
their favour. This was the case with St. Louis of France and
Philippe le Bel, although the latter did issue sumptuary laws.
Etienne Barbette, who held the high municipal office of Prevot
des Marchands under the latter, was high in the favour of both
those monarchs, and St. Louis breathed his last in the arms of
his daughter Aelis, who had accompanied his last crusade. She
married, in her own class, Jean Sarrazin, one of the richest
drapers in Paris, and dying in 1293, was buried in the cloister
of the abbey of St. Victoi", where her effigy was placed on a tomb
raised to her memory. It was in the south that the burgher
aristocracy, who took the title of bourgeois honorables, or burgesses
of the honourable class, appear first, as a body, to have begun to
rival and mix with the feudal society, which we can easily understand through the stronger influence there of the Roman sentiment.
In the north especially, with the thirteenth century, the power of the
bourgeoise rose rapidly, for there the independence and influence of
the towns had been always greater, and commerce and manufactures had flourished. Christine de Pisan, in the latter part of
the fourteenth century, complains bitterly of the display of wealth
made by the women of Paris. A chronicler of the same period,
Meyer, tells us how, when Philippe le Bel visited the towns of
Bruges aud Ghent, with his Queen Jeanne of Navarre, the extravagance displayed by the wives of the citizens was so great,
that Philippe said, he had supposed there had been only one queen
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there, but he saw more than six hundred. It was only, however,
in the course of the fifteenth century, that the higher bourgeoisie,
and the noblesse began to intermix on an equality. This was
encouraged by Louis XL, who gave honours and appointments
to men of the burgher class, and encouraged their wives to go to
court.
It is not to be concealed that during all this time there had
been a sinking among the aristocracy, at the same time with the
rising among the bourgeoisie.
The châtelains had more ways of
spending their wealth on a large scale, and their pride, and love
of action and display, led them into constant extravagance, while they
had fewer means of repairing their losses. After a certain period of
feudal history, we begin to hear rather frequently of poor châtelains and of poor knights, and we find them seeking to enrich
themselves by alliances with the unaristocratic classes, although
they continued to regard them with all their old social prejudices.
The story, which is embodied in the fabliau of the Houce Partie,
turns on an incident of this kind. There was a worthy burgher of
Abbeville who, with his wife and only son, removed to Paris, where
he was respected for his wisdom and courtesy. At the end of six
years the wife died, and the burgher, left alone with his son, began
to look round for an honourable marriage for him.
Now there
were in the country three knights who were brothers, who were
descended of high families both by father and mother, and who
were distinguished in arms ;—
Mès n'avoient point d'eritage
Que (out n'eussent mis en gage,
Terres et bois et tenemenz,
Por siurre los tornoiemenz.
Bien avoit sor lor tenéure
Quatre rings livres à usure,

But they had no inheritance left
Which they had not put all in pawn,
Lands, and woods, and tenements,
In order to follow the tournaments.
There was upon their fief quite
Eighty livres at usury,

Qui moult les destraint et escille.

Which much afflicted and impoverished
them.
JBarlazan, Fabliaux, vol. iv. p. 475.

But the oldest of the knights, who was a widower, had a fair
daughter, who had inherited from her mother a house in Paris, near
the residence of the burgher in question, and the knights fixed
upon his son as a husband for her, with a view merely to his
father's wealth. The match was soon arranged, but the burgher
was persuaded to pass the whole of his property over to his son,
on the understanding that ho was to live with him as one of the
family. The sequel of the story is intended to show the folly of a
father giving his property to his children before his death.. The
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The story, which is embodied

be jras respected. fey te*

vwl èr&ufcief.

At tte endjof six

yeajrs the wife died, a*jd the fcur^her, l«it alone with his son, began
>à*o look round for an honourable marriage for him.
Now-th^fc
were in the country three knights who were brothers', who were^
descended of high families both by father and mother, and ijho
' were distinguished in arms ;—■
Mès n'avoient point d'eritago

But they had no inheritance lest

Que lout nVussent mis en gage,

Which they had not put all in pawn,

Terres et bois et tenemenz,
Vor siurre les. toruoieinenz.

Lrn.d*,

1-

mi

woo**, *nd tenements,

ot dt* r

.

-i-.fi iowr: iiu»*ts.

Mi nvoil sor ior tenénre
Quai ro vingt, livres à usure,
Qui n>oult !t i destraint et oscille.

Harlazait, Fablientr, vol

M&.C.MI

:

-r. •<

and ■inpoifcrisbod

<T5.

^ut the oldest of the knights, who was a widower, had a f&jfca
daughter, who had ,xxh* riied from her mother a house in Paris, near
the residence of the bargher in question, and the knights fixed '
jrf£on his son as a husband for her, with a view merely to h^
father's wealth. The match was soon arranged, but the burgher
was persuaded to pass the who'e of his property over to his son,
on the understanding that he was to live with him as one of the
family.

The sequel of the story is intended to show the folly of a

father giving his property to his children before his death.

The
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lady was proud and haughty, treated her father-in-law with
disdain, tyrannized over her husband, and after a short time
forced him to turn his father out of the house. This incident,
under different forms, is rather a popular story in the Middle
Ages.*
It was, however, more frequently with the agriculturist, the
villain, who sometimes became possessed of landed property, that
the impoverished knight sought these unequal marriages for his
daughters. In such cases the match was never a happy one; it
was always contrary to the inclinations of the lady, and often
forced upon her, and she was justified in disliking her husband,
and proving unfaithful to him. On the other hand, the husband,
who had been led into the marriage by vanity and ambition, and
was jealous and suspicious, was unkind to his wife, and even beat
her. In the fabliau of the Vilain Mire, there was a rich vilain,"
who was so miserly that, in spite of his riches, he still continued to
follow his plough. He was unmarried. In the same country there
was an aged knight, a widower, with a beautiful and courteous
daughter, but, as he was poor, nobody offered to marry her. So
the friends of the vilain addressed themselves to the knight, and
he consented, and the damoiselle yielded to her father's will, and
was married to him. The vilain soon repented of what he had
done, became jealous of his wife, and ill-treated her. The manner
in which she revenged herself is identical with the story of
Molière's " Médecin malgré lui." The elegant little poem of
" La Chatelaine de Saint Gille," printed in Barbazan (Fabliaux,
vol. iii., p. 369), tells of a young damsel, daughter of a châtelain,
whose lover is the son of a count, but who is forced by her father
into a marriage with a rich vilain. In this case the damsel's grief
is told with much force, and she does not conceal her feelings from
the priest.
* In one of the versions told in Latin in my "Selection of Latin Stories," p. 28,
tlio deserted father makes his reappearance with a chest, and is reinstated in his place
in the household, in the belief that it is filled with treasure, and cherished till his
death, when, on opening the chest, it is found to contain nothing but a mallet, or
beetle, with the following inscription in English rhyme, which became proverbial:
Wyht suylc a betel be he smyten,
That al the werld hyt mote wyten,
That gyf lit his sone al his thing,
And goht hym self a beggyn.

With such a beetle be he smitten,
That all the world it may know,
That gives his son all his property,
And goes himself a begging.

We might be led to suppose that such treatment of parents by their children was not
uncommon in the Middle Ages.
VOL.

—NO.
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" Maugré moi voir je l'averai ;
Mès jà foi ne li porterai,
Sire prestres, bien le sachiez."
" II ne me chaut que vous faciez,"
Dist li prestres, "je vous espouse."
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".Against my will truly I shall have
J3ut I will not engage my faith to him,
Sir priest, be well assured of it."
" I care not what you do,"
Said the priest, " I espouse you."

But the marriage was hardly concluded when the lover made his
appearance, seized upon the bride in tho vilain's hall, and carried
her away on his palfrey. I might easily multiply examples of these
unsuitable marriages between members of the aristocratic and of the
unaristocratic classes.
In fact, the separation between
them, however it might bo broken
into in practice from time to time,
became wider than ever in theory.
The lady of the castle could not bear
to think that the fair bourgeoise wore
a dress like her own, or of the same
materials, or adorned with similar
jewellery. For a long time, in accordance with these prejudices, the
dress of the burgher women, however
high their family might stand in riches
or in municipal rank, continued to be
plain and simple, and perhaps nearly
uniform. Such was the case with
Aelis, the wife of Jean Sarrazin, of
Paris, mentioned above, the simplicity
of whose costume, no doubt that of
the bourgeoise of her time, was seen
in her monumental effigy in the abbey
of St. Victor.
She died in 1293.
In spite of the high political position
of her father, and the high municipal
functions of her husband, sho wears
tho costume of her class; no fur, no
A LADY OF THE BUEGHEE CLASS.
gold or silver tissue, appear on the
materials of her garments, and the
only ornament on her costume is the clasp of her mantle, which is
formed of a small gold chain, at the two ends of which are two
precious stones mounted in gold. Wo have—or rather had—
another example of a lady of municipal rank in the effigy of
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Hermessende de Ballegny, the wife of René de la Porte, a bourgeoise of Senlis, who died in 1284. This effigy was once to be
seen in the cloister of the abbey of Chaalis. She was clad in a
long robe, the train of which she held up under her left arm. A
mantle lined with fur descended to her feet. Her head was enveloped with a flat veil, from which issued two fillets. Sho had
long-rounded shoes.
The earlier illuminated manuscripts furnish us with few figures
which can be identified as representing individuals of the burgher
class. Those hero given of a lady and her child are taken from
a French manuscript of the closing years of the thirteenth
century, preserved in Paris, and evidently represent persons of the
better class of municipal society. The lady wears a plain tunic, or
robe, descending to the feet, , and a head dress of an equally simple
character. The second of our cuts is taken from an English source,
the manuscript now so well known as Queen Mary's Psalter (MS.
Reg. 2 B. VII.) which belongs to the beginning of the fourteenth
century. In the original it forms
part of a group representing the
relatives of Thomas Becket, when
driven into exile by King Henry
II., making their way on foot towards the sea. Becket's family,
as it is well known, were citizens
of London, and the English costume of the class as shown here,
is identical, or very nearly identical, with that of the bourgeoisie
of France, as represented in the
last cut. However, at this period,
EELATIVES OF THOMAS BECKET.
it had for some time been found
more and more difficult to restrain the increasing desire of tho
women of the towns to imitate the extravagance in dress of the
lady of the castle. This is sufficiently strongly indicated in the
literature of France, but we have not the materials to trace it with
equal distinctness in England. The young wife of the carpenter,
in Chaucer's "Milleres Tale," is described as one of the more
coquettish of her class, and the poet's description of her costume is
well known.
Fair was the yonge wyf, and thirwithal,
As en y wesil hir body gent {elegant) aud snial,
A seynt {girdle) Bche wered, barred {-striped) al of silk;
In barm-cloth (apron) eek as whit as mome mylk
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Upon hir lendes (loins), fui of many a gore (pleat)
Whit was her smok, and browdid (embroidered) al by fore,
And eek byhynde on hir coler aboute,
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swathes. The female on the right has a grey dress, and a green
head-covering, and her stockings are yellow, and her boots grey.

Of cole-blak silk, withinne and eek withoute,
The tapes of hir white yoluper
Weren of the same sute of hire coler ;
Hir filet brood of silk y-set ful heye.
#
#
•' '#•
*
*
And by hir gurdil hjng a purs of letliir.
Chuucer, Cant. T., 1. 3233.

No doubt tho popular literature of the feudal period would
furnish materials for a much more elaborate description of the
costume of tho bourgeoise at different dates, but the figures here
given will bo sufficient for tho present. Our third cut is taken

A GEOUP OF TUE TOPULACE.
A SCENE IN TUE STEEET.

from a manuscript of the fourteenth century in the British Museum
(MS. Reg. 20, C. VII., sol. 32), and forms part of a group of
burghers walking in the street.
In tho next cut wo sink a little lower in the scale, and introduce
an example or two of what may bo taken to be the populace of the
mediæval town, given by Louandrc from an illuminated manuscript
of the "Moralité du Jeu des Echecs/' in the Royal Library at
Brussels. The colours of the costumes are here rather bright and
varied. The woman to the left, who carries her infant in swaddlingclothes, as was then the custom, wears a red robe, or gown, and
has, like the carpenter's wife in Chaucer, a white apron. Her headdress is white ; and the envelope of the baby is white with blue

Of the social life and character of the women of the higher and
more educated class of the bourgeoisie, the details we possess are not
abundant, but a general idea may be formed from a perusal of the
"Ménagier de Paris," which I have so often quoted. For our knowledge of Womankind among the mass of the population of tho town
we must look to the fabliaux and popular tales, to the farces, and to
the popular literature generally, and there we shall find it pictured
pretty fully, and it must be confessed in not very amiable colours.
The generality of the burgher women are represented as ill educated, coarse in language and manners, and violent in temper.
They tyrannize over their husbands, and beat them, and are often
beaten in their turn. They loved gadding about. This is perhaps
easily understood, when we consider that town life, as far as the
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male sex was .concerned, was very much out-of-doors, and that the
women were left to themselves, and therefore sought society among
themselves, and, as they had not this at home, they sought some
common place of meeting. This place was the tavern, which, in
the mediæval town, was, there can be no doubt, the great place of
resort for both sexes. An early satirical writer, quoted from a
manuscript in private hands by N. Achille Jubinal, telling of the
tricks employed by the taverners to cheat their customers, says
that thus they enrich themselves :—
Qant lea dames de la cité,
Ainz q'au moustier ou au marchée,
Vers îa taverne au matinée
Venent trotant le petit pass.

When the dames of the city,
Before going to church or to market,
Towards the tavern in the morning
Come trotting with short step.

The love of the bourgeoise for the tavern is continually alluded to
by the early popular writers. In one of the French black-letter
farces of the fifteenth century, a joker of the time is introduced,
boasting of the wonderful inventions he has made, and among them
is a method to make women hold their tongues ; this is, by giving
them plenty to drink.
Baillez-leur à boire.
Cor je croy, tandis qu'ilz bcvrcnt,
Que alors point ilz ne parlèrent.
" Farce Nouvelle do Jenin Landore."

These farces were first made to enliven the dull mysteries, or religious plays, with which the mediæval clergy sought to edify thencongregations on certain occasions. When the hearers appeared to
be too much wearied with the religious piece, or when it was judged
probable that they might be, one of those farces was introduced
between the scenes, the subject usually taken from vulgar life. Thus
in the middle of the religious play of the Life of St. Fiacre, printed
by M. Jubinal from a manuscript of the fifteenth century, a farce is
introduced—cy est interposé une farsse, according to the stage
direction in the manuscript,—the subject of which is a scene of
popular life, the characters being men of the country instead of the
town, but in this particular characteristic their manners appears not
to have differed. A scuffle has taken place between a yeoman, a
sergeant, or bailiff, and a brigand, in which the sergeant's arm is
broken. The wives of the bailiff and yeoman meet in another scene,
and the latter tells the former of her husband's mishap, at which
she expresses her joy, inasmuch as he had beaten her severely the
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night before, and she hopes he may be disabled from doing it again.
The yeoman's wife then proposes to adjourn to a tavern :—
Ma, suer, je scay une taverne,
Où il a un moult sy friant,
Qu'à touz corps fait le cuer riant
Qui en avalle.

Sister, I know a tavern,
Where there is a wine so dainty,
That to all bodies it makes the heart laugh
Who drinks of it.

Accordingly, they proceed to the tavern, and address themselves to
the hostess :—
Tavernière, si Diex vous voie,
En i. lieu privé nous metez,
Puis à boire nous aportez.

Hostess, with God's blessing,
Put us in a private room,
And then bring us to drink.

So the women are shown into a private apartment, and are served
with wine; and here they enter into a rather free conversation
on the characters of their husbands, not much to the advantage
of the latter. Says the wife of the bailiff:—
Vous buvrés tout premièrement,
Commère, vous estes l'ainée.
Aussi m'avez aportêe
La nouvelle premièrement
De mon maiy qui malement
Est atourné ; j'en ay grant feste,
Je vouldroie qu'euít, la teste
Parmy brisiée.

You shall drink first of all,
Gossip, you are the elder.
Moreover you have brought
Tho news first
Of my husband, how he is
In evil plight ; I am in great joy.
I wish he had had his head
Entirely broken.

However, it turns out that the bailiff's hurt was not so great as
had been supposed ; and the drinking-room was not so secret ;
but the women are alarmed soon after by seeing their husbands
approach the tavern. They arrive, find their wives, and beat them,
and, as their wives are very ready at defending themselves, the farce
ends in a general scuffle. Such was burgher life in one of its lower
phases.
There was another establishment peculiar to the mediæval towns
which formed a favourite resort to the townswomen. All the Roman
towns of any importance had their public baths, their thermæ, for
which the popular name at the close of the Roman period appears to
have been stuphœ, or some word nearly resembling it. The baths
continued in the towns through the middle ages, and the same
popular name was adopted both into the Romane languages and into
the Teutonic. They were called in Italian stufe, in Provençal estubas,
and in French estuves, or, in a later orthography, étu ves ; in our own
Anglo-Saxon, the word had taken the name of stofa, and in the
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German dialect of the middle ages, that of stobe or stove. In English, the word took the form of styves, or stuwes, modernized into
steius.* The women of the mediæval towns appears to have spent
much of their time in these estuves. They met there as to a party
of amusement, and often clubbed together provisions to make a
"banequet," much in the manner of the fashionable pic-nics of
the days of George III. The earlier French popular literature
introduces us to the scenes which occurred on these occasions, but they
are so coarse and disreputable that I will not venture to describe
them here. In the manner in which they were conducted, these
establishments offered so many facilities to discreditable intrigues^
that they became known as houses of ill-fame. They continued to
exist in France until rather a later period ; in London, they were
suppressed by King Henry VIII. in 1546. The name is now only
known in a bad sense. In principle they were, of course, the representatives of the modern Turkish bath, and came originally from the
same source.
The tone of society in the towns, as revealed by these scenes in
the estuves, was extremely gross, and the language the women use,
and the subjects of which they talk, would not bear repetition at the
present day. This was, no doubt, less the case with the higher class
of the bourgeoisie, though, in the Menagier de Paris, the women of
this class are expressly warned against the use of obscene words and
expressions.
Morality, too, appears to have been at a low ebb,
and the burgher women are represented as engaged continually
in low intrigues, and as too often faithless to their husbands.
Various circumstances conduced to this state of things. The women
of the towns, and of the common class in the country, were left much
to themselves, and were perhaps on that account more exposed to
corruption. But the literature of the feudal ages, its tales and
fabliaux, its satires, as well as the more serious records of social
history, unite in destroying any doubt which might remain on our
minds that the Romish priesthood, deprived of the privilege of
marriage, were the great corruptors of female morality. This was
chiefly the case outside the walls of the feudal castle. The clergy
within—the chaplains of the feudal chieftain—were too widely separated in social level from the ladies of the household, and too close
under the observation of the lord and his knights and esquires, to bo
of much danger. It was the parish priesthood especially, who mixed
with their parishioners on a footing of equality, and, in fact, belonged
* It may be well to state, that, from this word are derived the English word slew'
and stove, and the modern French word étuve (a stove).
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generally, by blood, to the same class, who, armed with what I
cannot but consider as the demoralizing system of auricular confession, were the great underminers of the social morals of the
middle ages. In the popular stories of the time, every woman
•almost has a priest, or a " clerc," or a monk for her lover, and not a
few of the stories turn upon the alliance or rivalry of clergy and laity
in the same pursuit. Moreover, a very considerable portion of the
clergy, down to a very late period, so far set the regulations of the
Church at defiance, that they lived with concubines, who were
acknowledged by the parishioners as their wives, and were commonly spoken of as the " priestesses," who were considered as
holding rather a high position in the popular society, and whose
children were proud of their descent. The wife of Chaucer's Millar
of Trumpington, was daughter of the parson of the town.—
A wyf he hadde, come of noble kyn ;
The parsoun (parson) of the toun hir fader was.
Chaucer, Cant. T., 1. 3940.

and it is added immediately afterwards,—
And sche was proud and pert as is a pye (a magpie).
*
#
*
#
*
Ther durste no wight (creature) clepe (call) hir but madame ;
Was noon so hardy walkyng by the weye,
That with her dorste rage or elles pleye.

The priests' wives, or priestesses {■prétresses'), formed quite a class
in mediæval society, although they were not acknowledged by the
church.
The stories and satires generally describe the wife of the burgher
as ill-tempered and quarrelsome, and as living more or less at discord
with her husband, and she often beats him and tyrannizes over him.
They are usually jealous of each other. The woman's work is
spinning, which was equally the case among the inhabitants of the
country; for this seems to have been looked upon as the natural
occupation of Womankind. In the fabliau of Barat and Hairnet,
belonging apparently to the thirteenth century, a robber in the
country entering one day the house qf a man who was absent in the
wood, finds his wife at home spinning.
Sa fame ont trovée filant.

The women assembled together at their work, just as they did in the
étuves or baths, brought their provisions and made pic-nics, and
thus often spent their long evenings, gossiping over their work,
talking of the doings of their husbands, telling scandalous stories of
their neighbours, and discussing miscellaneous subjects connected
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with their superstitions and popular prejudices. The conversation
supposed to have taken place on one of these occasions was formed
in the middle of the fifteenth century into that most curious of early
popular books, " Les Evangiles des Quenouilles," The Gospels of
the Distaffs.*
The illuminations of the manuscripts furnish us with few illustrations of the social life of the yeomanry or of the peasantry during
the period I am now describing. It appears to have been less
known to, or to have been regarded more contemptuously by, the
mediæval artists than that of the other classes. The accompanying
cut is taken from a manuscript of the Dance of Death of the fifteenth
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market. Her companion has a puce coat, with pink lining and blue
breeches, and his hat is orange and blue. His stockings are pink,
and his sleeves red. Our next cut is taken from a manuscript in the
British Museum (MS. Harl., No. 2278, folio 75, r°), also of the
fifteenth century, but executed in England, and containing Lydgate's
metrical history of the life and miracles of St. Edmund the Martyr.

VILLAGERS OF TIIE FIFTEENTH CENTURY.
A YEOMAN AND

century, in the Imperial Library in Paris. It represents a country
labourer and a village woman of the fifteenth century. The female
has a grey dress, with a brown apron, and she has red sleeves over
those of the dress. Her head-covering is white. She carries a
basket, which appears to contain bottles, on her head, just as it
would be carried by many a woman of the peasantry at the present
day, and she carries another basket on her arm. The illuminator
probably intended to represent her coming from, or going to,
* A very nice edition of this book has been published in Paris in the Bibliothèque
Elzevirienne, and may he had at a moderate price.

JUS WIFE.

It is intended to illustrate one of the miracles performed by the
saint, and represents a countryman and his wife, who were the
subject of it, sitting together in their cottage. To judge, by the
elegance displayed in the small house and its furniture, we may
suppose the couple to be intended for a respectable yeoman and his
wife. Their dresses are both white.
Whoever would form a true notion of the condition and manners
of the rural population during the middle ages, must read the
" Propos Rustiques, Baliverneries, Contes, et Discours d'Eutrapel,"
of Noel du Fail. They form a charming picture of rustic life, com-
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posed by a gentleman of Britanny towards tbe middle of the sixteenth century ; but they no doubt represent social life as it had
existed in the country, with very little change, through the feudal
period. The peasant was not ill at ease; he was neither hard
worked nor starved, nor oppressed in a manner which would be
personally painful, and, with religious feasts and holidays, he was
indulged with frequent occasions for festivity. As the peasantry
were in an entirely servile condition, attached to the ground on

A DANCE OV SIIErHEEDS.

which they were born, they must have been more or less rude and
uncultivated in their manners and character. One class, however, the
shepherds and shepherdesses, are described as an exception to this.
Pastoral life would seem to have had the effect of softening down
the character of those engaged in it, and they appear to us as
passing their days in quiet happiness, occupied in weaving chaplets
of flowers and leaves for each other's heads, the shepherd making
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love to his shepherdess, and the latter testifying to her attachment
for her swain. Our cut represents a dance of shepherds and shepherdesses, taken from a manuscript Livre d'Heures of the fifteenth
century, preserved in the Bibliothèque Impériale in Paris (No. 1173,
Lat.), said to have been executed in Flanders. In the original it
forms part of the scene of the Annunciation, and represents a group
of shepherds and shepherdesses engaged in a carole, or dance,
round a tree. The damsel to the right, with the chaplet on her
head, is evidently the belle of the party.
It is a curious fact that almost all ages, and almost all
countries, have agreed in clothing the pastoral life in poetic form
and sentiment. How this feeling arose, it is difficult to explain, but
we know that it was eminently the case among the Greeks and
Romans.
This pastoral sentiment appears to have been carried
into the mediæval literature of Western Europe through the poetry
of the Provencals, of which it appears to have formed a part in the
earliest ages of its history. Wo find pastoral poets among the
small number of trobadors who lived before the middle of the
twelfth century, and they belong evidently to a class which had
existed long before. But feudalism introduced into this pastoral
poetry a new and very characteristic element.
The type of the
mediæval shepherd and shepherdess is Robin and Marion. The
latter is seen during much of her time seated alone, making a
chaplet for her Robin or for herself, or engaged in some other
rustic occupation, and watching her flocks. Then comes a knight,
a châtelain, perhaps some great baron, riding over the land. He
considers the shepherd maiden as his right, addresses himself to
her, and seeks to overcome her virtue by persuasion or by force.
Sometimes she yields easily, and perhaps he carries her away. At
other times she resists, or at least is overcome only by degrees, or
by personal violence. Or sometimes her Robin, with a sufficient
number of his companions, comes to the rescue, and the intruder is
obliged to relinquish his prey. It is the knight himself who always,
in the Pastoral, relates the adventure, whether it were to his advantage or not. As poetical compositions, these feudal pastorals are
extremely elegant and graceful. A certain number of these " Pastourelles," as they are called, are preserved, two or three in Provençal, and therefore belong to the south of France, but the greater
proportion are composed in the language of the north.
These
belong to the thirteenth century. Adam de la Halle, a writer of
that century, a native of Arras, has left us a sort of dramatic pastoral, " The play of Robin and Marion" (U Gieus de Robin et de
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Marion), which gives quite a charming picture of pastoral life in this
poetic point of view. At the opening of tho scene, Marion sits
meditating on her affection for Robin, when a knight rides up and
pays his addresses to her somewhat rudely. She resists, and ultimately, after several amusing incidents, the knight is driven away.
The shepherds and shepherdesses then elect a king, and join in a
game of questions, in the course of which Robin is condemned to
embrace his Marion, and the following description of the maiden's
coyness, and tho somewhat grotesque compliment paid to her by her
lover open a new scene :—
Li EOIS.
Va, s'acole dont Marion
Si douchement que il li plaise.
MARIONS.

Auvar dou sot, s'il no me baise !
ROBINS.

Certes, non sac.

THE KING.

Go, let him then kiss Marion
So gently that it may please her.
MARION.

Away with the fool, if he is not kissing me !
ROBIN.

Indeed, I am not doing it.

MARIONS.

MARION.

Vous cn mentes.
Encore i pert-il, csgardcs !
Je cuit que mors m'ou visage.

There you lie.
He is at it again, look !
I believe that he has bitten me on the face.

ROBINS.

Je cuidai tenir j. srouinage,
Si te senti-je tenre et mole !
Vien avant, seur, et si m'acole
Par pais faisant

ROBIN.

I thought I was holding a cheese,
I felt thee so tender and soft !
Come forward, sister, and kiss me
To make peace.

It must bo borne in mind that the cheese seems to have
been the favourite food of the rustic population of France. The
play of Adam de la Halle ends with a dance.
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1869.
barometer was generally high
through January, but at the end of the month descended to a very
low point. The mean height on the 1st was 30*044 ins. ; from this
it fell to 29*548 ins. on the 3rd. On the 4th, there was a little
increase in pressure, but the next day the readings were decreasing
from 3 A.M. to 3.30 P.M. At this time the barometer commenced
rising rapidly, and continued in uniform upward movement to 3 P.M.
of the 6th, bringing that day's mean to 30*283 ins.
The readings increased gradually, attaining the maximum height
of the month 30*502 ins. on the 9th. A period of diminishing
pressure ensued, which lasted to 3 A.M. of the 15th, reducing the
mean to 29*701 insv On the 16th, the barometer rose very quickly
until 11 A.M., and a continuance of the motion at a reduced rate for
the three succeeding days, brought the mean height to 30*487 ins.
on the 19th.
There was a nearly uniform descent of the mercury until the
27th, when its movement, accelerating, became very fast from 4 P.M.
of the 28th, to 5 A.M, the following day. Considerable oscillation
was recorded during this fall, and also throughout the day, the
barometer remaining low. The mean 29*118 ins was the lowest in
the month. On the 30th, the barograph showed a steady rise in
pressure until 4 P.M., bringing the mean to 29*566 ins. On the 31st,
at 4.50 P.M., the curve indicated a sudden depression of 0*052 ins. in
the mercury, which lasted until 5.10 P.M., when it regained its former
position.
The mean height was 29*260 ins. on the 31st.
The mean barometric reading for January was 30*003 ins.
TEMPERATURE OP THE AIR.—The temperature was unusually mild
during January, rising above 50° on ten occasions, and only falling
below 30° five times. At the beginning of tho month the thermometer rose from 35*3° on the 1st, to 52*6° on the 3rd; the succeeding days were a little colder. On the 7th, the temperature
curve rose rapidly from 1 to 3.5 A.M., then fell instantaneously 4°.
ATMOSPHERIC

PRESSURE.—The

OBSERVED AT THE KLVV OBSERVATORY
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From 49*0° ou the 8th, the daily means diminished to 39*7° on
the 11th. During the 11th, 12th, and 13th, the total variation did
not exceed 4"5°, but the registers for the following days record a
continuous rise of the thermometer from 9 A.M. of the 14th, to 2 A.M.
of the 15th; it then fell to 6.15 A.M. of the 16th, and again rose
rapidly until 2 P.M. It now became quite stationary for twenty
hours, the oscillations until 10 A.M. of the 17th not exceeding half a
degree ; however, at 2.50 P.M., a change took place, and the temperature declined quickly with much fluctuation, reducing the mean
from 49*1° on that day to 36*9° on the next. The days became
gradually colder until tho lowest mean of the month, 30*7° was
reached on the 24th. At 8.30 A.M. on the 25th, the thermometer
rose, and a still farther elevation on the 26th brought the means to
40-5°. Temperature was rising all through the 28th until 5 A.M on
the 29th, and 52"8°, the highest point in the month, was attained on
the 31st.
The thermograph recorded the following sudden falls of temperature in January : at 2d. 3h. 0m. A.M., 2-5°; at 7d. 3h. 5m. A.M.,
4°; the 29d. 5h. 5m. A.M., 3*7°, and 4*2° at 9.30 P.M. the same day.
The highest maximum temperatures registered were 54*5° on the
5th, 54-0° on the 28th, and 55'7° on the 31st. The lowest were
32-9° the 23rd, and 34-7° the 24th.
The highest minima were 46*5° on the 9th, and 44*4° on the 29th.
The lowest being 27"0° on the 24th, and 26"6° on the 25th.
The greatest extent of daily range was 16'6° on the 2nd; 2"5°
on the 13th was the least, the mean was 9'8°.
The mean temperature for the month of January was 41'9°.
RELATIVE HUMIDITY.—The air was fully saturated with moisture
on the 18th, the next highest degree, 0*98 being reached on the
7th and 24th. The smallest amount present was 0'75 on the 25th.
RAINFALL.—The quantities of rain measured were as follows:—
DAY.

AMOUNT.

DAY.

AMOUNT.

DAY.

AMOUNT.

2

0-110 inch.

15,

0-160 inch.

29

0'550 iuch.

3

0-065 „

16
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30
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4

0-160

,

17

0-090 „

31

0-143 „

5
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18

7
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:
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0-010 „
o-oio „
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From 49-0* on the S oh, the daily menu* diminished to 39-7° on
the 11th.

During tho 11th, 12th, and 13th, the total variation did

not exceed 4-5°, but the registers for the following days record a
continuous rise of the ihermomei-.-; from 9 A.M. of tho Uta, to 2 A.M.
of the 15th; it then fell to 0.15 A.M. of the 16th, and again rose
"rapidlv until 2 fM.

It now became quit* stationary for twenty

hears, ti* oscillations until 10 A.M. of the 3 7<h not exceedmg half a
degree; however„,at 2.50 P.M., a change took place, and the temperature declined quickly with much fluctuation, reducing the mean
from 49-1° on that day to 3sv9° on the next.

The days became

.rraduallv colder until the lowest mean of the month, 80-7 was
reached on the 24th. At 8.30 A.M. on the 25th, the thermometer
rose, and a still farther elevation ou the ÍÍÔth brought the means to
40*°.

Temperature was rising *ii ■ ^.iesh the 28th until 5

A.M

on

the 29th, and 52-8°, tho higher T-,.ut v, :hv month/was attained-on
tho 31st.
Tho thermograph recorded î-he
verai-uro in January : at «d. on. >.u'.

A.M., -

*w

":il-

■> , a

M.,

4°; the 29d. 5h. 5m. A.M., 3 7°, and 4'2° at 9.30 p.
The highest maximum temperatures registered
5th, 54 0° on the 28th, and 55-7° on the 31st.
32-9° tho 23rd, and 34-7° the 24th.

ere S4HK M the
The lowest were

The highest minima were i6'5c on the 9th, and 44"4 on the 29th.
The lowest being 27'0* on the 24th, and 26-6° on the 25th
The greatest extent of daily range was 1Q^° on the 2nd; 2*5
,m the 13th was the least, the mean was 9'8°.
i mean temperaiure for the month of January was 41"9 .
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.
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HUMIDITY

;x\\ aud 24th.
'

air was fully saturated with moisture

the 1-th. .he next highest degree, 0'98 being reached on the
The smallest amount present wa3 0*75 on the 2oth.

1U<\ FALL.—Tho quantities of rain measured were as follows:—
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The total fall during the month being 2*160 inches.
general direction of the wind was :—
North-East—7th.
East—12th and 13th.
South-East—10th, 14th, 22nd, 23rd, and 24th.
South—9th, 11th, 19th, 20th, 25th, and 27th.
South-West—1st, 3rd, 15th, 16th, 17th, 26th, 28th, 29th, and 30th.
West—2nd, 4th, 5th, 6th, 8th, 18th, and 21st.
On the 2nd the anemograph recorded a change of direction from
S. to W. at 2.30 A.M., attended with a diminution of the wind's
velocity. On the 3rd the rate had increased to 40 miles per hour at
10 A.M. During the night of the 6th the wind shifted round from
S. to N.E., the velocity at the same time dinishing from 15 miles to
2 miles per hour. At 9.50 P.M. the following day it went back
suddenly from N.E. to W.
The 18th was nearly calm, the light westerly breeze veered to S. at
11.40 P.M. The 21st was also a calm day up to 3 P.M., the direction
then altered from S. to E. The rate of the wind varied from 30 to
40 miles between 1 and 4.50 A.M. of the 29th, it then decreased to 8
miles, direction changing from S.W. to W.N.W., but at 11 A.M. it
again blew at 35 miles from the S.S.W.
The largest passage of wind in twenty-four hours was 750 miles
on the 31st.
WIND.—The

FEBRUARY.
ATMOSPHERIC PRESSURE.—The

month opened with a very low
barometer, the mean for the 1st being only 29*036 ins.; but from,
1 P.M. that day to midnight of the 2nd it steadily rose. The 3rd it
was stationery, but the ascensional movement was resumed on the
4th and 5th, and the mean for the latter day was 30*242 ins. From
this point the mercurial column descended, gradually on the 6th,
but attended with some oscillation on the 7th. On the 8th tho
mean was 29*598 ins. The readings increased regularly through
the three following days. The barometric curve for the 12th was
highly interesting. At 1 A.M. the barometer began to descend,
slowly at first, but the rate afterwards increasing, the fall became
very fast from 10 A.M. to 4.25 P.M., at which time a violent storm
passed over the Observatory, and the mercury rose immediately ;
by 6.10 P.M. it had risen 0*485 ins. from its former position, it
afterwards continued in upward movement, but at a more usual rate.
This barometric change is the most rapid and abrupt ono ever
recorded by the Kew instruments.
The mean height 30*360 ins. on the 13th was the greatest
VOL. in.—NO. iv.
x
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attained during the month, pressure then diminished to 29*733 ins.
on the 18th. On the 24th the barometer fell rapidly from 9 A.M. to
7.10 P.M., reducing the means from 30-249 on the 23rd to 29*993 ins.
on the 25th.
Considerable oscillation was registered on the 26th and 27th,
and the mercury falling during the 28th gave a mean of 29*855 ins.
The mean height for the month was 29*954 ins.
TEMPERATURE OP THE AIR.—The 'mean temperature decreased
from 50*7° on the 1st to 44*1° on the 2nd. At 4.20 A.M. on the
3rd, the thermometer rose, quickly at first, afterwards more slowly
until 1 P.M., it then remained stationary until 10 A.M. the next day.
The mean for the 4th was 51*9°.
The thermometer stood lower on the 6th, on which day twa
sudden elevations were recorded, 6*3° at 6.20 A.M., and a similar one
of 4*8° at 11.30 P.M.
There was little variation in the daily curves until 11 A.M. of the
12th. The thermometer then rose 5*1° very quickly. From that
time it remained constant to 4.25 P.M. An almost instantaneous
decline of 13° then occurred. This movement corresponds with the
barometric change at that time, and like it is unprecedented in the
Observatory records.
Afterwards the temperature did not vary between 4.30 P.M. and
9 A.M. the next day. The mean on the 11th was 51*6°, and on the
13th 42*2°. The 16th mean was 48*9°; on the 17th, a heavy shower
passed over the instrument at 1*55 P.M., suddenly reducing the
temperature 3*7°.
After this date the days became colder until the 22°, the mean
for which was the lowest of the month.
There was much fluctuation of the thermometer on the 23rd, aud
a fall of 3*1° was registered at 8 P.M. of the 24th. The mean for
the 26th was 46*9°, it afterwards declined to 40*0° on the 28th.
The highest maximum temperatures recorded in the month were
as follows :—60*8° on the 5th, 57*7° on the 6th, and 57'0° on
the 11th.
The lowest maxima were 36*1° on the 22nd, and 42*0° on the 23rd.
The lowest minima were 31*0° on the 19th, and 33*4° on the
23rd and 24th.
The highest minima were 51*1° on the 1st, and 50*3° on the 11th.
The greatest extent of daily range was 20*7° on the 3rd, 19*4°
was recorded on the 6th and 19th.
The smallest range was 2*1° on the 2nd, and the mean for the
month 9*8°. The mean temperature for February was 45*9°.
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EELATIVE HUMIDITY.—The quantity of moisture present in the
air this month never amounted to saturation, the highest proportions being 0*98 on the 12th, and 0*95 on the 3rd, the proportion
stood lowest on the 26th, 27th, and 28th, when it was 0*66, 0*57,
and 0*63 respectively. The mean for the month was 0*82.
RAINFALL.—The following table gives the amounts of rain
received by the guage, :—

DAT.

AMOUNT.

DAT.

AMOUNT.

DAT

AMOUNT.

1

0142 inch.

11

0-010 inch.

24

0010 inch.

2

0180 „

12

0586 „

35

0110

3

0040 „

13

0090 „

26.

o-oio „

4.

0092 „

18

0-240

28.

0013

9.

0030 „

22.

0-200* „

10

0083 „

23

0-144* „

„

The quantities marked * were melted snow and rain.
amount of rain in February was 1*980 ins.
WIND.—The general direction of the wind was :—
North—22nd and 23rd.
North-East—21st.
South—6th.

„

„

The total

South-West—1st, 3rd, 4th, 5th, 7th, 8th, 16th, 17th, 18th, 20th,
24th, and 25th.
West—9th, 10th, 11th, 14th, 15th, 19th, and 26th.
North-West—2nd, 13th, 27th, and 28th.
On the 1st the wind blew at 40 miles per hour, until 3 P.M.,
then the velocity gradually diminished, and the next day was almost
calm, the direction at the same time passing from S.W. to N.N.W.
At 4.15 A.M. on the 3rd a S.W. breeze of 25 miles sprang up,
which lasted until the night of the 5th.
The rate gradually increased on the 7th and 8th, and on the
latter day the passage of 860 miles was registered by the anemograph.
Several noteworthy changes of wind were recorded during the
passage of the storm of the 12th. At 4.35 A.M. the direction
shifted from S.S.W. to N.E., and E. ; at 10.45 A.M. it again
became S.W., the velocity at this time rose from 10 to 25 miles
per hour, which rate was maintained until 4.25 P.M., when it
suddenly mounted to above 40 miles, the direction simultaneously
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veering from S.W. to N.N.W. This high wind ceased between
7 and 8 P.M., and the night was nearly calm.
During the 20th and 21st the direction gradually moved from
N.W. through S. and E. to N.E.
A change from S.W. to N.W. was recorded at 7.30 P.M. on
the 24th.
MARCH.
ATMOSPHERIC PRESSURE.—The last month closed with a falling
barometer; but at 4 A.M. on the 1st, it turned, and rose until 2 P.M.,
oscillating meanwhile ; another downward movement then ensued,
which was attended with considerable fluctuation; this lasted to
2.30 A.M. the next day.
When the column had reached its lowest point, an elevation of
0*061 ins. occurred, which continued for half-an-hour, the barometer
resuming its former position at 3.10 A.M., from which it scarcely
varied until 3 P.M.
The pressure then slightly increased, and at 4.50 P.M., the barometric curve shows a sudden upward movement of 0*04 ins. ; this
was succeeded by a rapid rise, which ceased at 5 A.M. on the 3rd.
The mean readings for the above days were as follows: on the 1st,
29*539 ins., the 2nd, 29-241 ins., and the 3rd, 30*096 ins. The reading for the 4th was still higher, 30*177 ins. A diminution of
pressure on the morning of the 5th, reduced the mean to
29*878 ins., but the next day it increased to 30*232 ins.
During the 8th and 9th, the barometer went down steadily, the
mean on the latter day being 29*478 ins.
A continuous upward movement set in on the 10th, and lasting
to the 15th, brought the means to 29*837 ins. Between 7 P.M. on
the 16th, and 4 A.M. the next morning, the barometer descended ; a
contrary motion set in at 9 A.M., and did not cease until 7 A.M. of
the 18th.
There was a quick fall on the 19th, from 6 A.M. to 4 P.M., the
daily mean being 29*462 ins. The barometer was in a state of
oscillation between 2 and 6.30 P.M. on the 20th, but no decided
movement took place in either an upward or downward direction.
After this period increasing readings were maintained until the
23rd, which had the highest mean for the month, 30*267 ins. The
pressure diminished very gradually to 29*468 ins. on the 28th, the
regularity of the fall being interrupted by two small elevations,
which were recorded, the first at midnight of the 6th, and the
second at 6.50 P.M of the 27th.
An upward movement, accompanied with a little oscillation, took
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place on the 29th ; the remaining two days were very steady. The
mean height for the month was 29*780 ins.
TEMPERATURE OP THE AIR.—The range of temperature in March
was not very large, and the end of the month was colder than the
commencement.
The mean, on the 1st, was 42*6°, and the record for that day
shows a rapid rise of the thermometer from 9.15 to 11.45 P.M.
On the 2nd, we have similarly registered, a sudden fall of 7*4° at
2.40 A.M., and again of 2*8° at 4 P.M. On the 3rd, the temperature
had fallen to 36*0°, and during that night there was great fluctuation. The 5th was the warmest day in the month, the mean being
44*5°; on the 7th, it had again descended to 35*9°. There was
little variation afterwards in the means until the 17th.
The curve for the 12th indicates, at 4.30 P.M., a rise of 1°, immediately succeeded by a fall of 5° in the^ dry bulb thermometer, the
wet bulb remaining unmoved.
The 14th and 15th, thermometric traces were unusually free from
fluctuation. On the 19th, the mean rose to 43*7°; durin g the
evening of that day the temperature was constant from 8 to
10.50 P.M., then fell rapidly until 11.30 P.M., afterwards remaining
stationary until 2 A.M.
On the 20th, a fall of 4° was registered at 2.30 P.M. The thermometer was quite free from variation from 7 P.M. on the 21st to
6 A.M. the next day. The mean for the 24th was 38*6°; on the
25th and 26th, 42*1°. At midnight, a sudden fall of 5° was recorded,
and the temperature afterwards diminished. On the 27th, the thermometer fluctuated considerably between 3 and 5 P.M. The means
gradually rose until the 31st, which was 40*5°. On the 30th, the
readings did not vary one degreo between 8 P.M. and 6 A.M. of the
next day.
The highest maximum temperatures registered were 53*4° on the
5th, 49*3° on the 18th, and 49*8° on the 19th.
The lowest were 38*4° on the 10th, and 38*7° on the 14th.
The lowest minima read were 28*8° on the 7th, 28*9° on the 4th,
and 29*0° on the 8th. The thermometer also fell below the freezing
point on the 3rd, 9th, 11th to l4th, 24th, and 27. The highest
minimum temperatures were 39*8° on the 6th, 39*5° on the 1st
and 22nd.
The greatest extent of daily range was 17*7° on the 5th, and
the least 4*0° on the 10th; the mean being 10*6°. The mean
temperature for March was 38*4°.
RELATIVE HUMIDITY.—There were no very damp days in March,

«
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EXPANSION OF PALLADIUM BY HYDR0GENIUM.

the greatest amount of moisture in the air being 0*95° on the 19th,
and 0*93° on the 8th ; the proportion was at its lowest, 0*66°, on the
3rd, 15th, and 27th. The mean for the month being 0*79.
RAINFALL.—Rain was collected as follows :—

at 4.40 A.M., on the 9th. The velocity did not exceed 10 miles per
hour during the above period of revolution. On the 16th the
direction changed, at 9.45 P.M., from N.W. to S.; at 11.20 P.M.
another change, from S. to S.E., was recorded, the rate simultaneously increasing from 10 to 20 miles.
During the 18th a gradual veering from E., through S., to W.
occurred. Through the 19th the direction was S., but at 10.45 P.M.
it suddenly shifted through W. to N., and the velocity mounted
from 5 to 40 miles ; this rate diminished to 30 miles at 2 A.M., the
20th; afterwards 25 to 30 miles was maintained uniformly until
the 22nd. On the 28th the wind veered from W., through N., to E.,
returning to N. at midnight.

DAY.

AMOUNT.

DAY.

AMOUNT.

DAY.

Ail OU NT.

1

0100 inch.

!

14.

0 032* inch.

22

0-100 inch.

2

0180

„

>

17

0 030

„

28

0-023

„

3

0050

„

18

0010

„

29

0-014

„

19

0-094

„

30

0-040* „

31

0010

8

0014

„

10

0 020

.,

20

0 200

„

12

0055

„

21

0-187

„

1

„

THE EXPANSION OF PALLADIUM BY HYDROGENIUM.
The quantities marked * were melted snow and rain. The total
fall in March was 1*159 inches.
WIND.—The general direction of the wind was :—
North—3rd, 4th, 11th, 12th, 20th, 21st, 26th, 27th, and 31st.
North-East—6th, 10th, 13th, 14th, 15th, 22nd, 23rd, 24th,
25th, 28th, 29th, and 30th.
East—9th.
South-East—7th.
South—19th.
South-West—18th.
North-West—1st, 2nd, 5th, and 8th.
The principal variations indicated by the anemograph, in March,
were as follows :—
On the 1st, at 5.50 P.M., the direction shifted from N. to S.W. ;
afterwards gradually to N.W., with a simultaneous increase in the
velocity from 10 to 25 miles per hour.
It was almost calm from 8 P.M. of the 3rd to 1.30 A.M. of the
4th. Between 11 A.M. and 3.30 P.M., the same day, the direction
veered from W. to N., a retrograde movement from N. to W.
occurring at 2.25 the next morning.
The rate was from 25 to 30 miles per hour during the night of
the 5th. A change from N.E. to S.E. was registered at . 9 A.M. of
the 7th, and the following morning the wind gradually veered from
S.E. to S.W., between 3 and 8 A.M. ; later in the day, between noon
and 3 P.M., a still farther movement from S.W. to N.W. took place
and the circuit was completed by the change from N.W. to N.E.,

BY W. CHANDLER ROBERTS, P.G.S., P.C.S.
THE absorption of gases by metals generally,* and the relation between hydrogen and palladium specially, has lately been detailed in
THE STUDENT,*j" it is therefore merely necessary to premise, that all
colloid metals (that is, those metals that possess the crystalline
character in the lesser degree) have the power of occluding gases,
each metal exerting a selective power for one or more gas.
Of all metals, palladium possesses this power in the very highest
degree, absorbing 900 times its volume of hydrogen. This occlusion is effected either by heating, and slowly cooling the metal in an
atmosphere of the gas, or by evolving electrolytic hydrogen on its
surface. Which ever method be employed the palladium increases
in volume, the expansion appearing to be directly proportional to
the volume of gas occluded.
From considerations already given, Mr. Graham considers
the relation between the palladium and hydrogen to be that of an
alloy of the following composition :—

By volume.

Palladium
Hydrogenium

...
.
.
.

100
or 95*32
4*908 or 4 68

104*908
100
The density of hydrogen being 1*908.
Thus the original length of a palladium wire being 609*144
metres after charging with 936 times its volume of hydrogen, the
* " Intellectual Observer," No. lxvL, July,
t THE STUDENT, NO. xir.

1867.

312

EXPANSION OF PALLADIUM BY HTDRGOENIUM.

wire showed an increase of 9"779 mms,
expansion of 4'908 per cent.

ARCHÆOLOGIA.
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03S5 inch) or a cubical

The expulsion of hydrogen from the metal may be effected by
heating the wire in vacuo, in air, or by evolving electrolytic oxygen

ARCHÆOLOGIA.
IT

was our duty last month to call attention to an act of vandalism

on its surface, the loss of hydrogen being attended by an extraordinary contraction of the wire, which actually falls as much below

which was going on in France, in the destruction of the Roman

the original length, as it had previously risen above it.

the same kind in England, though the monument threatened with

The following experiment depending on the unequal expansion of
two metallic elements of a compound ribbon, well exhibits this
singular action of hydrogen upon palladium.

suspension bridge of Clifton, in Gloucestershire, there is an enclo-

A consists of two strips, one of palladium, the other of platinum,

walls of the town of Dax—we have this month to point to an act of
demolition is not quite of equal importance.
sure surrounded by

ANCIENT ENTRENCHMENTS,

At the foot of the
known by the good

Anglo-Saxon name of the Bur Walls, or Bower Walls.

It was

each 300mm. long, 3mm. wide, and O-Smm. thick, these are soldered

perhaps raised there by the Romans, as Roman antiquities are

together and coiled into a circle, the palladium being inside.
coil is

stated to have been found within its area, and, moreover, there are
reasons for believing that the Britons did not make entrenchments,.

placed in a glass
vessel filled with

the Romans, but that their defence consisted only of an embank-

acidulated water,

ment, or wall raised upon the ground.

near

bankment is formed of limestone, and the Leigh Woods Building

This

it

ranged

ar-

the bank combined with the foss, before they learnt them from
In this instance, the em-

a plate

Company are, it is said, destroying this interesting monument

or wire of plati-

simply for the sake of the materials, or, in other words, making a

num,

By

limestone quarry of it.

the

Walls will very soon have ceased to exist.

B.

means
1

is

i.e.y

of

Unless they are prevented, these Bower
This is no doubt a

commutator, C,

lamentable state of things, and we fear it is not the only case in

the ribbon and the wire may be alternately connected with either
pole of a battery, two pint cells, Grove or Bunsen, answer best.

which in our own country the existence of ancient monuments is
threatened.

In the first instance, the coil must be connected with the zinc
pole of the battery, hydrogen then being thrown on the surface of

from different circumstances, is attracting considerable attention at

The

PRESERVATION OP ANCIENT REMAINS

is indeed a subject which,

the palladium, which absorbs the gas, and by expanding opens the

the present time.

spring ; this movement may be rendered still more visible by

Ethnological Society, where, we understand, it was proposed to form

attaching to A a light index of straw or glass terminated by a tip-

a deputation, and try to obtain an interview with the Premier, in

of coloured paper.

the hope of obtaining the interference of the Government in some form
or other for the protection of our early monuments. This plan we

On reversing the direction of the current,

oxygen will be thrown on the surface of the metal, and by consuming

It was first taken up within the ranks of the

the previously occluded hydrogen, causes the index to move rapidly;

suppose has not been persevered in, but we hear that the society

back to zero.

now contemplates the formation of an archæological section, the

A still more striking modification of the experiment

consists in providing two strips of palladium foil, varnished on one

duties of which will be to watch over the protection of our prehis-

side, each about 4 inches or 100mm. by 10mm., and coiling them

toric antiquities, and to collect information from all quarters as to-

into a loose spiral, placing them as in the former case in acidulated

their present condition.

water, and connecting them with the battery, it is evident that when

tioned for this section are Sir John Lubbock, Professor Huxley, Col-

Among the names which have been men-

one is expanding the other is contracting, but the various convolu-

Lane Fox,

tions performed are very singular, and of extreme interest.*

Clarke, and Canon Greenwell.

* Mr. Browning, of the Minories, has arranged the above apparatus in a compact
form,

body, if properly conducted, would be capable of doing much

Mr.

Franks, Dr. Thurnam, Mr. John Evans, Mr. Hyde
There can be no doubt that such a

good, and we understand that offers have already been made from
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several parts of the kingdom of complete and careful surveys of
existing remains. While the Ethnological Society is displajúng this
activity, it is whispered that the Society of Antiquaries has some
project in contemplation of making an appeal to the Government in
favour of our early monuments ; and we have also heard that the
subject is likely to be brought before the House of Commons during
the present session.
In January another ROMAN LEADEN COFFIN was found in Kent, on
the property of Mr. Smeed, the great brickmaker, NEAR SITTINGBOURNE.
It was six feet in length, and braced round with thin iron
bars. It was ornamented with crosses on the lid and sides ; and
everybody hoped it had been secured for the museum now being
formed at Sittingbourne by Mr. George Payne, jun. But we are
told that, the value of the lead, it seems, having been a consideration, this coffin has just been melted down for the metal ! Mr.
Alfred Jordan presented the similar coffin found at Milton to the
Charles Museum at Maidstone.
A discovery of MEDIÆVAL COINS IN OXFORD, about a fortnight
ago, illustrates both the old practice of laying by money in earthenware vessels buried in the ground—"crocks of gold," was the
expression which became almost proverbial—and the loss which
archæological science experiences from the little attention paid too
often to antiquarian discoveries.
Some workmen were occupied
in digging the foundation of a house on the Cowley Road, when
they came upon an earthenware vessel filled with silver coins.
Instead of keeping the coins together until they had been examined
by some one capable of appreciating their interest and value, the
ignorant workmen allowed them to be taken away by anybody who
happened to be near the spot, and we suppose offered them a few
pence, and the consequence was that they were immediately dispersed, and any historical value they might have is entirely lost.
The only information of this kind which seems to have been preserved is, that some of them are stated to have belonged to the
reign of Edward I.
The BRITISH ARCHÆOLOGICAL ASSOCIATION has selected for the
place of its annual congress this autumn the town of St. Alban's.
The name of the president has not yet transpired. It would be
difficult to point to a locality of greater historical and antiquarian
interest, for it is rich in remains of the Roman, Anglo-Saxon, and
Anglo-Norman periods, and every one knows the part it played in
the great political struggles of the fourteenth and fifteenth centuries. It cannot but be one of the most important of these meet-
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ings, and its proximity to London will no doubt insure a large
attendance.
The KENT ARCHÆOLOGICAL SOCIETY, one of the oldest and best
conducted of our local antiquarian bodies, has just issued the seventh
volume of its " Archæologia Cantiana." The papers contained in
it are of very high merit. Two-thirds of the volume are occupied
with an elaborate and extremely valuable and interesting " Architectural History of the Conventual Buildings of the Monastery of
Christ Church in Canterbury," by Professor Willis of Cambridge.
Those who, now many years ago, took a part in the foundation of
the British Archæological Association, and were soon afterwards
present at its first congress at Canterbury, will remember with pleasure the interest with which every one listened to Professor Willis's
lecture upon the history of the ancient buildings of the cathedral
and convent, delivered to us on that occasion. Since that time a
quarter of a century has already passed, during much of which the
professor has been working up his subject, until now it appears in a
perfect form, in which it can hardly be over-estimated. The volume
is further enriched by the concluding portion of the richly illustrated
report of the exploration of the extensive Anglo-Saxon cemetery at
Sarr, between Canterbury and Sandwich, which was conducted
at the expense of the Kent Society, by John Brent, jun., F.S.A., of
Canterbury, to whom we owe this report. It is a valuable contribution to the materials for the early history of the Anglo-Saxon race.
At the period to which we have just alluded, John Brent was little
more than a boy, and it is no doubt to the ideas inspired by the
meeting of the Archæological Association at Canterbury, that we
owe his development into a good and meritorious antiquary.
T. W.

PROGRESS OF INVENTION.
LAMP.—Mr. James Allisau Hogg, Jun., of Edinburgh, thus describes
his invention : two tubes are employed, on the Bunsen principle, one of
which is of smaller diameter than the other, the smaller is placed within
the larger tube. One tube is placed in communication with condensed
gas or air, or both, compressed by a pump ; the other tube is in communication with ordinary arrangements for the supply of atmospheric air or
gas. The gas, or air, or both, may be supplied at any determined pressure ;
the mixture of gas and air is passed through a perforated plate of platinum.
The mixture of gas and air is thus obtained : the tube conducting one
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of those agents is carried through the smaller tube, and discharged
through the opening of it into the larger tube, into which the other
agent is admitted. The tubes thus act as a sort of blow-pipe ; the
gaseous mixture passes through the larger tube to a piece or surface of
pure platinum. Pierced plate, gauze, or woven platinum wire, or other
suitable metal may be substituted for platinum. The minute jets pass
through the interstices of the metal work, and are ignited. The metal
soon becomes incandescent, the supply of air being duly regulated, combustion is made perfect ; flame disappears, and the platinum, or other
metal, becomes a disc of intense light.
MANUFACTURE OF SULPHATE OF MAGNESIA, by Franklin Winser of
Manchester.—Carbonate of magnesia, or dolomite, or the oxide of magnesia, either in lump or ground, is placed iu the gas purifiers, instead of
carbonate of lime or other articles now used for the purpose of purifying
and freeing ordinary gas from sulphur and its other impurities ; or magnesia or dolomite, either carbonate or oxide, ground or in lumps, is placed
in chambers or any convenient receptacle, and into these chambers
sulphurous acid gas is introduced, this gas being formed by burning
any sulphides or bisulphides of earths or metals, by which means sulphides of magnesia are formed, which sulphides are converted into
sulphates by means of furnaces or other known methods.
. UTILIZING FUEL.—Mr. Frederick Hahn Danchell, introduces coal, peat,
coke, wood, charcoal, or other combustible matter into furnaces in the
state of fine dust or powder instead of in lumps. These powdered
materials are supplied to the furnace by means of a blast of either air or
steam, or of both combined, which is produced by a fan or bellows, or
any blowing engine, or by a steam jet direct from a steam boiler. The air
and steam employed in connection with this carbon dust or powder, is
heated, or superheated by one of the means generally employed for the
purpose.

LITERARY NOTICES.
FACTS AND ARGUMENTS FOR DARWIN BY FRITZ MULLER.
Translated
from the German by W. S. DALLAS, F.L.S., Assistant Secretary to the
Geological Society of London. With Illustrations. (John Murray.)—
Mr. Dallas has had a difficult job in translating this important work, which
will form a valuable addition to our scientific libraries. Dr. Fritz Muller
was prompted by reading Darwin's work on the " Origin of Species," to
test its theories by carefully studying the results of their application to a
particular group of animals. He selected the Crustacea of which he could
easily obtain living specimens at Desterro, the scene of his labours. Many
talkers and writers on the Darwinian philosophy seem to fancy that little
knowledge is necessary to enable them to dogmatize on the subject, and
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in this they are quite right ; but as Fritz Muller wished to arrive at something better than dogmatism, he adopted the slow method of cautious and
prolonged study. He tells us that he speedily saw that it would require
years of work before the essential problem could be seriously handled, and
that, above all things, a thorough knowledge of development was necessary. The lower Crustacea offer great advantage for the line of investigation he pursued, and it is no small proof of the accuracy of Darwin's
views that his researches tend to their confirmation. In several passages,
Dr. Fritz Muller speaks very contemptuously of orthodox views, and if an
occasional expression is offensive to those who habitually contemplate
nature from the stand-point of natural theology, we would urge upon
them the necessity for caution and accuracy in the statement of their
case. As we have said in another place, we are convinced that natural
theology will not suffer from the establishment of doctrines of development, but the natural theologian of the future must be prepared to take
into consideration all established facts, and not place himself in hostility
to science by rejecting truths he did not expect, and may not see how to
reconcile with the general requirements of his system. We protest most
strongly against the dissociation of science and religion, but the desired
reconciliation can only exist in the minds of those who can discard prejudice, and accept all that is proved, however much it may differ from preconceived ideas.
Dr. Fritz Muller's work is indispensable to students of the Crustacea,
whether Darwinians or anti-development theorists. His book is written
for professed naturalists, and there is little which the general reader would
understand. So far as the former class is concerned, it is not necessary
that we should do more than notify its appearance in an English dress,
and state that it contains important observations on the development of
many species of Crustacea ; but we must endeavour to make some portions
of the argument intelligible to the latter. Dr. Fritz Muller tells us that,
among the male Crustacea, it is not uncommon to find a more abundant
development than in the females of delicate filaments on the antennæ, to
which, in conformity with Leydig, he ascribes olfactory functions.
In Tanais, two kinds of males are discovered. " Up to the last change
of skin preceding sexual maturity, the young males resemble the females,
but then they undergo an important metamorphosis. Amongst other
things, they lose the moveablc appendages of the mouth, even those which
serve for the maintenance of the respiratory current ; their intestine is
■always found empty, and they appear to live only for love. But what is
most remarkable is that they never appear under two different forms.
Some acquire powerful, long-fingered chelœ (claws), and instead of the
single olfactory filament of the female, have from twelve to seventeen of
these organs, which stand two or three together on each joint of the
flagellum. The others retain the short, thick form of the chelœ of the
females, but, on the other hand, their antennæ are equipped with a far
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greater number of olfactory filaments, which stand in groups of from five
to seven together."
The Tanais lives among densely-woven confervæ, and by putting this
weed in a large glass of sea water, Fritz Muller could observe thousands
of the little creatures who soon covered its walls. He found the females
all alike, and the males of the two kinds without any intermediate forms.
In the pursuit of the females, those males who were good smellers, and
those who were good claspers, might both be fortunate, and he accounts
for the non-appearance of any intermediate forms by supposing that they
may have died out. If, at any time, there were good smellers, and good
claspers, and likewise different grades of smellers and claspers of inferior
powers, it would be reasonable to expect that the weaker ones would have
the worst of the contest for wives, and the two successful forms
would remain as possessing divers but equivalent advantages. Another
elaborate argument of Fritz Muller is founded upon the diversity of
arrangements by which land-crabs are fitted for aerial respiration. In
the nearly-allied families of Ocypodidæ and Grapsoidæ, the general
structure follows the same plan, but the respiratory arrangements differ.
The former live in sand, and have their respiratory aperture l: placed at the
lowest part, directed downwards, and concealed between broad surfaces,
fringed with prolific brushes of hair," while in Grapsus (which climbs trees),
" the water is allowed to reach the branchiæ only from the front. I saw
it in Ocypoda, says F. Muller, "flow in also through the orifice, just
described," between the four fourth pair of feet. The explanation of
special adaptation to different modes of life is not sufficient, though true
as far as it goes, as it is found that the Gelosimus of the mangrove
swamps, which share the same conditions of life with various Grapsoidæ,
and yet does not agree with them, but with the armiculous Ocypoda.
The scientific naturalist will be much interested by Dr. F. Miiller's
observations on the development of the Podopthalama, Ethiopthalama,
Entomostraca, etc., which abound in curious facts.
THE HOUSE I LIVE IN

:

OR,

POPULAR ILLUSTRATIONS
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STRUCTURE

For the use of Families and Schools.
Edited by THOMAS C. GIRTON, Surgeon. New Edition. (Longmans.)—
This is the eleventh edition of a popular treatise on human anatomy and
physiology—a fact which shows that its peculiar mode of presenting the
subject has found favour with the young, to whom it is specially addressed,
and who will find it easy to understand.
AND

FUNCTIONS

WOODNUTS

OP THE

PROM

A

HUMAN BODY.

FAIRY HAZEL-BUSH,

CRACKED

FOR

LlTTLE

PEOPLE,

by JEAN D'ENSIGNÈ. (Groombridge and Sons.)—An elegant gift book,
with handsome red binding, gilt edges, and remarkably good woodcuts. It contains fifteen pretty stories about owls, partridges, rabbits,
squirrels, kingfishers, etc., which the young folks will be delighted
with, and their elders will be sure to read—of course only to see, and
find out, that they are good for the juveniles. The teller of the tales
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learns from the fairies the language of the birds, and thus becomes
acquainted with many matters hidden from common folk. It is an
excellent specimen of this sort of fable, and well merited the graceful
dress in which it claims the favour of the public.
RELIQUIÆ AQUITANICÆ
PALÆONTOLOGY
FRANCE.

By

OP

;

BEING CONTRIBUTIONS

PERIGORD

AND

THE

TO THE

ARCHÆOLOGY

ADJOINING PROVINCES

OF

AND

SOUTHERN

and HENRY CHRISTY. Edited by THOMAS
Professor of Geology, etc., Royal Military College, Sandhurst. Part VIII.—The present part of this splendid work contains the
usual complement of plates of bone and stone implements. The most
interesting portion of the letterpress contains remarks by Paul Broca on
the human skulls and bones found in the cave of Cro-magnon, and
affording proof of the contemporaneity of man and the mammoth. M.
Broca remarks that the remains of the men of the Quaternary period,
hitherto studied, " belonged for the most part to individuals of short
stature, with a rather small cranium, and a more or less prognathous
(snouty) face." The Cro-magnon men did not conform to this description, but show M. Broca to have been right in his opinion that Europe
was inhabited by more than one race during the Quaternary epoch. The
remains of the three individuals in the Cro-magnon cave belonged to
persons of lofty stature, strong bones, and large dolichocephalic skulls,
and differed widely from the stunted races. There is no reason whatever
for limiting the antiquity of man to the Quaternary epoch, and if
various races existed at that period, the earliest appearance of the human
family may be long anterior to it. No discovery as yet brings us within
sight of primæval man. Already " the chipped-stone and paleolithic
period " is divided into " distinct epochs, characterized by the palæontological aspect of the fauna, and by the progress of art and industry,
and, lastly, by the introduction of new habits and customs." Different
races may have passed through these periods at widely different dates,
and geologists have very much to do before the early history of man
can be sketched. At present, each discovery, instead of being conclusive,
sends us back in the direction of a higher antiquity than has yet been
proved.
EDOUARD LARTET

RUPERT JONES,

NOTES

AND

MEMORANDA.

—Mr. Proctor states that when the circumstances

THE TRANSIT OF VENUS IN 1874.

of this transit are calculated with reference to internal contacts (the only phase ever
observed in connection with the determination of the sun's distance), the places on the
earth's surface, where ingress and egress are most accelerated and retarded, fall severally
314*0, 920*2, 764*5, and 208-7 miles from the corresponding places as determined by theAstronomer Royal. The difference is partly due to the choice of internal contacts
instead of the passages of Venus's centre ; and partly to the circumstance that the Astronomer Koyal has taken the position-angles as calculated by Mr. Hind for external
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contacts. When it is remembered that an error of one degree in the position-angle
corresponds to an error of one degree of a great circle on the earth—that is to about
sixty-nine miles—the largeness of the discrepancies will be accounted for.
OVIPAROUS VERTEBRATE BLOOD COKP0SCLES.—Mr. W. Savory has a paper in " Proc.
Boy. Soc," No. 110, in which he states that if the blood of a frog or newt is rapidly
transferred from the living creatures to the microscope, no nuclei are seen in the corpuscles. Having his instrument ready, an assistant holds the animal, a superficial vessel
is quickly cut, touched with a piece of covering glass, and the latter placed on a slide and
viewed without delay.
SOURCE OF ELECTRICITY IN THE TORPEDO.—" Cosmos " has a short article on this
subject by M. Durcau. He shows that arresting the circulation of the blood by injecting
lard (suif) into the arteries does not stop the electric action, and it is found that severing
the nerves leading to the electric organ does not prevent further discharges being made.
Thus the electricity does not resemble a current dispatched from the nerve centres. M.
Matteucci considers that the nerve force promotes or determines the secretion of liquids
having different chemical properties in the cells of the electric organ. M. Dureau
thinks the electric current in the fish resembles an induced current in a coil machine.
VIPERS IN LA HAUTE MARNE.—"Cosmos," speaking of viper-catching, says that
it may be effected by pressing a stick upon the reptile's back, and holding a widemouthed bottle to his head, allowing him to wriggle into it, and corking him up. This
is said to be the method in Haute Marne where vipers appear to swarm. Formerly
fifty centimes was paid for each viper caught, and from 8,000 to 10,000 francs were disbursed in a single year. The price was reduced to thirty centimes, and is now twenty, at
which rate one garde forestier earned 5C2 francs in one year.
NFW OPTICAL TOY : THE CINESCOPE.—M. Angier mounts two small photographs on
Stanhope lenses in such a manner that, by a spring motion, they are made to revolve
past a sight hole. He depicts the commencing attitude of some movement in one, and
its conclusion in the other. The mind fancies the intermediate steps, and the eye appears
to see the whole series.
BOILING POINT OF AIRLESS WATER.—It is well-known that water, deprived of the
air it commonly holds in solution, boils at a higher temperature and with explosive
violence. M. Krebs has described in " Pogg. Annal." some fresh experiments. He
mixes three parts of distilled water with one of absolute alcohol. When this mixture has
been boiled in a glass vessel till its bulk is greatly reduced, its ebullition point is raised
to 107° or 109' O, if the precaution is taken to wash the vessel with sulphuric acid, and
afterwards with distilled water. Water in this state cannot be made to boil at G0° C.
under any air pump diminution of pressure, though common water boils when the pressure is reduced to five inches of mercury. If the mixture of water and alcohol, after
having been boiled in an open vessel till its bulk is much reduced, is kept in a water
hammer, and plunged in hot oil, and the point of the hammer broken when the heat is
about 1093 C, the temperature may be further raised to 160' C, and more, without
ebullition ensuing, and when it comes there is an explosion. If the water hammer
remains closed explosions seldom occur, but air bubbles appear, followed by a few others,
and at last they form in regular succession at from 150* to 170", or even 200° C. If the
point of the hammer is then broken, as soon as regular bubbles appear, the temperature
may be raised to 170°, or even 200' C, without ebullition, but the water rapidly evaporates to the last drop.
FOOD FOR SILKWORMS.—M. Brouzet states, in " Comptes Eendus," that
silkworm, in the absence of mulberry leaves, will thrive on leaves of the
carrot, lettuce, borage, and radish, but they show a special liking for the
ealsafy. Ho thinks the use of the last kind of food might help to regenerate
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THE ANNELIDAN WORMS, OR ANNELIDES (ANNELIDA).
BY W.

BAIRD, M.D., F.R.S., E.L.S., ETC.

( With a Coloured Plate.)

SECOND OEDEE.—TCBICOLA ; TUBICOLOUS, OE SEDENTAEY WORMS.

to the arrangement of M. M. Audouin and Milne
Edwards, Grube, Johnston, etc., the family of Annelides, called
Ariciidæ, with the history of which we will commence this order,
form part of the Errantia, or wandering worms, or, according to
the nomenclature of Ehlers, the order Nereideans.
Claparède,
however, and some other of the more recent authors, remove them
from the wandering tribe to that of the Tubicolous, or sedentary
worms. As formerly arranged, this family contained a very heterogeneous collection of genera, but, as now proposed, some of these
are removed, and others are placed in distinct families by themselves.
We will deviate from the arrangement of Audouin and Edwards,
which we have hitherto followed, and take M. Claparcdc as our
guide, in part, for this second order of Anuelides. In fact, the
greater number of worms contained in the old family, Ariciidæ, are
miners in wet sand or mud, or dwellers in slightly cemented sandformed tubes, and have been found by recent observers to possess
in their feet, or organs of motion, hooked setæ (spinets, or uncini),
in addition to the ordinary setæ, as in the more decided tubicolous
worms, such as the Terebellæ, etc.
Family CIRRATULIDÆ.—The genus, Cirratulus, formed part of the
old family, Ariciidæ, though it has now been raised to the rank of a
type of a separate family. This genus is characterized by its subcylindrical vermiform body being composed of numerous narrow
segments, by its conical head being small, and generally deprived
of tentacles. The feet are small, and form a double series alono*
each side. The branchiæ are very peculiar, resemble cirri in their
general appearance, and show themselves as long, filiform, tortuous
filaments, springing from the back or margins of the segments.
The form of the body of these worms is very like that of the earthworms (Lumbrici), to which they were referred by the earlier
writers, such as Muller, etc. One of the most common species of
Cirratulus on our shores is the northern Çirratule (Cirratulus
borealis), found on several parts of our southern coasts, such as
Devonshire and Cornwall. It varies from three to six inches in
VOL. HI.—NO. v.
y
ACCORDING
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length, and individuals even nine inches long are occasionally found.
The body is rather less than a goose-quill in calibre, of a brown or
yellowish colour. The head is very small, the segments of the
body very numerous, and the branchial filaments are found in
greater abundance near the head than on the body.
"The
Oirratulus borealis lurks under stones, in a somewhat muddy soil, in
which it forms burrows similar to those of the earth-worm, and into
which it retires slowly when disturbed. The filaments by which it
is so remarkably distinguished, and which curl around it like so
many parasitical worms, are the branchiæ, or organs, through the
medium of which the blood is exposed to the influence of the air,
and fitted for the purpose of life/' So says Dr. Johnston ; and, in
further describing these organs, he tells us that each consists of a
large central vessel, carrying red blood, surrounded by a white
gelatinous, transparent membrane, and that they are consequently
of a fine red colour. The setæ of the feet are of two kinds. The
upper, or superior bundle, is composed of about six — three
long and slender, and three shorter, but comparatively stout,
and all simple, unjointed, and acute. The inferior bundle has only
three in the upper segments, diminishing to one only in the caudal
extremity, and all stout, and curved, as Dr. Johnston says, like the
italic letters The figure in Plate IV., Fig. 1, is that of another, but
allied species, Oirratulus tentaculatus, a more beautiful species than
the one just mentioned, and possessed of more numerous branchial
filaments throughout the length of its body. It is four inches long,
rather narrowed in the middle of the body, and consisting of nearly
230 segments. The colours of this species are more brilliant than
those of Cirratulus borealis. Another kind of worm, very nearly
resembling the Cirratulus, and found common on our coasts, living
in tortuous, cylindrical holes, made by the animal itself in the substance of some of our hardest shells, is the shell-boring Cirratule,
Dodecaceria concliarum. This worm is only about an inch long, and
scarcety a line in diameter ; has no distinct head, but only a cylindrical obtuse sort of snout. The segments of the body are distinct,
but the branchial filaments are few in number compared with the
Cirratulus. The setæ, or bristles, with which the sides of the body
are furnished consist of two series on each side, springing from each
segment, one dorsal, the other ventral. In each fascicle the setæ
are of two kinds—one long, slender, setaceous, the other hooked,
or uncinate. In the dorsal fascicle the setaceous bristles are most
numerous, and considerably elongated, intermingled with two or
three hooked ones ; in the ventral fascicle these hooked bristles are
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stouter, not numerous, but the setaceous are comparatively few,
short and weak.
Its habits are interesting. It lives in a hole or furrow, drilled
out of the substance of some of our hardest and most compact
shells. The tunnel, so to call it, fits the size of the body of the
animal, and the little creature seems ill at ease and very unquiet
when withdrawn from its case. When at rest under water, it protrudes the tentacles and filaments from the circular aperture of the
furrow, which is on a level with the surface. The filaments are laid
along the shell, and are kept quiet, or moved about, like independent worms. When placed in spirits, the worm imparts to the
fluid a fine green sap-colour.
Family SPIONIDÆ.—-In this family, for convenience sake, I will
arrange the genera, Nerine and Leucodore of Johnston, the Sjpio of
Turton and Montagu, and the Ghœtopterus of Cuvier.
The genus, Nerine, was formed by Dr. Johnston, and so called
from the patronymic of the daughters of old Nereus. They are
elongated vermiform worms, with a small distinct head, two large,
long, and tapered antennæ, springing from the occiput, and an
uninterrupted series of stout, tapered, ciliated, branchial filaments
along each side, reflected on the back, with a lobe at their base.
They have well developed feet of two branches, each branch
consisting of a compressed lobe, and a short pedicle, armed with
simple bristles, and a few hooked ones, or uncini, on the posterior
feet. The branchiæ are of a fine red colour, owing to the presence
of two large blood-vessels, but become gradually less as they
descend on the body, and ultimately become obsolete on the caudal
segments. When the animal is in the water, these branchiæ are
raised and extended, and are in constant movement ; but when the
worm is out of the water, they are laid across the back, their points
meeting in the middle, giving the body the appearance of being
marked with transverse folds, or elevated striæ.
The Nerines, Dr. Johnston informs us, inhabit the sea-shore, and
the margins of rivers, a little below high-water mark. They prefer
a soil composed of sand or mud, and in which the latter rather preponderates.
They are usually found lurking under stones, or
burrowing in the soil ; and in the latter situations, the surface, to a
great extent, is seen full of small, round perforations, and covered
with little heaps of its tubular and spiral excrements. When disturbed, they descend in their furrows with great rapidity, and to a
considerable depth. When taken, they throw themselves into violent
contortions, during which the body generally separates into several
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portions, or loses its antennæ, which always separate at their very
base. These animals are named " rag-worms " by the " Berwickshire fishermen, and are used in their neighbourhood as bait to take
the fry of the coal-fish." Two or three species are found on our
coasts, ranging from three to eight inches in length.
The genus, Spio, is said by Sara, echoed by Claparcde, to
resemble in character so closely the Nerine, that it is very difficult to
distinguish them. It is almost unnecessary, therefore, to say much
more about them, than that it is from the species of this genus that
naturalists have been enabled to place in the system the various
members of the old family, Ariciidæ, as mentioned above.
The
uncini, or hooked bristles, are distinct in the species of this genus,
of which three or four are found on our coasts.
The tubes, or
cases, in which these animals reside are extremely tender, according
to Montagu, and composed of minute adventitious matter, slightly
agglutinated together.
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The genus, Loucodore, is distinct from these, though Claparcde
thinks it is the same as had been previously described by Bosc under
the name of Polydora. Be this as it may, the genus, as defined by
Johnston, is characterized by its body consisting of two distinct
portions, the upper of which has a conical head, provided with two
long antennæ, rising from the occiput. These are flattened, and
have a channel, or gutter, running down through the centre. The
segments of which the body is composed are numerous and distinct,
and generally four of tho uppermost are furnished with papillary
feet, provided with cirri on each side, and a brush of retractile
bristles. The fifth segment is deprived of feet, but is usually
furnished with a series of hooked setæ, or uncini, curved in form
of an italic and not capable, apparently, of being protruded like
the others. After this, the succeeding segments are provided with
branchial cirri, each usually reflected on the back, to meet its opposite fellow. They are clothed on their lower aspect with long
moveable cilia. The setæ are of two kinds, slightly curved, simple,
unjointed bristles, and uncini.' The last segment is formed into a
circular cup, or sucker, in the centre of which is situated the anus,
a small round aperture.

upon its side, and the powerful efforts mado to change its position,
and with little or no success, show too plainly that it is not organized
to creep about like the 'annelides errantes/ but, on the contrary,
that its proper habitat must be a furrow similar to those of the
tubicolous worms, to which in structure it evidently approximates in
several particulars." Two or three species are found in the Mediterranean, one of which bores into the shells of the barnacles
(balani). These boring worms have been made the subject of considerable discussion lately; some naturalists maintaining that the
holes or perforations made by them are produced by means of a
free acid secreted by the animal ; others, again, asserting, and
perhaps with more truth, that the worms drill the holes by
mechanical means. The same controversy was carried on some years
ago, in the case of the boring mollusca, and the preponderance of
opinion is now in favour of the mechanical mode of perforating the
various substances in which they are found.
Another very curious and interesting worm belonging to the
spionideous tribe of Annelides, and of which I very lately described
a species found on our own coasts, is the winged bristle-bearing
Annelide, the Ghœtopterus. This genus is distinguished, like the
preceding, by the animals having their body formed, as it were, of
two dissimilar portions. The species of Leucodore, however, are
very small, while the Chætopteri are of very considerable size.
Tho head is flat and short, and is provided with two rather long
tentacles, springing from its underside, and generally channeled.
It has no proboscis, but the buccal segment of the body is furnished
with pinnules, like a pair of wings. The anterior portion of the
body is of a square shape, broad and flattened. The middle portion
is cylindrical, and composed of four segments, which are in the form
of sacs or vesicles. The posterior portion of the body consists of
from thirteen to twenty-three segments, gradually diminishing in
size as they descend towards the caudal extremity. The Ghœtopterus
insignis, found on our coasts, from the Firth of Clyde to Cornwall,
North Wales, and in the Channel Islands, is about four or five
inches long, and inhabits a thin parchment-like tube, coated
externally with sand and gravel.

There is one species (Leucodore ciliatus) found on our coasts,
near low water. It lives between the seams of slaty rocks, burrowing
in the fine soft mud which lines the fissures. It there forms a kind
of fragile, brittle tube, in which it dwells. The motions of the
animal are slow. "When placed in a saucer," says Dr. Johnston,
"it keeps itself rolled up in an imperfectly circular manner, lying

The worms which now follow in the arrangement are more
typical of this order than those just mentioned, and are those
with which Grube commences his group Limivora, corresponding
so nearly with the Tubicola or Sedentaria of Milne Edwards.
A number of these may be briefly mentioned.
For instance,
the Opheliadæ, many of which are more like small fishes—of

s,
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the genus Amphioxus, for instance—than Annelides; flattish
worms, sharp-pointed at the two extremities, and of a uniform
pearly colour. Tho species found on our British coasts are about
two inches long, and are narrow. They have a single row of feet,
with simple bristles, slender, slightly curved, very acute, and
smooth.
The SIPHONOSTOMIDÆ, another family, are a curious set of
worms that burrow in mud. They have a soft, cylindraceous body,
provided with long and numerous bristles, which, with the feet, are
enveloped in a transparent mucus.
The species of the next family, TELETHUSÆ, are borers in sand,
and the family contains a genus named Arenicola, sand-worm, some
of the species of which deserve a little more attention than has been
paid to their predecessors. In general form they are cylindrical,
somewhat inflated anteriorly, and consist of more or less numerous
segments, a certain number of which are provided with beautiful
arbuscular branchiæ. In some of the species these branchiæ are
finely tinted, and the worm itself is often of a carmine colour, or of
a deeper red, though sometimes it is brownish, and at others of a
blackish green, according, in a great degree, to the nature of the
ground in which they are found. The Arenicola piscatorum is a
common species, and is well known to our fishermen by the name of
" lug-worm." As Mr. Gosse says, " it is rather an uncouth-looking
creature;" and the specimens he found were in colour like "what a
tailor would call an invisible green." The body is composed of a
considerable number of segments, and thirteen of these are furnished
with branchial tufts. These branchiæ, Plate IV., Fig. 2, are aborescent
in form, of a red or purple colour, and are said by Gosse, from an
examination of the animal in life, to be protrusile, and to consist of
a great number of short, incurved filaments, which have the power
of independent motion, " moving with a sort of grasping action."
The six first segments are provided with setæ only—no branchiæ.
The bristles are described by Gosse as pointing upwards and a
little outwards, as very fine, and gradually tapering to a point.
They are plain, he says, except near the tip, where they are clothed
with the most delicate barbules, which, however, are closely appressed. The lug-worm attains the length sometimes of ten inches,,
and is found on various parts of our coasts, in rather shallow water,
preferring a station near low-water mark, and burrowing there in
the sand, or—what, perhaps, they rather choose—a somewhat
muddy bottom. Their locality is easily detected, from the spiral
rolls of sandy excrement coiled like ropes above the aperture of the-
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burrow, which is about two feet deep. In this hole the worm lives,
with its head downwards ; and the process by which it excavates
this dwelling is very curious and interesting—the worm swallowing
the sand as it scoops it out with its anterior portion, and then lining
the hole it makes with a glutinous fluid excreted from the skin. In
some parts of our coast the lug-worm is very much esteemed by
our fishermen as an excellent bait for fishes. Dr. Johnston, in his
highly interesting work, " The Non-Parasitical British Worms,"
often quoted in this paper, gives a very graphic description of the
scene which occurs, in the neighbourhood of Berwick Bay, on the
occasion of a party of " baiters" going to search for these, to them,
valuable worms. "Almost at any season," he says, "when the tide
has withdrawn itself within the limits of the ocean, the idler who has
wandered down to the shore may, perchance, notico a group of
men, girls, and boys hieing thither with a glee that he might almost
envy. Some carry a small spade, round, and very sharp on the
edge, and mounted with a long handle ; and others have a little
shallow bucket, held by a twisted cord fixed in a hole on each side
of the bi'im. They are a picturesque and happy group. They go
direct to a sandy bay, which reaches from the shore to the lowest
ebb, and is made a little sinuous by the ledge of rocks on each side
that define its limits. Over this bay our group disperse themselves,
every one as his experience guides him, to the spot most favoured
by the lug-worm. Here, either directed by some peculiarity in the
holes on the surface, or often, as I think, by mere guess, the baitseeker plunges his spade deep into the sand—not by pressure of the
foot, as a gardener docs, but by the force of the arm only ; and
then he throws out the sand, whence his attendant boy or girl
picks out the wreathing worm, and tosses it into her bucket, the
bottom of which has been just covered with a little sea-water.
Thus the work goes on as if it were a pastime, until the whole bay
has been searched ; and now unseemly pits and hillocks cover the
entire surface. But the tide flows fast, and on its recess all is
found to be again smooth and level, and no evidence remains to
convict the spoilers of its tenantry.
" The little bay—it may be fifty yards in breadth, and four times
that in length—will afford daily a crop of worms for several successive weeks ; and, after an interval of a month's rest, other crops
of equal abundance ; and this from year to year immemorial, f To
account for the unfailing supply, our fishermen imagine that the
worms come in from the sea with the tides ; more likely it is
dependent on the fecundity of the species, and the rapid growth of
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the individual. The number taken is amazingly great. As a basis
for the calculation, let us take our own fishery, and let us estimate
the boats engaged in the capture of fish that esteem the lug-worm
a favourite food, at the number of twelve only (we have, in reality,
seventeen so engaged at present) ; and let us further suppose that
each boat baits one line, with its 700 hooks, daily with the lug, and,
for the short period of six weeks per annum, and this low estimate will
give an annual consumption of 302,400 worms ! Now, again, multiply
this great host by the numbers used in each of the fisheries that are
carried on in almost every bay and creek of our island, and it will
take a very long series of figures indeed to express the enumeration—such as sets the mind to wander vaguely amidst creations
that are to it innumerable.-" Four or five species of Arenicola, or
sand-worms, arc found natives of Britain.
The TEREBELLIDÆ, which follow the worms just mentioned, are
typical specimens of the order Tubicoia, or Sedentaria. These
worms inhabit consistent sandy tubes, open at both ends, which
they form themselves. The body of the species of the family is
generally nearly cylindrical in shape, without a well-defined head.
Springing, however, from the buccal segment we see numerous
filiform extensile tentacula placed on the crown, or on a lobe above
the mouth, or on each side near the mouth beneath the lobe. In
some of the genera the dorsal margin of the post-occipital segment
is furnished with a transverse row of stiff golden bristles. The
tubercles which represent the feet, and which bear setæ, are almost
always disposed in two rows ; the dorsal, armed with setaceous
bristles ; the ventral, with a single or double series of hooks or
uncini (Tab. IV., Figs. 4, 5). The branchiæ are generally very
much branched, rarely filiform, usually placed laterally, seldom in
the medio-dorsal line, and confined to the two or three anterior
segments.
The Annelides belonging to the genus Terebella are destitute of
the stiff bristles. The tentacles which crown the head, or buccal
lobe, are very long, filiform, very extensile, furrowed below, and
roughish with mucous granules, and the branchiæ are in one, two,
or three pairs. The tubes which these animals form are of a membranous nature, coated with broken shells, gravel, or sand, cylindrical in form, erect or free, and open at both ends. In some of the
species found on our shores, this tube is as large as a swan's quill,
and is easily distinguished by a peculiar tuft of branched arenaceous
fibres, with which its orifice is armed. It stands erect in the mud,
buried to a considerable distance, and extends from six to twelve
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inches in length. In some, the tentacula and branchiæ are coloured,
and present an agreeable appearance in the water as they move
waving about. One species, the Terebella textrix, or the " Weaver,"
is peculiar in forming a real cobweb, " as distinct," says Daly ell,
1 as that of tho spider, with which it covers itself, and which, also
frequently, if not always, serve to support its spawn."
The genus, Pectinaria, is distinguished at once by the front of
the animal being armed with a transverse row of stiff bristles, like
the teeth of a comb ; from which resemblance it derives its name.
The species, of which there are two, or perhaps, three, natives of
Great Britain, inhabit tubes, consistent in texture, free and
unattached, of a conical shape, widely open at both extremities,
and composed of agglutinated grains of sand, and generally quite
even on the surface.
The most common British species is the Pectinaria belgica,
which lives in a sti-aight tube, corresponding almost exactly to the
size of the animal. This stands immersed in the sand, in a perpendicular position, and from its upper wide end, the animal
projects the head with its many tentacles which are in continual
movement.
These are described as being shortened, and
lengthened, and twisted about at will in search, apparently, for
fit grains of sand to construct or extend the tube ; a process
which is very curious and interesting.
" This creature," says
Sir John Dalyell, " constructs a very delicate tube, as thin as
paper, exclusively of the grains of sand agglutinated together in
an extraordinary manner. The thickness of the side does not exceed
a single grain, each lies in its proper place, and the whole is lined
with the slightest silken coating. The sand being collected at the
orifice of the tube, its tenant, chiefly by means of the tentacular
organs, selects those which are appropriate, and applies them to use.
This is done only through the night, all the additions being made
at the orifice, and as the animal grows, the shape and dimensions of
the tube being an inverted conic frustrum, result from the successive growth of the body." The Pectinaria belgica is generally from
two to two and a half inches long though occasionally it exceeds
that length. The spines on the head are of a golden bronze
colour, and the branchiæ a bright vermilion.
The SABELLARIÆ are distinguished from the Terebellæ by their
head being provided with a number of peculiar bristles, generally
arranged in a double or triple circular series. The post-occipital
segment is cleft, as it were, into two similar halves, each fringed
with about forty tentacular organs which are extremely flexible,
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apparently cartilaginous, and, when examined by the microscope,

name of Amphitrite, but the former is the original name given to

appear serrated on their margins.

The body of the animal is of a

them by Savigny.
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They are very beautiful animals, as far as the

somewhat cylindrical shape, and composed of two distinct portions ;

fan-shaped branchial plumes on their head is concerned.

the upper is divided into segments which are provided on each side

time Mr. Gosse found a Sabella, he exclaimed, when he saw it

with feet armed with setæ and uncini, or hooks ; the posterior por-

unfold its plumes, " Oh, what a magnificent creature !

tion is in form of a slender appendage without segments or feet,
usually folded upon the body.

as I gazed delighted upon it, that it excelled in beauty any of the
marine worms I had yet found."

The first
I thought,

"This plumous crown," he con-

The species inhabit eccentric-looking but massy tubes, composed

tinues, " seemed as if it would well become the head of some noble

of pieces of coarse sand, or fragments of shells, cemented together

cacique, or the lord of one of those isles in the distant east, which

by means of a glutinous matter secreted by the animal, forming

are the depositaries of earth's most precious things."

irregular masses impacted, generally, amidst the roots of sea-weeds

these worms is distinctly annulated, and the head is marked by a

(Laminariæ), or fixed in heaps upon old shells.

They are, in most

cases, flexuose in shape, and about an inch or an inch and a half in
length.

The aperture of this tube is open and circular, somewhat

expanded at the margin, but closed up at the bottom.

There are

four-lobed, everted, cartilaginous collar.

The body of

The branchiæ arise from

the front, and consist of a pair of large fan-shaped rays composed
of many fringed parallel filaments, united together on a cartilaginous base.

The mouth is situated in the centre between these

two or three species found on our shores, one of which, the English

branchiæ, at the bottom of a regular funnel formed by them, and

Sabella (Sabellaria Anglica), was described many years ago by

frequently has two small setaceous tentacula on each side.

Ellis amongst his species of corallines.

besides, furnished with two small, fleshy lobes, which Sir John

of a dark sandy colour, of a brittle

As he says, the tubes are
light than

Dalyell, who .first noticed them, calls " trowels," having between

The animal itself is said by Sir J.

them another organ which he describes as a tongue or "scoop." The

Daly ell, to be timid, lively, and active; to be never tired of working,

two or three first segments of the body are not possessed of feet, but

though night is its chief season for constructing its dwelling.

the succeding segments of the thoracic portion of the body have

heavy, and porous on all sides.

texture, rather

It is,

The

tentacular organs are those employed by the animal for selecting

setigerous feet, with a series of uncini to each.

the grains of sand and adapting them to the precise spot wanted,
where they are fixed by means of the glutinous secretion mentioned

portion of the body has a pair of setigerous feet also on each segment, with a similar series of uncini, which, however, in this part

above.

of the body, reverse the position they had on the thorax.

The interiors also are lined with a silky looking substance,

the produce of the same secretion.

The Sabellariæ are oviparous,

animals live

in soft

and flexible cylindrical

The abdominal

tubes,

The

sometimes

and the ova are laid during the summer, from spring to the end of

tapered at the base, made of fine mud, smooth externally, and

autumn.

coated with a fine membrane interiorly.

Sir J. Dalyell tells us that these ova are generally purple

in colour, with a darker nucleus within a gelatinous sphere.

"A

A very handsome species, and one of the most common found on

specimen of the animal," he says, " having been injured in the third

our coasts, is the "Fan Sabella" (Sabella jpenicillus), Plate IV.,

week of October, by separating a congeries of tubes, a vast quantity
of purple ova issued from the root of the cleft (on the anterior or

Fig. 3.
The animal is from twelve to fifteen inches in length, and as

post-occipital segment).

thick as a common goose-quill.

The parent itself was coloured by the

It is of a brownish orange-colour,

presence of the ovarium, for by this organ are these creatures,
greatly affected during the season of propagation; they become

and composed of numerous segments.

brown or dingy white, from a fine ruddy colour, when the spawn-

" a pair of remarkably elegant, large, fan-shaped tufts, of a straw-

ing season is over.

the same

yellow colour, beautifully spotted and banded with brown, yellow,

specimen continued discharging thousands of ova, all of a beautiful
colour and regular ovoidal form."

consists, in an ordinary specimen, of more than thirty (sometimes as

The

SABELLÆ

On removal to

a

watch-glass,

(belonging to the family Serpulidæ), differ much

from the worms last mentioned ; they are often described under the

There is no proper head,

but the anterior extremity is furnished with branchiæ which form

orange, green, and red, and about two inches in height ; each tuft
many as eighty or ninety) filaments, densely fringed, and united
together by a common cartilaginous membrane at the base."

The
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cilia of the fringe are simple, and the uncini or hooked seta are
arranged in such a way « as to resemble the denticles of the tongue
of a zoophagous mollusk." The bristles which their feet bear " are
of a golden yellow, collected into a cylindrical fascicle ; and as each
bristle is thickened or kneed where the point begins, the apices of
the whole are made to converge and form a conical termination."
The tube in which this worm lives is long, flexible, and cylindrical ;
smooth outside, the mud or fine sand of which it is constructed being
cemented by a kind of glutinous secretion. In some of our creeks
and tidal rivers these animals abound in immense numbers, and on
the coast of Essex they are known to the fishermen by the name of
"Hassocks." When dredging in the river Roach, I have often
come upon banks where they existed in hundreds of thousands, and
appear in masses of large extent growing erect like a standing field
of corn.
Sir J. Dalyell gives us a very interesting account of this fine
species under the name of Amphitrite ventilabrum. He describes it
in great detail, and the formation of its tube is given with graphic
accuracy. The little organs which he calls "trowels," and the
" scoop," are extremely useful in this construction, and the operation is thus given us by Dr. Johnston : " To catch and collect the
muddy material necessary for the work, the branchial fans are
spread out into a semicircle, so that when the two are brought into
contact a wide funnel is formed. Once in the funnel the muddy
matter is forced down the rachis of the filaments by the play of the
ciliary fringes, and brought within reach of the singular organ at the
base of the funnel by which the mud is selected and applied, just as
a mason would lay lime on with his scoop, and then mould and
smoothen it with his trowel." These organs, described above, receive
the pellets of mud which the animal mixes up " with an adhesive
secretion, furnished, probably by the collar of the cephalic segment
and by the organs just mentioned. It is thus rendered consistent
and tenacious, and fit to be employed in raising the edge of the tube.
To that position the material is raised by the tongue and trowels,
aided by a general elevation of the head; and it is fashioned into
shape by the same scoop and trowels curved over the exterior circumference as far as they can be stretched, and smoothed and
polished by their motions, while clasping it with their pressure.
And thus the tube is built up." When clear and perfect, says
Dalyell, this tube bears the narrowest resemblance to a tube of
caoutchouc manufactured by human art.
The branchial plumes are the most striking part of the structure
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of this worm, and an enumeration of its parts may well strike us
with wonder and admiration. " If the plume of an adult," says Sir
John Dalyell, " displays eighty branchiæ, with five hundred cilia
on each side, here are no less than forty thousand organs endowed
with voluntary, distinct, and independent action. So many other
parts are alike privileged in their own peculiar motion without the
participation of the rest, that it is no exaggeration to affirm that
the will of this timid, lowly, defenceless creature is fulfilled through
the control of fifty thousand living parts." None of the Annelides,
we are told by those who have studied the history of this interesting
worm, is more richly endowed with the power of repairing wounds
and losses. These branchial plumes, noticed above, may be thrown
off and replaced with new ones, and a large portion of the body may
be amputated, and ultimately completely restored, is ay, Sir J.
Dalyell informs us that a small portion of the abdominal part of the
body has grown to be a perfect individual, has reproduced segments
of its own kind, thoracic segments of different character, and the
head with all its gorgeous plumes. For a further account of this
interesting Annelide see the account given by Sir J. Dalyell in his
" Powers of Creation."
The Serpulæ are the last of this order of Annelides that we shall
mention. These worms are of an elongated form, and composed of
numerous segments. The head is crowned with plumose branchiæ
in two erect fan-shaped tufts, and they possess two tentacles, one of
which is sharp-pointed, and the other dilated at the extremity into
an operculum. The feet are setigerous ; but the thoracic and abdominal bristles are reversed in position. The operculum presents
good characters for distinguishing the species.
We have figured one species which is common on some parts of
our coasts, the Serpula vermicularis, or contortupUcata (Plate IV.,
Fig. 6). It inhabits a round shelly tube, tapered regularly backwards, and marked on its dorsal surface with a more or less distinct
keel. It is about three inches long, and its aperture is circular,
with an even or somewhat everted rim. Many tubes are usually
found growing together, adhering to some old shell, a bit of broken
pottery, or a stone, all much intertwined, and mutually adherent, so
that it is practically hopeless, as Mr. Gosse says, to attempt to
isolate one.
Sometimes, however, the tube in which this worm
dwells is solitary, and may be found creeping along some old
shell, and occasionally we find it only partially adherent, and the
anterior portion standing erect. This tube is much longer than its
inhabitant. Its length, says Mr. Gosse, is by no means commen-
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surate with, the length of its house, of which, indeed, it inhabits
Only the last made portion, leaving behind a roomy space into which
to retire in case of need. It is only about an inch in length, and
there is a well marked difference between the thorax and abdominal
portion. The former carries on each side prominent tubercles, in
place of feet, which are vigorously protrusile, and within which
bundles of strong bristles are thrust to and fro. On the upper
part of each foot, extending half across tho back, is a row of microscopic hooks, wielded by long thread-like tendons, which are fixed
on mechanical principles to tho attached end of each hook. By the
aid of these the serpulæ very cleverly withdraw themselves with
lightning-like rapidity on alarm. (t These organs are formed on the
model of a hedger's bill-hook, only that the edge is cut into long
teeth. Carefully counting them, I have found that each serpula
carries about 1900 such hooks on its corselet, and that each of these
being cut into seven teeth, there are between 13,000 and 14,000
teeth employed in catching the lining membrane of the tube, and in
drawing the animal back." The feet on the hinder portion of the
body are, according to Mr. Williams, modified in structure, with
express reference to the duties of mopping, sweeping, scraping, and
wiping the inferior closed end of the habitation. Tho branchiæ, or
breathing organs are much modified, both in position and form.
" They consist of most elegant comb-like filaments, richly coloured,
arranged in two rows around the front extremity, one row on each
side of the mouth. They are graduated in length, and are so affixed,
that, where the rows meet behind, they can be thrown in, so that a
vertical view of the circular coronet shows a great sinus in it.
These brilliant gill-tufts form the most attractive feature in these
elegant worms, and are individually most exquisite examples of
mechanical contrivance. Examined under a low microscopic power,
they present a most charming spectacle. Each filament consists of
a pellucid cartilaginous stem, from one side of which springs a
double series of secondary filaments, like the teeth of a comb.
Within both stem and filaments the red blood may bo seen with
beautiful distinctness, driven along the artery and back by the vein
(which are placed close side by side) in ceaseless course, contributing
a very striking spectacle. The exterior of these organs is set with
strong cilia, so arranged that the water current is vigorously driven
upward along one side of the filament, and downward along the
other." This current brings the food destined for the nutrition of
the animal into the funnel formed by the branchiæ, as mentioned in
the case of Terebella, at the bottom of which is the mouth, along
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with a quantity of water, which, again, is expelled by means of a
ciliated lining of the hinder parts, in a strong current, impinging
against the closed end of the tube, and which carries with it all
extraneous or fecal matters. " What a beautiful and effective contrivance," says Gosse, " is this for constantly keeping in a state of
the most unsullied cleanness the interior of the house ! It reminds
one of the fabled Hercules cleansing the Augean stables by driving
the river Peneus through it." In our notice of the genus, we have
mentioned that the animals are provided with two organs like the
antennæ of insects, one of which is acute at the point, the other
dilated in the form of an operculum. In this species it is broad and
trumpet-shaped, somewhat concave at the extremity, and delicately
marked with radiating grooves. "This organ is usually painted
with the same brilliant colours as the gill-tufts, and, by its length,
size, and form, makes a very conspicuous figure in this charming
serpula. Its length is such, that when the gill filaments are rolled
up and withdrawn, the conical club enters after all, and is found
accurately to fit the trumpet-like orifice of the tube, just as a cork
fits tightly into the mouth of a bottle."
PLATE

Fig.
Fig.
Fig.
Fig.

HI.—ANNELIDA

ERRANTIA.*

1.—Aphrodita hystrix—natural size.
2.—Ainpldnome didymo-branchzaia—natural size.
3.—Nereis cœrulea—natural size.
4.—Phyllodoce Paretti.—natural size.
PLATE

IY.—ANNELIDA

TUBICOLA AND SUCTORIA.

Fig. 1.—Cirratulus tentaculatus—natural size.
Fig. 2.—A branchial tuft of Arenicola—magnified.
Fig. 3.—Sabella pericillus—Head portion, natural size.
Figs. 4 & 5.—Uncini, or hooked setæ of tubicolous Annelides—much magnified.
Fig. 6.—Serpula vermicularis—natural size.
Fig. 7.—Hirudo mcdidnalis, var.—natural size.
* Plate III. was given with the April number, opposite page 161.
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INSECT LIFE IN NATAL.—ANTS WHITE, BLACK, AND
RED.
BY DR. MANN,

Superintendent of Education in the Colony.

all tropical and semi-tropical lands insect life is a wonder and a
power. In such situations it very commonly rivals vegetation itself
in the luxuriant reply which it makes to the appeal of almost constant sunshine, and in the busy energy and endless diversity with
which it presents itself in every direction, and at every turn.
In this particular the South African colony of Natal, lying
between the 28th and 31st parallels of south latitude, and but a few
hundred miles outside the boundary of the southern tropic, is no
exception to the rule. Tbe insects of Natal are both busy and important members of the young colonial community, and never-failing
objects of interest to those who there care to watch them in their
manifold operations. It must also be added that in this especial
district of Insectdom, they prove themselves by no means the bad
neighbours they are reputed to be in somewhat analogous situations
in other parts of the world.
They are loud, and active, and
numerous, and strong, but, on the whole, behave themselves with
courtesy and forbearance towards the two-footed intruder who has
of late years trespassed within their six-footed dominions. Some
passing illustrations may be given in support of this certificate of
character before Natal insect life is looked at from a different point
of view.
IN

In the first place those notorious burglars, the white ants, are
abundant in various parts of the colony. Their hillocks lie in the
path of the horseman in all directions as he rides across the open,
fenceless country. But, in the eyes of colonial experience, these
active and stealthy marauders are certainly not such ruinous and
destructive pests as they are reputed to be on the almost unanimous
testimony of insect books. They were originally in force on the
spot were the capital of the colony, the city of Pietermaritzburg now
stands ; and at certain seasons of the year the ground may still be
seen in the early morning strewn with the stripped wings of the
swarms of the male insect. The floors of the original court house of
the city have twice been replaced, in consequence of the old ones
having been consumed by these little depredators, and minute
orifices in the plastered walls of the public hospital, standing at the
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entrance of the town, show that the white ant has been at work
among the rafters above. But these things are occasionally made
the subject of a passing remark. Some one says to his neighbour,
" Some day the flooring of such a place here, or the rafters of such
a place there, will have to be renewed, for the white ants have been
among them." The thing is taken as a matter of course, and that
is all that is thought or said upon the subject. In the open country,
settlers commonly make some little trifling repair to their houses,
replacing posts or beams, and renewing plastei", because the white
ants have been busy with the structure ; and, in new buildings,
creosote and tar are now getting to be more generally used in connection with the foundations. But, beyond this, it is rarely thought
worth while to take the trouble to enter upon either hostilities or
precautions. The author of this' paper has thrice encountered the
nest of this insect in his own garden, in what would generally be
deemed objectionable proximity to walls and book-cases. But this
is all he has ever personally known of his insidious neighbours ; the
nests being eradicated, and the queens bottled up, as a matter of
course, when stumbled upon. In gardens the nests are commonly
made in the earth and sod fences which are most generally in use,
and which arc very convenient as saving the busy insects some considerable amount of constructive labour. In the open country the
hillocks which have to be reared, where there are no fences ready to
supply their place, are about eighteen inches or two feet high.
They are simple cones, with truncated and rounded tops, well
hardened and baked by the strong sunshine. But the symmetry of
their form is very constantly marred by the claws of the ant bear—
the larger ant-eater of the zoologist—the cone being torn down on
one side, and the debris of the structure, the disintegrated ant
mortar, or " ant-heap," as it is technically termed, being scattered
upon the ground. The ant bear is very plentiful, and the large,
open mouths of its capacious and deep burrows are continually encountered in all directions, often most unwelcomely and unpleasantly,
by the feet of horsemen's steeds, in the concealment of thick grass.
But the animal itself is never seen, unless it is dug out from its
retreat, and it requires some skill and practised ability to accomplish
this feat, as he is a better and more speedy excavator than the
general run of his assailants, and will make his way more quickly
into the earth than any small number of picks and spades can follow
him. His own operations among the ant hills are always carried on
under the cover of darkness. He is very wary and stealthy in his
habitual work, and exceedingly quick in his movements.
The
VOL. in.—NO. v.
z
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author has lived some years amidst his haunts, and only once
enjoyed the opportunity of making his personal acquaintance.
Although the actual damage inflicted by the white ant in Natal
falls considerably below the mark of the mischief that is ordinarily
encountered in India, and in some other places, where the insect
is also " at home j" illustrations of its subtle ingenuity are continually stumbled on. The author once encountered an instance in
the up country district, about seventy miles to the north of the
capital, which is quite worthy to be quoted by the side of the
notorious case of the archives of La Rochelle, where the public
documents of the departments were found one fine morning to
have been entirely carried off, saving the upper leaf and edges of
the volumes, which were required to save appearances and premature discovery. The author was on a passing visit to a friend who
had occasion to refer, in conversation, to a matter of business
which had involved a correspondence with his legal adviser, and
went to a packet of letters which had been deposited on the mantelshelf of the fire-place to select from the bundle one memorandum,
which contained the terms of an agreement. The bundle at first
offered a somewhat unexpected resistance to the touch, as if the
several letters had been glued together, and to the wood of the
shelf; but upon slight increase of the pressure crumbled up into
all but impalpable shreds. The white ants had walked off with the
essential portion of the agreement during the night, and turned it
to account in making some internal chamber of their nest cozy and
comfortable ; but with great delicacy and consideration for social
proprieties, and the feelings of the original owner of the document, had left the edges of the envelope to prove that the
communication had been duly received. The depredators, in this
case, had made their way to their spoil after their usual fashion, by
means of galleries excavated in the substance of the wood of the
shelf and its supports. The papers had been lying untouched and
unnoticed for some few days. It would be a very interesting piece
of insight into insect economy, if it could be ascertained how these
stealthy excavators discovered the presence of this tempting bundle
of documents on this precise and available spot.
The usual course of proceeding with the white ant in Natal, is
to give simultaneous attention to the planks of boarded floors,
where these have been laid, and to the timber supports of roofs.
These latter are reached by galleries tunnelled out in the substance
of the plaster ; and in constructing these tunnels, small openings
through the surface of the plaster are made from spot to spot, in
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order to give the convenience of a ready discharge of the material
removed by the excavation. Experienced eyes can readily detect
the presence of white ants in buildings by these tell-tale holes
opened out in the walls, and advantage is commonly taken of this
weak point in the tactics of the stealthy excavators to do the only
thing that is attempted in Natal to circumvent their proceedings.
Arsenious acid, mingled with sugar, is introduced through these
holes by means of quills. This generally proves to be a very
efficient service of a notice of ejectment. The ants which come
into communication with the poison speedily die in the runs ; they
are then either consumed by their friends and companions, or are so
handled in the process of removal by their mandibles, that the
poison passes through successive series of the invading host, and
so kills off an incredible number of the insects. The still more
efficacious plan of destruction, introduced at La Rochelle by M. de
Quatrefages, namely, the injection of a mixture of chlorine gas and
air into their burrows and nests, has not hitherto been adopted in
Natal.
It is by no means certain, upon the whole, that there is not
quite as large a balance of good as there is of evil, to the account
of white ants in Natal. The " ant-heap " is of inestimable value
in a land which is almost destitute of lime, and is put to a great
diversity of purposes in the constructive arts, being an indispensable ingredient in all the best kinds of mortar and plaster, and in
high demand for the composition of floors for houses that are not
within the pale of joists and planks. Some animal substance of
great tenacity is mingled in it with the earthy base. To the native
Kaffir, the insect is unquestionably an unmixed good. The domestic economy of the native hut would be altogether unhinged in the
absence of this most beneficent, although unconscious, ally. The
Kaffir pottery is made almost exclusively of '' ant-heap " and clay,
which are puddled together by the women, and then moulded into
the form desired for the vessel by placing ring upon ring. The
floor of the hut, which is almost of the closeness and hardness of
stone, is composed of the nest of the white ant, finely pounded,
and then mixed up into a paste with water. This primitive form of
concrete is laid very smoothly, and kept in a polished condition by
rubbing with flat stones. In its entire state, the hillock is readily
converted into a kind of extemporized furnace. In the year, 1858,
Mr. Baynes encountered some native goldsmiths on the Zambesi,
smelting the precious metal in fragments of the ant-heap pottery.
The periods when the males of the white ant swarm, are quite
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festivals among the native races where these insects most abound,
as the adventurous rovers at these times cover the ground, and are
quite helpless, when first stripped of their wings. The Kaffirs, at
such times, devour them greedily, as great delicacies, and indeed,
have to compete with various other animals that are of a similar
opinion in the matter. At these seasons of swarming, it is but an
infinitesimal proportion of the myriad of insects sent forth that
escapes the jaws or beaks of bipeds, quadrupeds, and birds, all
eager alike to turn the opportunity to account.
The ground is
occasionally white for some hours, with a glistening layer of filmy
wings, among which the recently stripped insects wander in the
most puzzled and helpless condition, seemingly without any
other purpose than to afford their numerous enemies a ready chance
of snapping them up. The prodigality with which these swarms
of males are thrown forth upon the land is certainly very astonishing and remarkable. Amidst many hundreds of thousands, the
author never succeeded in detecting a single female. It looks
very much indeed as if the general mass of these roving gentlemen
was made to be eaten.
There is at least one large species of Termes in Natal that
reserves its energies for thatch. It always aims at getting into
roofs when it can, and of course finds the native huts very convenient for its operations. The worker of this species is of considerable size, nearly as long as the last joint of a man's little finger
and half as thick. The author had a friend in the coast districts of
Natal who had very ingeniously enlarged the somewhat too narrow
dimensions of his house by building a large dining-hut as a kind of
outpost to the dwelling, and a delightfully cool and airy haunt in
the hot season, with doors and windows open to the fresh sea-breeze,
the place proved itself, and as pretty as it was pleasant when it
came to be, as it finally was, covered by one vast tangle of the
blossoms of the blue Ipomea. Unfortunately, however, these thatchTermites soon domesticated themselves in the walls and dome of
this extemporized chamber, and as they are by no means given to
take good heed to their ways, at every false step they used to tumble
down upon the table in a kind of insect shower, which was more
than usually undesirable at the time of soup, on account of their
very close resemblance, in all but the particulars of life and legs, to
segments of maccaroni. It is a matter of general and traditional
remark that a species of black ant which makes its nest upon the
branches of trees is a ruthless enemy of these thatch invaders ; and
that the Termites never remain long within reach of this antagonist.

The nest of the tree-ant is simply a round ball of consolidated earth
fastened upon a branch. If one of these nests is cut, with its branch,
from the tree, and the end of the branch stuck into the thatch
infested by the Termites, the Termites almost immediately disappear.
This method of exorcism was practised at last in the case of the
dining-hut, and after its adoption the showers of animated maccaroni
during soup-time certainly ceased.
There is another thatch, or, in this case rather straw, depredator
in Natal ; a powerful, active fellow, who works above-board, and
runs about with his gatherings in open daylight, and who is therefore probably a true ant, and not a Termes. He may constantly be
encountered in the up-country district running With pieces of straw
three and four inches long, held erect like standards, and balanced
with admirable precision. The opening of his nest is a small round
orifice lying on the general surface of the ground, and at this
entrance it is no uncommon thing to find him considerably embrassed by volunteer assistance. A second ant seizes the opposite
extremity of the straw just as he is about to disappear into the mouth of
his cavern with his treasure, and then, as each is impelled with the
same idea and purpose of getting his end into the narrow hole, an
unmistakeable difficulty occurs, which only terminates after a protracted struggle, where victory inclines alternately opposite ways,
in one of the competitors in some happy moment disappearing
backward into the hole, still holding fast to his own particular
extremity. The long straw tilts up at the opposite end, and after a
wriggle or two follows its leader and disappears also, and the assistant carrier stands for a little while over the hole, waving his
antennæ and looking down with gestures that unmistakeably mean,
"All right, old fellow; there you are at last."
The black ants of Natal are unquestionably stingers, either
Myrmicæ or Poneræ, and therefore there is no doubt the unarmed
thatch-Termes exercises a very wise discretion to retire from the
field when they enter the arena. The author encountered one personal experience which leaves him in complete sympathy with the
Termites in this particular. He was, upon one occasion, riding on the
coast in the wild country beyond the southern frontier of No-man'sland, when one bright afternoon coming conveniently upon the bole
of an overthrown tree which looked very tempting in the sunshine,
he dismounted, and throwing the bridle over his horse's head, sat
down upon the tree for a little rest from the equestrian exercise, and
soon fell into a brown study, looking out upon the breakers of the
sea curling over a sand-bar that just here closes in the mouth of a
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small river and converts it into a lagoon of broad smooth water. His
reverie, however, was disturbed in about three minutes by a sensation that exactly resembled the feeling caused by a good active
blister in the second stage of its operation. Starting up from his
repose, he found the trunk of the tree alive with an agitated mass
of black little ruffians who were running to and fro in a state of infuriated excitement, brandishing their antennæ and snapping their
mandibles, indignant at the use that had been made of their domicile unasked. The tree was unfortunately the select nest of a very
populous community,'which no doubt had sentinels posted, but
which certainly had noglected the correlative precaution of the
further posting of notices that all " trespassers were vesicated,"
which really good breeding required. The author was some hours
before the last individual of the large band of captives made in his
hasty retreat was placed hors de combat as he emerged, still bristling
with warlike ardour, from one of the pockets of his riding-dress.
There is an ant in Natal which is very much smaller than even
the ordinary white ant, but in reality much more troublesome to the
colonial housekeeper. It is a pigmy red emmet, which makes its
nest as close to the kitchen-fire as it can, and which always has one
eye open upon the larder. Wherever there is anything eatable, this
ant appears in crowds. It gets into the tempting caverns of the
fermented bread, covers the meat, thickens the milk, and is consumed in vast hecatombs with every mouthful of the dinner. If a
dead insect drops upon the floor, in five minutes it is covered with
these prowlers as a dead ox in the open veldt is covered by the vultures.
Upon one occasion the author had a new dressing-table placed in a
bed-room, where there had been no particular sign of the presence
of these insects. On the following morning the table was nearly
covered by an even film of these emmets, with a settled establishment of comers and goers moving in opposite streams up and down
the legs. The cabinet-maker had carefully oiled the piece of furniture, before carrying it home, to bring out the grain of the yellow
wood, and hinc illœ formicœ !, Some stray explorers had discovered
the oil during the night, and given notice in the kitchen.
There is only one possible way in which these active marauders
can be circumvented. The author has fought long campaigns with
them, which certainly not less than twenty volumes could record if
Mr. Kinglake were the historian, and engaged to chronicle the successive charges of the brigades, and the conclusion which he has
derived from his experience in the warfare is that nothing else will
do but the stern and resolute refusal of supplies. No scrap of any-
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thing, saccharine or savoury, must, upon any occasion, be left where
it can be hit upon by prowlers, and the house will then enjoy a complete and unbroken immunity from this pest. It is quite surprising
how soon these enterprising little fellows learn that any particular
domicile is really not worth their powder, and march off to more
promising quarters. The author's plan of carrying out this particular line of tactics was eminently successful. It consisted in the
simple expedient of having all shelves that were destined for the
reception of eatable stores, supported on short legs, which were
inserted into small tin cups of tar, and of never allowing such stores
to be left anywhere but upon these shelves.
The ants of Natal are found everywhere, and are of endless and
indescribable variety. But there is one curious fact which applies
to the entire legion, and which always seems to the author to go
far to vindicate the practical philosophy and experimental knowledge
of tho proprietor of the Industrious Fleas, exhibited some years
ago in Paris, and described by Baron Walckenaer. The Baron
relates that whenever the fleas were unwilling to draw their carriages
or cannons, and to go through their appointed evolutions, their
master used to take a burning coal, and move it about near the
indolent performers ; when they were at once roused to activity, and
recommenced their performances.
In Natal, whenever the sun disappears behind a curtain of cloud,
the army of ants may be seen moving listlessly about, waving their
antennæ dubiously, and pausing and hesitating, as if not quite clear
what they are after, at every turn. The instant the sky is clear, the
sunshine pouring down, and the thermometer up to between 80°
and 90°, each little workman goes straight about his proper task
with a clearness of decision and a point of purpose that does not
admit a pause, and with a celerity which, at such times, is literally
too great for the eye-power of the observer.
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A FEW WORDS ON STONE CIRCLES.
BY LLEWELLYNN JEWITT, F.S.A.
HAVING, in a former article,* alluded briefly to the circles of stone
which exist in various parts of the kingdom, I now redeem my
promise of calling attention to their construction and to the intention
of their formation. These circles of stones are usually, no matter
what their size, or what their features, called "Druid's circles,"
" Druidic circles," " Druid's temples," and the like, and all sorts
of stories are connected with them. In some districts, too, they
are, in the popular mind, connected with the fairies, and it is
believed that here they sit in " solemn conclave," and here hold
their high festivals. " Hob Hurst," or " Hob iW Hurst," is still
in some places firmly believed to inhabit the circle, aud the rustic will
not pass them at certain hours for fear of harm being done to him,
or to his homestead, or his cattle, if he disturb " Hob" in his lair.
With these absurd stories it is, however, in this article, not necessary
to trouble the reader. I will, therefore, proceed at once to speak of
the characteristics and of the uses of the smaller examples, leaving
the larger ones, and the avenues of stone, for a future article.
Circles of stone, of one kind or or other, are not unfrequently
to be noticed in various parts of the kingdom, and they vary as
much in their size, and in their character, as they do in their other
features. The bases of grave-mounds were frequently defined by these
circles, and sometimes by a shallow ditch or fosse, and occasionally
by a combination of both. To this circumstance the origin of many of
the circles of stone remaining to this day are to be traced, while
others of a far larger construction, and of a totally different character,
such as those of Stonehenge, Abury, Rollrich, and, probably,
Arbor Low, have been formed for totally different purposes. With
these larger ones, except in so far as they are connected with sepulchral tumuli, I have, in my present paper, but little to do. Of the
smaller ones, those which have surrounded grave-mounds, I will
now proceed to give some particulars, as being intimately connected
with my former articles.
Excavations into various grave-mounds have proved, beyond
doubt, the fact that, in many instances, when an interment was
made, the site of the proposed cairn to bo raised over the remains
was marked by a circle of stones laid on the surface of the ground,
or inclining inwards, or set upright in the earth. The stones were
* " The Grave-Mounds of Derbyshire and their Contents."

this mode of construction is shown in the annexed engraving. A
circle of large flat stones was placed upon the surface of the earth
around the interments (which in this case consisted of calcined
bones in urns, and without), and upon these a second course of
stones was placed. The mound was then raised of loose stones,
and over this a thick layer of earth was laid, which increased
both the circumference and the altitude of the barrow. To render
this crust more compact, fires were evidently lit on the circumference
of the circle, which had the effect, by burning the soil, of hardening it, and making it, in some places, almost of the consistency
of brick.
An example of the second mode of construction I have indicated,

is at Elk Low, a section of which is here given. The barrow had a
depression running around its upper surface, something like an

346

A FEW WORDS ON STONE CIRCLES.

elevated fosse, as will be seen in the section. The interments were
made on the natural surface Gf the ground, where, in the centre, lay
a skeleton on its right side, in a contracted position, with its head
resting on a piece of limestone, which was placed as a pillow. Other
skeletons were also found, as was likewise an interment of burnt
bones, and some flint and stone instruments. The outer circle was
constructed of very large stones inclining inwards, and covered with
small stones and earth, thus forming an extremely durable mound.
Either of these examples, if denuded of their superincumbent
mounds, would form striking and very perfect stone circles, and
would be among the best remaining examples of small " Druidical
circles."
When the circles have been formed of upright stones, they have
not, certainly, always been covered with the mound, but have formed
a kind of ring fence—a sort of sacred enclosure—around the barrow.
A great number of examples of this kind exist in different districts,
and will easily be recognized by the zealous archæologist.
The

"NTXE LADIES," STAXTOX MOOK.

circle shown on the next engraving is that on Stanton Moor, known
by the name of the " Nine Ladies." This circle, of which a plan
is here given, is formed of a
circular mound of earth, on
which the upright stones are
placed. It is about thirty-six
feet in diameter. It has formerly consisted of a larger
number of stones; those that
are now remaining being at
irregular distances, varying from
eight to nineteen feet apart. In
the
centre are the remains of a
(py'
rifled sepulchral mound. Another circle, bearing the same
name, " the Nine Ladies," is on Hartle Moor, but of this only four
stones are now remaining. It has undoubtedly been a sepulchral
mound encircled by upright stones. On other parts of these moors
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other circles have existed, or still exist, which have, by excavations,
been proved to have enclosed sepulchral deposits.
On Brassington Moor, near a fine chambered tumulus, now unfortunately destroyed, existed two similar circles, the one thirtynine, and the other twenty-two, feet in diameter. On Learn Moor,
too, circles are known to have existed, surrounding interments.
On Eyam Moor circles of this kind, encircling sepulchral mounds,
exist. One of these is about a hundred feet in diameter, and is, like
the " Nine Ladies " on Stanton Moor, formed of a circular mound of
earth on which the stones are placed. Only ten of the stones
remain in situ. In the centre a cist was discovered many years ago.
Other circles occur in the same county on Abney Moor, on Froggat
Edge, on the East Moor, on Hathersage Moor, and in other
localities.
On Dartmoor, in Devonshire, many circles yet remain, as they
do also in Cornwall and in other counties. Mr. Blight, who has
paid a vast deal of attention to the antiquities of his native county^
Cornwall, has collected together many data concerning these
structures which tend to throw much light upon their modes of
construction as well as uses. To his researches I am indebted for
much of the following information regarding the Cornish circles, and
also for the diagrams which illustrate it. Upright stones were, as
in the case of the ring fences already named, placed at tolerably
regular intervals around the barrow, either on the natural surface of
the ground, or on a circular embankment thrown up for the purpose.
The intervening spaces were then, in many instances, filled in with
small stones so as to form a compact kind of wall, as shown in the
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next engraving.
This mode of construction was adopted for
encircling grave mounds, and in the joining of hut dwellings, etc.
It will easily be seen that, in course of time, the loose-walled parts
would be thrown down and disappear, while the uprights, being
firmly fixed in the ground, would remain, and
would thus form the stone circles as now seen,
and as commonly called " Druidical circles." In
some instances, as in the case of the circle enclosing a perfect stone cist, covered by a mound,
at Sancreed, here shown, the upright stones
touched each other, and thus formed a remarkably firm en-

348

A FEW WORDS ON STONE CIRCLES.

closure. This circle is about fifteen feet in diameter. Another
variety shown on the next engraving is a double circle, or rather
two circles, one within the other, and about two feet apart,
surrounding the stone cist. The stones in this example nearly
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a somewhat analogous one exists in the Channel Islands (here

touch each other. A somewhat similar one, but with the circles
farther apart from each other, exists in the Isle of Man, and is
shown on the annexed ground plan. The mound, in this instance
probably rose from the inner circle only, and covered the central cist.
In several instances the interment was not in the centre of the
circle, but was made in different situations within its area. For
instance, in the next example, from Trewavas Head, the cist is near

to the circle of stones, as it is also in the famous circle of
Callernish. The outer diameter of the mound is thirty-five feet,
the diameter of the circle of stones being nineteen feet six
inches. Other examples, similar in arrangement, occur. The next
plan shows a totally different construction. In this instance the
circle is composed of a number of stone cists, or sepulchral chambers,
pretty close together, end to end. This curious example, of which

the plan of another pair of " twin barrows," so-called, the circle in
the largest being about thirty-five,
and the smallest twenty-four, feet
in diameter. In the centre, at A
B, are the remains of a stone cist,
or chamber. " The mounds were
both cairns of loose stones. Remains
of other barrows, similarly formed,
occur in the vicinity.
There
Were two within a few hundred yards of the "twin barrow"
last described,! the greater portions of which have been taken
away recently to build a neighbouring hedge, but of which
I found ^enough to show how they were built. First, there
was an^j enclosing circle of stones, some placed upright, son.e
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longitudinally (see cut), the intention being simply to make an
enclosing fence ; within this the grave was constructed, then small
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the eastern part, were the remains of a small kistvaen; while
against the pillar B, facing it on the opposite side, was heaped up a
small cairn. The whole is surrounded by a ditch, within which, at C,
is another small cairn.

stones heaped over the whole, the cairn extending, by about six
feet, outside the built circle. The more perfect of the "twinbarrows," also, had the cairn extending beyond the circle.
Some larger circles, such, for instance, as the Boscawen-ûn circle,
eighty feet in diameter, the Aber circle (of which plans are here given),
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and others, it is supposed, may have been formed around a group of
interments, instead of single interments, as in many of the others.
In some instances, a single stone was placed to mark the place of
interment. Three such existing in the barrow at Berriew (see cut).

" A large circle (here engraved) twenty-seven yards in diameter, on
Penmenmawr was constructed by several uprights connected
by smaller masonry. Here the interments were apparently made
beside the pillars. Against the inner side of the tallest pillar, A, on

A view of Arbor »Low in the High Peak of Derbyshire, to
which allusion has been made, is here given. No sepulchral remains
have been discovered in the circle, but barrows of great extent,
which have yielded important remains on being excavated, are
closely connected with it. It is, however, possible that interments
have existed, and been removed in past ages.
In the centre of the circle, which is about fifty yards in diameter,
are some large masses of stone, which it is possible may have
formed portions of a cromlech. The circle is formed of a number
of immense stones, all of which, now remaining, lie flat on the
surface, not upright, as in many other instances. There is every probability that such was their original arrangement. The circle is
surrounded by a rampart and fosse—the fosse being of considerable
width, about eighteen feet, and the rampart about six or eight yards
in height from its inner base. There are two entrances to this
circle, north and south, each of which is some considerable width.
Close to the southern entrance is a large sepulchral mound, and
about three hundred yards away, and connected with the embankment around the circle by a continuous embankment of earth, is
another sepulchral mound, Gib Hill, which on examination has
yielded, like the one at the entrance, many highly interesting features.
Sufficient has, perhaps, for my present purpose, been written to
show that most or all of thé lesser circles have been formed in connection with interments. Of the larger erections more may be said
on another occasion.
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ANATOMY OF THE STENTORS.
(With a Tinted Plate.)

are no infusoria more beautiful or more generally attractive
to observers than the Stentors, well known to all microscopists so
far as their more obvious characters are concerned, but which present
considerable difficulty when it is desired to make out their details of
structure.
It is only by the frequent examination of a great number of
individuals, and making the most of fortunate opportunities, that
the various organs can be distinctly seen, and no disappointment
should be felt if many efforts have to be made before success is
achieved.
Drawings exhibiting anatomical details are almost invariably the
result of combining in one view parts that caénot be simultaneously
seen in the living animal. One Stentor, for example, may at one
time show the mouth or gullet well, while the nucleus is scarcely
visible, and some other organs cannot be seen at all. Another time
the nucleus may be prominent throughout more or less of its length,
and a complete delineation can only be made by putting together
the information obtained in a long series of observations. Microscopists who are not aware of this fact are not only puzzled, but
discouraged by the wide difference between what they see and what
they find drawn by other folks. The only remedy against disappointment is patience, and a knowledge of how to use the figures
which the best authorities publish. Those which we have now
copied from Stein's great work "Der Organismus der Infusionsthiere " will, no doubt, help our readers in their researches.
They must not expect to see too much at any one time, and though
very considerable reliance may be placed upon the figures, there may
be some things to correct, and it is certain there is still a great
deal to be learnt.
Stein describes the Stentors as " heterotrichal infusoria, with
elongated rounded bodies, funnel-shaped in front, and remarkable for
rapid changes of form ; with their hinder end, at the will of the creature, able to anchor it, or fix it to the bottom of an unattached case.
The peristome is terminal, and occupies the whole of the anterior
extremity ; its margin is deeply indented or bent in the middle of the
ventral side of the animal ; the peristome margin is thickly ciliated ;
the mouth lies in the deepest part of the peristome field ; the anus
is in the left wall of the body close behind the peristome. The
THERE
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and a complete delineation can only be made by putting together
the information obtained in a long series of observations. Microscopists who are not aware of this fact are not only puzzled, but
discouraged by the wide difference between what they see and what
they find drawn by other folks. The only remedy against disappointment is patience, and a knowledge of how to use the figures
which the best authorities publish. Those which we have now
copied from Stein'3 great work " De* Qrpmaavè Her Infasionsthicre " will, no doubt, heip o«r rrwiora ui tànr researches.
They must not expect to see too much *t *ny one time, and though
very considerable reliance may bo placed upon the figures, there may
be some things to correct, and it is certain there is still a great
deal to be lea nit.
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Stein describes the Stentors as " heterotrichal infusoria, with
elongated rounded bodies, funnel-shaped in front, and remarkable for
rapid changes of form ; with their hinder end, at the will of the creature, able to anchor it, or fix it to the bottom of an unattached case.
The peristome Ì3 terminal, and occupies the whole of the anterior
extremity ; its margin is deeply indented or bent in the middle of the
ventral side of tho animal; the peristome margin is thickly ciliated ;
the month lies in the deepest part of the peristome field ; the anus
1* in the loft wall of tho body close behind the peristome.
The
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peristome margin with its thick set cilia makes a right-handed spiral
with more than one turn/' Stein considers that the Stentors may
either stand as a separate family, or be united with Freia in a family
constructed upon a different plan to that of any other heterotrichal
infusoria. In Freia the mouth end is divided into two ear-like projections, and the spiral twist runs deep down in the funnel-shaped
portion. There are obvious points of resemblance between the
Stentors and the Vorticellina and Ophydium, but the differences are
still more important. The peristome of the two latter is constructed
on a different type, the peristome field projects above the margin,
and can be drawn in and out; the oral cilia form a left-handed
spiral. The bodies of Stentor and Freia are moreover covered with
cilia, and exhibit longitudinal bands.
The general aspect of the Stentors in different positions, with
their principal organs, will be readily apprehended by reference to
Plate I. given with this number, and to Plate II., which will appear
with the next number. In Plate I., Fig. 2, the peristome field, r, is
seen surrounded by the oral cilia, which are interrupted on the
ventral side, and form two curved portions distinguishable as right
and left bends. The right bend has its free end directed inwards,
towards the axis of the body. The left bend is curled towards the
mouth. Stein calls the termination of the left bend the perisiomech
or peristome corner. From this peristome corner the ciliary zone is
of uniform breadth to the beginning of the right bend, when it
gradually narrows, and the part surrounding the mouth is merely a
rounded line. When not in use the mouth-cilia are retracted and lie
in the furrows, shown in Plate I., Fig. 2, r.
When a Stentor attaches itself by its tail end, Stein says it does
not do so by any sucker, as no such apparatus is provided, but by
means of fine pseudopodia with projections put forth from the body
for the purpose. Sometimes a small depression may be seen, at this
end, as shown in Plate I., Fig. 10, but usually it is rounded off. The
pseudopodic projections have the appearance of a wreath of long
bristle-like cilia, and are shown in Plate II., Fig. 2, /. When free
swimming, no such projections appear.
The pocket-shaped hollow in which the mouth is situate, is
shown, Plate I., Fig. l,i,being the depression, and o, the mouth. The
mouth leads into a short, thin-walled, tubular, contracted, or bent
gullet, Plate I., Fig. 9, s. It is directed obliquely inwards and backwards, and, like the mouth, is capable of considerable extension.
The oral cilia are directed into the gullet, and form a long drawn
spiral reaching to its extremity. The gullet or œsophagal cilia are
VOL.
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difficult to discern as they are extremely fine, and lie in the direction
of this spiral.
The anal orifice lies on the left side of the body close under the
peristome margin. It is usually seen as a round bladder, shown by
the finer marking at z, Plate I., Fig. 2, and distinctly visible at z, Plate
II., Fig. 2, where the excrementitious matter is pouring out through a
wide round opening in the body wall of the creature, as Stein states
he has frequently seen slowly accomplished. After the contents of
the anal vesicle are ejected, the aperture closes, and scarcely a trace
of it is visible.
The contractile vesicle is shown in Plate I., Fig. 2,c; it lies below
the anus, a little deeper and somewhat nearer the ventral side, and
doubtlessly pours its contents into the anus, and is fed by a long canal
which extends towards the hinder part of the body on the left side,
and nearer the ventral than the dorsal side, Plate I., Fig. I,g ; Fig. 9,
g. This canal is scarcely ever visible throughout its whole length, but
is seen in various lengths interrupted at intervals. Frequently it
remains invisible for a long time. When considerable unbroken
lengths appear, they indicate a winding course, with longer or shorter
spindle-shaped enlargements, or with a strong expansion at either
end. The gradual flow towards the contractile vesicle of fluids collected from the tissues of the body, and their entrance into the
vesicle may be clearly seen, especially when the animals are
elongated.
The nucleus is very constant in form in the same species, and
affords the best specific distinction. It consists either in a string of
not very numerous and similar segments, as in Plate I., Figs. 1 and
9, w, or a twisted thread-like band, Plate II., Fig. 1, n, or a simple
round body (as in Stentors igneus, niger, and multiformis).
Multiplication by division follows the same rule in all species,
and occurs transversely, affording many points of resemblance to
what takes place in other infusoria. The process of sexual reproduction, Stein says, is not yet sufficiently elucidated. There are,
indeed, various accounts by different observers, but they are strangely
opposed to each other except as regards the well-established fact of
conjugation.
The longitudinal stripes which characterize the Stentors are
sharply defined, and run from the margin of the peristome in regular
order, without interruption, to the hindmost portion of the body. In
many positions, such as those which afford a side view of the body
when the peristome is completely enfolded, the course of these bands
may be distinctly observed right up to the oral ciliary wreath, and
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when the peristome is folded up, and inclined strongly towards the
axis of the body, the bands are seen sharply divided, with toothed
edges slightly inclined inwards, and a narrow stripeless zone appears
just under the oral wreath.
The width of the striped bands follows that of the body, being
narrower or wider, as the body varies. In fully outstretched creatures with expanded peristome, the striped bands have the greatest
breadth in front, and they grow so narrow hindwards that they can
scarcely be followed when the posterior end is reduced to a stiff
style, which often presents a smooth surface. As soon, however, as
the animals noticeably shorten themselves, and become top-shaped,
or pear-shaped, or merely globular, the striped bands become plain
from end to end. But it will frequently happen that one or other
of the stripes does not reach the hinder extremity, but wedges itself
between its neighbours, and disappears. Sometimes such a stripe
will reappear a little lower, widening or^shortening, adjacent stripes
on one side as it continues its course. On different parts of the
body it may often be seen that two adjacent stripes are parted for a
greater or less interval, and that the cleft is filled up with from two
to four stripes, pointed at both ends. In such cases a rupture has
apparently taken place, and the outpouring sarcode has organized
itself into the shorter intermediate stripes. For illustration of
interrupted stripes, see Plate II., Fig. 8.
In fully outstretched animals regular transverse stripes are
visible, and most plainly so on the broadest part. In strongly contracted individuals the body stripes form longitudinal raised ribs with
fine cross elevations {guerliócken). Many Stentors, such as Ceruleus
and Ròsellii, exhibit in a state of medium contraction a peculiar
condition of the stripes of the hinder portion. These stripes are
bounded by regularly curved and finely wriggling lines, sharply
exhibited when as is often the case, there is a large vacuole at that
portion of the body. Lieberkuhn first observed these lines, which
he took for veritable muscular threads (see Plate II., Fig. 7), and
E. Weber also thought them muscular fibres in a state of rest. If the
end of the body is flattened these wriggling lines change into the
ordinary long furrows, and appear only as transparent threads
bounded by contour lines, which Stein considers only folds of the
cuticle.
The contractions and expansions of Stentors always follow the
direction of the striped bands, and the varying forms of the body
result from their lengthenings or shortenings.
Stein proceeds to remark on the different degree of rapidity with
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which the Stentors change their shape. He also describes long nonvibratile bristles as regularly placed amongst the body cilia of many
individuals, and which were first noticed by Lachmann. These
bristles are longer or shorter, and suddenly spring up in places where
no appearance of them was previously seen, and in a similar way
they vanish, leaving no trace behind. At their base, or embedded in
the tissues of the body no capsular organ can be seen from which
they could emerge. Stein regards them as resembling the pseudopodial prolongations, which serve to fix the hinder extremity, and
says without doubt they are organs of touch. These bristles are
shown in Plate II., Fig. 1.
We shall continue the subject of Stentors in our next number.
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BY JOHN R. JACKSON, A.L.S.,
Curator of the Museum, Koyal Gardens, Eew.
COPAL is an article well known to commercial men, but the source or
sources whence it is derived are very imperfectly known to botanists.
The term copal is so generally applied to the better or clearer kinds
of resin, used for varnish-making, that it seems after all to be a
somewhat indefinite term, yet copal, anime and dammar, are
distinct commercial names for very distinct resins, and the sources
of all of them are more or less shrouded in mystery, indeed there
seems to be a similiar chronic doubt with many of our imported
resins, for olibanum and some others of that class have long been
subjects of inquiry amongst botanists and pharmaceutists, not only in
England but in other European countries. Several sorts of copal
are known in British trade, as Brazilian, Indian, African, etc., the
produce of different plants, but as an illustration of the difficulty of
solving the question accurately, as to the names of these plants, we
may mention that what is known in commerce as Bombay anime, is
not an East Indian product at all, but is sent to Bombay from
the East African coast, and then re-shipped to England, so that the
commercial name in this instance as in many others is no guide, but
rather leads us astray in reckoning upon the geographical position
of the plant. Dammar, or East Indian copal, is said to be the
produce of Valeria indica; piney resin, of which very little we.
believe is now imported, is said also to be produced from the same
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tree. Yet piney resin is very different in appearance to what is
commercially known as Indian copal, it is nevertheless a good clear
resin, and gives off while burning an agreeable fragrance, so that
the natives on the Malabar coast make candles of it ; ornaments, such
as beads, etc., are also made from it, and they much resemble amber.
Much of the dammar, as seen in our markets, is, no doubt, the produce
of Dammar a orientalis, a large coniferous tree, growing in the
Moluccas. Dammara Australis, a New Zealand tree, furnishes Kawrie
resin, sometimes known as Australian dammar, and Australian copal ;
it is dug up from a depth of two or three feet below the surface of
the ground. The natives are very quick in discovering it, probing
the ground with long iron spikes, and sometimes alighting upon
extensive beds. The resin is dug up in very large masses or blocks,
sometimes as large as a man's head.
In India many kinds of dammar are known, as for instance,
black dammar, said to be produced from Canarium strictum, Saul
dammar from Shorea robusta, and so on, the botanical sources of
many of which are unknown. What is known in commerce as
Brazilian copal is probably produced by species of Hymenæa.
Dr. Daniell, who resided some time in West Africa, and who
published a paper on copal in the "Pharmaceutical Journal," in
1857, classes the commercial sorts into three distinct kinds—East
Indian, American, and African. As regards the former, it has since
been proved as we have before said, to be sent originally from Eastern
Africa to Bombay, and re-shipped from thence to Europe. But the true
Indian copal or minul, and which is sometimes called piney resin, is
doubtless furnished by Valeria Indica. The American, Dr. Daniell
divided into two sections, Mexican or Brazilian, or North and South
American. Amongst the plants yielding this description of copal,
were enumerated, Idea, Elaphrium copalliferum, Dl., and B. excelsum
H.B.K., Rhus copallinum, L., Trachylobium JUartianum, Hayne, and
other species of Trachylobium. Whether or not, commerce is indebted to all these plants to increase the bulk of that resin, so
valuable in this country, we are not prepared to endorse ; but considering that the Hymenæa courbaril, L., is a well-known, indeed a
common tree, in the West Indies, Brazil, Guiana, and in short, in
most parts of tropical South America, and knowing that from this
tree exudes large quantities of a clear copal-like resin, it is not unreasonable to suppose that it may be one of the trees from which
our supplies of copal are obtained. Masses of this resin from the
Hymenæa, were exhibited in the British Guiana collections of the
International Exhibition of 1862, and in Paris in 1867. The trees

358

SOURCES OF COPAL.

which are known in British Guiana as Simiri or Locust, grow in the
forests of that colony to a great height, often reaching sixty or
eighty feet before a branch is given off. The lower part of these
gigantic trunks are supported by huge buttresses, a representation
of which is given by Martins, and copied at p. 551 of Lindley's
" Vegetable Kingdom." Even above these buttresses, where the
trunk is cylindrical, they have been found to measure as much as
sixty feet in circumference, and as regards their ages, it has been
computed they must have been large trees at the commencement of
the Christian era. The wood is exceedingly hard and dense, and a
good deal of it is brought into this country for use as treenails in
planking vessels, as well as for beams and planks for heavy engine
work. The gum or resin, which in the colony is called gum anime,
and which is of a very clear yellow colour, is said to be found only
by digging near the roots of the trees. Some specimens which
were shown in the International Exhibition, 1862, and which are
now in the museum at Kew, have not the slightest trace of the
fretted surface known as "goose-skin," which is found on the best
African copal, though the large masses or blocks have somewhat the
appearance of a stalagmitic formation, and a peculiar worn or dirty
appearance where it has not been made bright by recent fracture.
Air bubbles, channels in which pieces of stick have been imbedded,
insects, and such characteristics common to copal also occur in this
resin. Though digging near the roots of the trees is said to be the
usual way of obtaining it, it will nevertheless flow freely upon tapping
the tree, the juice exuding and hardening on the trunk, large solid
masses are quickly formed. That the trees are highly charged with
resin can be easily seen from the fruits themselves, the large woody
pods when dry are covered with little warts or irregularities, which
upon scratching will be found to be mere resinous secretions, simply
covered with a thin epidermis. The fruits of Trachylobium Mossambicense are much more highly charged with resin, for while the fruits
themselves are not more than a tenth the size of those of H. courbaril,
the tubercles are considerably larger, and consequently contain much
more resin ; further than this, the pods are not so ligneous, so that
the resin is more diffused amongst the tissues, this resin is of a very
light colour and'transparent, and burns freely with a clear flame.
Fine specimens of the bark of this tree (Trachylobium Mossambicense,
Kl.) with the resin in situ are in the museum at Kew, and were received
from Lieut.-Col. Playfair, during the period of his residence as
Consul at Zanzibar. The resin as seen in these specimens is of a
dusky exterior, but bright clear yellow fracture, scarcely so light in
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colour as Sierra Leone copal, and hardly so dark as that known as
Zanzibar copal. This difference in colour may be one of the distinctions between the fossil and recent resins, that exposed on the
trunk, being in a measure blëached by the action of light and air.
Erom the materials sent to Kew by Lieut.-Col. Playfair, a year or
two since, it seemed tolerably clear that Zanzibar copal was the
produce of Trachylobium Mossambicense, Kl., and Dr. Kirk, the present Vice-Consul in Zanzibar, has confirmed this in a recent letter.
His conclusions have been arrived at from a careful examination of
the plants, their position of growth, their res:nous properties, and
the care with which the resin is collected and sorted. These notes
of Dr. Kirk are exceedingly interesting, and were made during a
holiday trip on the African mainland, opposite the southern end of
the island of Zanzibar, where a large creek offers a naturally formed
harbour. The vegetation of the sea-shore is composed of Rhizophoras,
Brugueiras, Avicennias, |_Sonneratias, etc.
This characteristic
tropical vegetation, forms a belt or line behind which, and within
a few paces of the water's edge the ground suddenly rises to a
height of about thirty feet, from whence a flat plain extends inland
for a distance of about twenty miles. A section of this would show
a formation of sand, gravel, vegetable mould, and clay, and
occasionally beds of water-worn pebbles.
The vegetation of the neighbourhood of this creek of Dar Salam
is very varied, and among other hard, or heavy-wooded trees and
bushes, the Trachylobium Mossambicense is conspicuous from its white
flowers, and rounded head of glossy leaves. This tree is known to
the natives as the M'Sandarusi, or tree of copal. Dr. Kirk says,
" On examining the tree more closely, the trunk and main limbs
were seen to be covered with the clear resinous exudation now
brittle and hard; from the upper branches it dropped down on the
ground below, but not in a fluid state. To judge by the appearance it presented, I should say that the resin soon dries and hardens,
after being exuded, but must be easily broken off by violence.
Pieces of various tint and form were collected, some with insects
embedded, but all presented a smooth polished exterior, quite free
of any pitting, or " goose-skin," known on all kinds dug up from
the ground. This sort is known in trade as Sandarusi za m'ti, or
copal from the tree. It is exported in considerable quantity to
India, but not to Europe."
Dr. Kirk further believes that this same tree, the Trachylobium,
Mossambicense, is the source of the true Zanzibar copal, the halffossilized resin known in English commerce as anime, and which is
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one of the most valuable sorts for varnish making imported. In
the copal trade at Zanzibar alone, the merchants have three distinct
kinds, which they again subdivide into classes according to the
colour, form, surface, etc., for copal Has many peculiarities known
only to those who trade in the article, though sometimes these
peculiarities affect the quality and price of the resin. One sort, the
Sandarusi za m'ti, or tree copal, which we have referred to, Dr.
Kirk thinks never enters European commerce. It is gathered from
the trunk of the Trachylobium, which grows all along the coast
from Mozambique to near Lamo, or from 3° to 15° south lat. It,
however, occurs in greatest abundance between Cape Delgado and
Mombas, " but becomes very rare," we are told, " at a little distance inland, and quite unknown long before the change in geologic
structure offers an explanation for its absence." The sea-shore
appears to offer advantages for its growth, as the plant will not
flourish far inland. Another kind of copal is known to the merchants as Chakazzi, which has been by some corrupted into
"jackass." This resin, unlike the last, is dug from the ground, but
is apparently of comparatively modern deposit, being found either
near the roots of living trees, or in that part of the country where
the trees at present exist. It is, however, said that the source of this
quality of resin is found inland in extinct forests. This statement
Dr. Kirk receives with doubt, inasmuch as the traders constantly
mix this with the more valuable produce of the interior. The third
sort, known as the true Sandarusi, fetches the highest price, and is
the true copal, or anime of the English markets. It forms the
bulk of the Zanzibar copal, and is dug from the soil in extinct
forests farther inland than where the tree is now seen. These
forests extend '? all along the ancient sea-beach ; the maritime plain,
which here fringes the continent to a depth of twenty to forty miles
in general. Some spots are richer than others, and soils indicate
good 'diggings.' When the rains which follow the north-east
monsoon have softened the soil, the natives of the country commence to dig. They form small pits, searching the soil as removed,
but there is no system ; and, like the gold washings of Africa, so
the copal regions yield not a fraction of What a little system and
industry might produce. At present every clan-feud stops the
search. The producer receives, even when successful, only a trifle
from the Indian merchants, who again part with it, after paying
enormous dues to the Zanzibar state, to the European and American traders." The quantity of copal exported from Zanzibar has
been known to amount, in some years, to 800,000 lbs., valued at
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£60,000. The supply, however, of the best kind, namely, the fossil
resin, is unlimited. The extent over which it is spread is so considerable that almost any quantity might be collected with a little
system, and if more inducement to work was held out to the
labourers.
The conclusions to be deduced from Dr. Kirk's remarks are
these :—That Zanzibar exports three distinct kinds of copal, one of
which is always procured from the trunks of the living trees, and
is, therefore, never seen in a fossilized state, and that this resin is
never exported to Europe, the other two kinds alone finding their
way into English commerce. The first of these two, known in the
trade as Chakazzi, though always dug from the soil, is of modern
formation, as it is always found in the neighbourhood of existing
trees, and though slightly marked with the impress of the sand, or
" goose-skin," it has evidently lain only just long enough to receive
it. The second is the most valuable of all the kinds of copal known
in commerce. It is harder and less soluble than any other sort, yet
it produces a very elastic and brilliant varnish, and this sort is found
only in extinct forests. We will, however, give Dr. Kirk's conclusions in his own words :—" If we take into account the similarity
of recent and fossil resins in appearance, their near approach in
physical property, the fact that the recent gum, after being imbedded
in sand, takes the characteristic surface markings, and recollecting
that where now the good copal is dug as a fossil, the present copal
tree, in all probability, once grew, when the sea was nearer to the
hills than now. I think we may be satisfied that the present Trachylobium was the source of the old copal, which is the resin only
modified by time and long exclusion from air and light under the
ground."
The fact of insects, and other substances, being found in copal,
whether recent or fossil, is easily accounted for. The tenacity of
the resin, when in a semi-fluid state, readily entraps all bodies
coming in contact with it, and so with the continued flow and the
quickness with which it hardens, insects, and other substances, are
easily embalmed, and considering that the resin flows from the
underside of the principal branches of the tree, the fruits, flowers,
or twigs of the undergrowth, or lower vegetation, would be likely
to be caught by the exuding resin, and so preserved.
Dr. Kirk points this out as a very probable reason why some
portions of the plant of the Trachylobium itself is never found
embalmed, and adds that the heavy glossy foliage would be less
likely to adhere than the foliage and twigs of the smaller growing
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surrounding vegetation. From Dr. Kirk's letter, together with the
fine series of specimens recently received from him at the Kew
Museum, much light is thrown on the origin of the East African
copals, and we hope further researches will entirely clear up this,
one of the many tangled knots in Economic Botany.

VELOCITY OF CEREBRAL FUNCTIONS.
THE " Archives des Sciences " for April 15, contains a paper by
Dr. Adolph Hirsch, on M. F. C. Donders's experiments to determine
* the velocity of the psychical functions of the brain," as detailed
in the " Archives de Reichert et du Bois Raymond," and we extract
from it the following passages :—
" We know now that the brain requires about fifty-thousandths
of a second to distinguish and signalize the distinction between two
colours, and only fifty-thousandths of a second to distinguish between two vowels which are pronounced. What is more, M. Donders
has succeeded in separating these two psychical acts into their components, and he has found that the brain employs about Vs-th of a
second to recognize an impression, and ^th of a second for an act
of volition to signalize that the impression has been received. With
regard to the rapidity of perception in cases of hearing, sight, and
touch, and the duration of the functions of the cerebral organ, M.
Hirsch observes, ' I endeavoured to reply to the first of these questions in 1861, and the results which I obtained for the physiological
times of the different sensations have been since confirmed by
eminent physiologists, amongst them M. Donders, who gives as the
mean of his experiments for touch, -fth of a second, for hearing, £th,
and for seeing, £th. But this physiological time, as I have named the
interval between the excitation, and the signal given by the manifestation of perception, comprehends a greater number—M. Donders has
enumerated not less than a dozen—of acts, and divers functions of
the senses, the peripheral ganglia, the nerves, brain, muscles, etc.,
almost all have to be accomplished in this small fraction of a second.
It was important to separate as far as possible these different acts,
and especially to fix the time employed in the functions of the brain
for which only a maximum limit of ^th. of a second was known,
obtained by deducting from the total physiological time, the portion
employed in transmission by sensor and motary nerves. But what
was the minimum limit ?"
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M. Donders conceived the happy thought of intercalating in the
series of functions comprised in the physiologic time, certain fresh
terms of purely psychical action ; and this retardation evidently due
to the intercalation of a new act of the brain, has made us acquainted
with the duration of the latter.
M. Hirsch thus describes M. Donders's apparatus.
The
noematachograph is composed of a cylinder somewhat like that of
the phonautograph, on which tjme is registered by means of a
diapason making 261 vibrations in a second, and moved by electromagnetism, on the principle proposed by Helmholtz. These vibrations can be divided into fifths, and thus thousandths of a second
obtained. The time at Avhich the action which produces a sensation occurs, is registered by the machine, and likewise that of the
sensation experienced by the power experimented upon.
" The mode of accomplishing this varies according to the means
of excitation employed. W hen an inductive current is used to give a
slight shock or prick to any portion of the body, or to light up suddenly different letters, or when the spark is observed through
coloured glasses to produce the sensation of different colours, the
current itself makes its own registery by a spark passing between
the style of the diapason and the cylinder, through a sheet of blackened
paper, in which it makes a little hole. The observer registers his
perception by touching a key, which causes a style to mark the
cylinder. To avoid the error introduced by the variable time taken
by electro-magnets in attracting their armature, M. Donders prefers
a purely mechanical signal. The person under observation turns
aside a horizontal bar of wood carrying a point, which marks the
cylinder. By holding this indicator between two fingers and turning it right or left, two signals can be given to express different
sensations.
" In experiments on hearing, the sound produced by a spring
striking a pin springing from the cylinder, or by a diapason put into
sudden motion, or by the human voice, is registered by the phonautograph, or by a modification of Kònig's stethescope, over which
an elastic membrane is stretched communicating by two caoutchouc
tubes with two embouchures. One of these serves to transmit the
sound which is to be perceived, and by the other the patient reproduces
the sound he hears, so that the phonautograph registers both at the
same time below the chronoscopic line of the diapason. Acting
alternately upon the same excitation, by the hand and the voice, we
can determine and eliminate the difference of time in the two kinds
of signalling."
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The above descriptions are not very clear; but, in default of
better, we lay them before our readers. M. Hirsch continues his
paper by describing M. Donders's experiments :—
"It was first desired to find the time necessary for discriminating between two sensations of touch, and to express the distinction
by different signals. To accomplish this, two similar electrodes
were placed on the feet of the patient, and, by means of Pohl's
permutator, a slight electric shook; was given to the right foot or
the left, and the patient signalled his perception by the hand on the
same side. The experiments were made under two conditions—
either the patient knew beforehand which foot would be operated
upon, so that he could give the signal without waiting for reflection,
or he did not know on which side the shock would come. In the
latter case the physiological time was prolonged to the extent of
one-fifteenth of a second, and that is evidently the time necessary
for an observer to take notice of the side on which he was struck,
and, to co-ordinate with this idea the act of volition, to give the
signal with the corresponding hand/'
" In a similar manner M. Donders added to ^the sensation of
sight an alternative of perception and volition, by asking the patient
to make his signal with the right hand when he perceived an object
suddenly illuminated with red light, and with the left hand when it
was lit up with white light. In this case the psychichal action prolonged the physiological time occupied in the perception of light
O'154s. A similar result was obtained when the person experimented upon pronounced a letter suddenly exhibited to him. If
the alternative was only between two letters—a and i, for example
—the time occupied by the psychical act was 0166s., calculated as
a mean, and O- 124s., reckoned by the minima. When one out of
five vowels had to be distinguished, the time was longer : 0-1 70s. in
the mean, and 0*163s. if the minima were taken."
" Analogous experiments were made with hearing, by uttering
a vowel sound, which the patient repeated as soon as he heard it.
Sometimes the vowel to be employed was made known beforehand,
and at others not. When a distinction had to be noticed between
two vowels, the psychical time was 0*056s. reckoned as a mean, and
0*0628. reckoned by minima ; and when five vowels were employed,
the time was 0'086s. according to means, and 0'067s. according to
minima."
In experiments with two colours, the discriminating signals were
made with the hand, and by the voice with the vowel sounds ; this
caused the times in the former case to be a little longer than in the
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latter. M. Donders found that when the signal consisted in pronouncing the single vowel % the time was less than when pi, ti, lei,
had to be said. The retardation caused by p was 0*01 Is., by t
0-O22s., and by h 0*02Is.
It was found that the sense of sight required nearly three times
as long to distinguish between two letters as the ear required to
distinguish, between two vowel sounds. cc M. Donders tried with
success to separate the time required to distinguish an alternation
from that employed in a corresponding act of volition. He arranged
his experiment so that the patient was only required to act on the
perception of one out of several vowels which he might hear—the i,
for example, to the neglect of the rest. In this case, attention is
concentrated upon the perception of i. The mouth and all the
respiratory apparatus were prepared to pronounce i, and the patient
had only to give breath to it. No act of volition intervened in this
case;* all that was intercalated was the act of distinguishing i
amongst all the vowels which might be pronounced. In these experiments the psychical time was found shorter than when two
functions of the brain were interposed."
In experiments upon himself, M. Donders found an act of volition to require one-twenty-eighth of a second, and one of simple
distinction one-twenty-fifth.
" M. Donders made similar experiments by employing letters
seen and not heard ; and he found that to distinguish a letter seen
—one out of several not known in advance—does not require, sensibly, any more time than in the case of a sound heard ; while it
will be remembered that the entire psychical time is much greater
in the former case. He explains this greater rapidity, under the
circumstances specified, by remarking that the patient, having only
to act on perception of the letter i, had its image already present
in his mind."
M. Donders is now at work with another instrument—his " noematachometer." In this apparatus, a piece of iron is suspended by
a thread, and falls when the thread is burnt, interrupting an
electric current, and producing a spark which can be seen through
a hole. The interval between the spark and the shock produced
by the falling iron can be determined and regulated, and by means
of the instrument the time can be ascertained which the mind or
brain requires to decide which occurs first.
* The patient had already willed to give the signal, and only waited for the event.
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ASTRONOMICAL NOTES FOR JUNE.
BY W. T. LYNN, B.A., F.R.A.S.

Of the Royal Observatory, Greenwich.
MERCURY is well visible in the evening at the beginning of this
month, as he does not set, on the first day, until a few minutes past
10, and continues above the horizon more than an hour after sunset
during the first twelve days. He will be in conjunction with Venus
on the afternoon of the 17th, and arrive at inferior conjunction with
the Sun on the 24th. Throughout the month, he is in the constellation Gemini, and will be very near the third-magnitude star, e
Geminorum, on the 11th, about which time the planet is stationary.
VENUS is now again a bright object in the early evening,
setting, on the first day, at 8h. 38m., and on the last, not until a
quarter past 9. At the commencement of the month, she is in
Taurus, but will be in Gemini after the 11th day, passing very near
e Geminorum on the 18th, and S on the 2-5th.
MARS begins now to set somewhat early in the night, at 12h. 51m.
on the first day, and at llh. 16m. on the last. He is still in the
constellation Leo, and will be near the Moon on the 15th.
SATURN rises at the beginning of the month at 8 o'clock in the
evening, and at the end of it a little before 6. He is near the boundary of the constellations Scorpio and Ophiuchus, and never attains
any considerable altitude.
THE MOON.—New Moon occurs at 3h. 52m. on the afternoon of
the 10th day. First quarter at 2h. 15m. on that of the 17th; and
Full Moon at lh. 39m. on that of the 24th. Hipparchus and its
neighbourhood may be studied on the evening of the 16th, the
Apennines and Archimedes on the 17th, Copernicus on the 18th and
19th, Aristarchus on the 21st.
OCCULTATIONS.—The only star of any considerable magnitude
which is occulted by the Moon this month is fj, Sagittarii, which is
passed over by her, when within a few hours of being full, on the
night of the 23rd. The disappearance will take place at lOh. 53m.,
110° from the Moon's highest point, counting to the right hand, as
seen in an inverting telescope; the reappearance at llh. 56m., 132°
from that point on the other side. The latter phenomenon will be
very difficult to catch with accuracy.
WINNECKE'S COMET.—Since the re-discovery of this comet by
Dr. Winnecke on the 9th of April, it has been seen by several
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observers. The ephemeris calculated by Dr. Linsser was not far in
error, but whereas he assigned the 3rd of July for the time of
perihelion passage, it now appears that the real time will be a
few days earlier, or on the 30th of the present month of June. The
comet may perhaps become visible again for a short time in the
early morning after the perihelion passage, at the end of August
and early in September.
Dr. Winneeke's description of it when he first observed it, on
the 9th of April, was* that it was large and faint, as much as 6' or
8' in apparent diameter, and perceptibly, though very gradually, increasing in brightness towards the centre. It seemed as if occasionally fine points of light glimmered up in the nebulous mass, so as to
suggest the comparison to a resolvable nebula. Dr. Winnecke
observed it again on the 13th of the same month, and found it then
decidedly brighter, and fully 8' in apparent diameter. On the same
day it was observed by Drs. Bruhns and Vogel at Leipzig. Argelander had sought for it at Bonn, but it was not found until after
the account of Winnecke's observation was received. It was then
observed by his assistant, Herr Wolff, with the heliometer, on the
11th, 12th, 13th, and 14th of April. On the first two of those days
Argelander states that he himself could scarcely more than guess
he saw it, so great was its faintness.
The comet, so far as we are at present aware, was not seen in
England until nearly the end of April. Mr. Hind had searched for
it systematically with the Twickenham equatorial for more than a
month, and it was seen by his assistant, Mr. W. Plummer, on the
29th of April. Mr. Hind, in a letter to the writer, dated May 6,
states that its diameter in his instrument was then not more than 5',
and that there already appear to be indications of contraction of the
coma, for observations of which phenomenon during the approach to
perihelion this appearance of the comet is very suitable.
It was also found on the same night as at Twickenham (the
29th of April) by Mr. Wortham with his six-inch achromatic at
Royston. To him the comet had the appearance of "a faint
nebulous patch of some apparent size, brightening up occasionally
towards a centre ; not circular, and with no visible nucleus."
Dr. Weiss also observed it at Vienna on the 29th of April. The
observation was, he states,? very uncertain by reason of the
comet's faintness, and extremely diffused appearance, destitute .of
any nucleus.
* " Astronomische Nachrichten," No. 1753.
t "Astronomische Nachrichten," No. 1755.
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Linsser has published a new ephemeris, aster correcting the
elements by means of the recent observations of Winnecke. The
comet continues to approach nearer the earth during the whole of
the present month, at the beginning of which its distance from us
is about forty millions of miles. As it may be observed on favourable nights for the first fortnight by those who have good optical
means at their disposal, we give a few approximate places of it from
the 1st to the 13th day. It will be noticed that it is nearly stationary
in declination :—
DAT.
June 1
„ 3
»
5
» 7
*
9
» 11
„ 13

E.A.
h. m.
9 33
9 31
9 28
9 24
9 19
9 14
9
8

N.P.D.
o
/
53
53
53
53
53
53
53

8
8
8
8
7
7
8

These places carry the comet through parts of the constellations,
Leo Minor and Lynx ; and it will be very near the fourth magnitude
star, a Lyncis, on the night of the 12th.
COMETARY THEORY.—Now that we are again on the subject of
comets, a few words may be expected on the views recently put
forward by Professor Tyndall on cometary theory. His idea is that
a comet is composed of vapour decomposed by the solar light, the
visible head and tail being an actinic cloud resulting from such
decomposition, and the tail consisting of matter precipitated on the
solar beams traversing the cometary atmosphere. The projection
of the tail in the opposite direction to that of the Sun he explains
by the antagonistic action of two known agencies of the sun's
rays—an actinic power tending to produce precipitation, and a
calorific power tending to effect vaporization. Where the former
prevails, we have the cometary cloud : where the latter prevails, we
have the transparent cometary vapour. " That precipitation should
occur behind the head of the comet, or in the spaces occupied by
the head's shadow, it is only necessary," he says,* " to assume
that the Sun's calorific rays are absorbed more copiously by the
head and nucleus than the actinic rays. This augments the relative
superiority of the actinic rays behind the head and nucleus, and
enables them to bring down the cloud which constitutes the comet's
tail."
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It has been well remarked by Mr. Gibbs* that this theory,
which accounts for so many of the phenomena presented by comets,
fails in one or two points which are of great importance, particularly
the out-streaming of matter towards the Sun, which has been in
several instances observed prior to the formation of the tail behind
the Sun. On this first outstreamed matter, in the case of Halley's
comet, Bessel made a number of very interesting observations;
and it was chiefly on an oscillatory motion which it appeared to
have about a certain point in the comet, that he founded his theory
of a polar magnetic force existing between the Sun and the comet.
There is no doubt whatever that the Sun does exert two forces
of opposite character upon comets—those at least which are possessed of tails ; and the constitution of these is probably, in many
respects, different from that of those whose appearance is simply
nebulous. We cannot suppose all the matter in the universe to be
ponderable, or subject to the law of gravitation ; but that the
material of comets is so is clear, from the fact of their circulating
round the Sun, which therefore attracts them in the same way as he
does the planets. The appendages carried by the so-called tailed
comets prove (since their principal and ultimate direction is always
from the Sun) that in these there is also manifested a repulsive, as
well as an attractive solar force ; and Bessel was able to determine,
in the case of Halley's comet, that the former was twofold the
intensity of the latter. That the main features of his theory are
true, we have little doubt ; how far they may be modified by the
increase of our knowledge gained by the future appearances of
large comets, it is impossible to say. In the case of Donati's, a
mutual action between the comet and some of the planets was
shown to be productive of remarkable changes.
It has been
remarked that the comets which have exhibited the finest tails
(such as those of 1680, 1811, and 1858) have been those, the orbits
of which are the most eccentric. Now in these cases the solar
action must of course differ enormously in its amount in different
parts of the orbits ; and we can easily imagine the immense disturbance to which a mass of matter that had acquired a certain state
of cohesion must be subjected in its rapid approach, when near
perihelion, to the prime mover of the planetary system. That a
very great volatilization of its particles must take place is evident,
but we know too little of the ponderable resisting medium,
which in all probability exists in space, to be able to explain the

* "Philosophical Magazine," Vol. xsxvii., p. 245.
* " Philosophical Magazine," Vol. xxxvii., p. 404.
VOL. III.—NO. V.

B B

370

ASTRONOMICAL NOTES FOR JUNE.

WOMANKIND.

way in which the volatilized particles are scattered.
Some are
driven bade by the Sun, after, as has in several instances been
proved, a streaming out towards him.
Some, as has recently
been shown by meteoric investigations, are left behind by the
comet, and form, more or less completely, an elliptic ring
along the circumference of its orbit.
But it is time to take
leave, for the present, of a subject with which so much mystery
is still connected.

and a maximum is due about the 18th of this month. In this
country the star will be low in the heavens in the evening, and set
about midnight.

VARIABLE STARS.—A considerable number of the known variable
stars may be expected to reach their maximum of magnitude some
time in or near tho present month. They amount, in fact, to no
less than ten—in order of probable length of period, S Vulpeculæ,
U Geminorum, R Ceti, R Sagittarii, R Leonis, R Tauri, R Capricorni, S Virginis, S Tauri, and T Cancri. But the greater part
of these are not in places which will, in this country be above the
horizon in the first part of the night during the present month.
Moreover the nights of June are not only short, but are never
entirely free from twilight, so that the observation of stars of any
considerable faintness is impracticable. We shall, therefore, merely
recall the state of knowledge respecting the most interesting of
these variables.

U Geminorum never attains a brighter magnitude than the 9th,
and its place (R.A. 7h. 47m. 20s., N.P.D. 67° 39') is not favourablo
for observation at this time of the year, as it sets in this country
only about two hours after the Sun. Its great changes of magnitude make it a very interesting star, as it goes down to less than
the 14th magnitude when faintest. A valuable series of observations by Mr. Knott, made in the month of December, 1867, will
be found in vol. xxviii., No. 3, of the " Monthly Notices of the
Royal Astronomical Society."
That gentleman remarks, " The
rapidity with which this remarkable star goes through its changes,
the irregularity of its period, its hazy appearance and peculiar hue,
and the curious fluctuations of brightness in short intervals of time
which have been sometimes observed, point it out as an object well
worthy of careful attention on the part of astronomers." There
appears reason to doubt whether the period of this star (whose
variability is one of the many discoveries of Mr. Hind) is 97
days, or only the half of that interval, i.e., 49 days.
R Leonis (R.A. 9h. 40m. 30s. N.P.D. 77° 58') is remarkable
for the extraordinary redness of its light. It is, when brightest,
just visible to the naked eye, being of nearly the 5th magnitude,
but descends from that to the 10th. The period is about 313 days,

371

S Virginis. This star, whose place is R.A. 13h. 26m. 10s.,
96° 31', will be on the meridian of London about eight
o'clock in the evening in the middle of the present month. Its
magnitude varies from the 6th or 7th to the 11th, and will be at the
greatest either late this month or early in the following. The period
exceeds a year, and is supposed to amount to nearly 374 days.
N.P.D.
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are now at the close of the Middle Ages, and have arrived at a
new period of transition, the result of which was the formation of
modern society. From without, a new element has come in to contribute to the general agitation in the revival of classical feeling, and
historical and antiquarian writers seem agreed in giving to this
period the title of the Renaissance.
At the beginning of the fifteenth century, feudalism itself may
be considered to have perished, though its outward forms not only
remained, but were much exaggerated in their character.
The
chivalrous spirit was gone, but the ostentation and extravagant
display, the pride, the selfishness, the license, the ferocity, which
has entered so largely into it, were there still. This was especially
remarkable in France, which was always looked upon as the centre
of feudalism. The effect of feudalism was, as it has been more
than once remarked, to give a uniformity of character, at least
outwardly, to the different peoples who entered into it, and we have
had occasion to remark more than once how much this character
prevailed throughout feudal society. In fact, there was one great
model of social manners, which was France, and this feeling
was so strong that it has left a certain impression down to
modern times.
The change began to take place very rapidly
under Philippe de Valois, whose reign presented a series of
WE
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events calculated to destroy the feudal unity. Feudalism in its
military spirit perished on the field of Créci (1346). Philippe
left his country, devastated by war, nearly reduced to poverty, and
wasted by one of the most fearful pestilences that had yet visited
it, to a prodigal and reckless successor, in King Jean, who only
increased its disasters. Jean offered himself as the champion of
feudalism, and in the belief that he was restoring it, he only hastened
its fall. The last spark of the chivalry of feudalism appears to
have expired in the ranks of the free companies. Jean died a
prisoner in England, and left France to a king, Charles V., who
possessed those qualities which procured him the title of Charles
the Wise. He did much towards restoring his country, but not
towards bringing back feudalism ; but he was followed by a weakminded and extravagant prince, under whom the kingdom was
abandoned to extravagant licentiousness on the part of the court
and the nobility, and to turbulence on all sides, all which ended in
the king's madness. Thus opened the fifteenth century in France.
The first quarter of the fifteenth century was in France a period
of extreme misery. It was a period of civil war and of invasion from
abroad ; of open and reckless debauchery and extravagance, in which
the country was impoverished and industry ruined, and all social
movement was at a stand. The good qualities of Womankind were
neither valued nor respected, nor even protected, but, on the contrary, they were universally exposed to contempt and outrage.
During the whole of this period a continuous succession of famines
added to the general distress.
It was during the period of which" [we have taken this rapid
glance that the change in the forms and character of the dress of
both sexes began to be frequent. It began with the reign of
Philippe de Valois, when new forms and new ornaments were given
to the female costume, and richer materials were continually introduced. The spirit of extravagance, moreover, spread itself through
all classes ; and, in spite of sumptuary laws, the commons sought to
rival the aristocracy in their extravagance. Neither did the disasters
of the reign of Jean, nor the austere simplicity of Charles V., do
anything to arrest the evil which, under Charles VI., became greater
than ever. Towards the middle of the fifteenth century, the country
began to recover itself, and great efforts were made to revive trade
and industry. The display of rich as well as elegant costumes
increased everywhere. Workmen were brought from Italy and the
East, and materials of a much richer and more expensive description
were now manufactured in France. That country began to have

its own factories of cloth of gold, of silks, of brocade, of damask,
and of grogram ; and cotton, too, was now brought into use in the
manufacture of cloth. The use of silk became every day more
general among the commonalty.
It win be well to give a rapid glance over the changes in general
character of costume in France during these ages of turbulence, and
during the period which immediately followed. Under Charles VI.,
the robes and the houppelande were the principal articles of female
dress, answering to the older tunic and the outer tunic. The
houppeland was common to both sexes ; but the men's houppeland
was closed behind, and that of the women before. The women's
dress was generally loose and spreading, and they affected excessively long trains. Under Charles VII., the modifications in the
female costume were chiefly imported from Italy. The ladies sought
more and more to show the forms of their bodies, and they wore a
close fitting body, and petticoats and dress shortened so as to show
the feet and lower part of the legs. At this time the custom of
painting and dying the hair prevailed more generally than before.
Louis XL sought to repress the extravagance and love of display
which had exercised so fatal an influence over his kingdom, and he
not only discouraged them in others but he himself set the example
of simplicity in his dress. This, indeed, was carried to an excess,
and it is said that even in personal conference with sovereigns who
came dressed in rich stuffs covered with gold and precious gems,
Louis was seen in an old doublet of gray fustian, and a shabby felt
hat. Towards the latter end of his reign, however, he appears to
have affected more elegance of attire, and his successor, Charles VIII.,
returned to the old taste for extravagance. The close dresses
appear to have been only partially adopted, and and the spreading
dress was still worn, so that at the same time some appeared in
dresses which fitted so tight as to show the form of the body and
limbs minutely, while some went to the other extreme and wore
them unreasonably wide and flowing. But at the close of the century the close-fitting dress gained the mastery, and has influenced
more or less the form of the dress from that time to the present.
The more zealous of the clergy, in their sermons, were indefatigable
in their declamations against the old extravagance, and against the
old costume. The long trains, or tails, as they called them, especially provoked their indignation. One of the best known of them,
Oliver Maillard, preaching in Paris against this fashion, towards the
end of the fifteenth century, said, " And you, my ladies, who are
painted, who carry your tail lifted up, and you, gentlemen, who
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suffer your daughters to wear tails, do you believe then that people
go into paradise with such dresses ?"*
The general character of the costume became more refined in
the reign of Louis XII., who ascended the throne of France in
1498. Our cut represents this monarch with his first queen, Anne
of Britany, and their daughter the Princess Claude. It is given

LOUIS XII. AXD

OF BEITANY.

by Willemin, from a large illuminated manuscript of a translation
into French of Petrarch's Latin treatise De remediis utriusgue
fortunes, executed in Rouen in 1503, and now preserved in the
Imperial Library at Paris. It will be seen at a glance that we have
* Et vous, mesdames les fardées, qui portez la queue troussée, et vous, messieurs
qui souffrez que vos filles portent des queues, croyez-vous donc qu'on entre en Paradis
avec une pareille toilette.
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here in both figures costumes entirely different from those which we
have contemplated during the feudal period. The king wears a
gown of yellow damask, his sleeves are black, lined with dark fur, and
he has violet stockings. His hat is black. Anne is dressed in tho
costume which she herself introduced into the court of France.
She wears on her head the small flat hood, à la mode de Bretagne,
which was called the cape Bretonne. Her robe is black, with very
spacious sleeves, lined with brown fur, of tho fashion which was
termed à la grand' gorre, which -we may, perhaps, translate, of the
first style. Her robe is hollowed square on the breast, and ungirt,
or merely furnished with a loose girdle resting on the hips. The
whole of the costume represents striotly the beginning of the sixteenth century. Still, at this period, it appears that even a queen
did not think it beneath her dignity to nurse her child. The Princess Claude was at this time about three years of age.
In our next cut, we see Anne of Britany again, attended by the
ladies of her court. Jean Desmaretz was. one of the literary men
of the day, who is not unknown to fame. He wrote a book on the
victory of Louis XII. over the Genoese in 1507, a copy of which he
is here represented as presenting to the queen. Our out is taken
from an illumination in the identical manuscript of this book which
the queen thus received from its author, and which is now preserved
in the Imperial Library in Paris. Her cape Bretonne is here adorned
with pearls, and she wears a sort of girdle which was called a Cordelière, because it resembled that of the Cordeliers, or Franciscan
friars.
As I have already stated, the feudal system was broken down,
and the different nationalities which composed it wero separated
and scattered, to follow their own fortunes, form their own national
sentiments and character, and, as far as circumstances led them,
assume their own costume. The struggle between the old and tho
new, under which feudalism expired, differed more or less in each
of these nationalities, according to the characters of the peoples.
In France, vanity, and the love of display were the national
characters, and the aristocracy there were proud, and excessively
extravagant and licentious. There was no respectable middle class
between them and the populace to hold them in check, for the
action of the burghers hardly extended beyond their own towns,
and their strength was chiefly expended in the defence of their own
walls, or of their own municipal privileges, and that strength was
exhausted in the spoliations and massacres of the civil wars of the
fifteenth century. Thus the only two rival powers in France were
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the crown and the aristocracy, and the personal imbecility and folly
of the kings during this period gave the easy mastery to the
nobles. But these weakened and demoralized themselves by their
own license and extravagance, and they were not united, but displayed a continual tendency to separate and act against one another.
They seemed to be actuated in their relations to one another by no

JEAN DESMABETZ PRESENTING HIS BOOK TO ANNE OP BRITAUY.

other motive than individual selfishness. They hung to the wasted
shadows of feudalism, and talked loudly ot chivalry, but they only
meant by it wild, exaggerated extravagance, which left them
exhausted. It was a thing displayed in great feasts and tournaments, in which one of the great nobles would spend at once the
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collective amount of his income for several years. To 'supply this,
he was obliged to borrow and plunder, in which the king and the
nobles followed exactly the same course ; thus both they and the
people who depended upon them became hopelessly impoverished.
Although eventually, after a long period of social debasement, the
country recovered itself, a national character was left upon society
in France, which endured to a very late period. In those melancholy times, as it has been remarked, every one seemed to be trying
to prove who could ruin himself first. The court which, in this
respect, rivalled most closely that of France, or perhaps, exceeded
it, was that of Burgundy. The prodigality of Duke Philippe was
so extraordinary, that though he was by his own territory the richest
prince in Europe, besides the immense sums he had realized by
plundering the treasury of France, when he died in 1404, left a debt
so vast that all the goods he possessed were quite insufficient to
pay it. As was customary in such cases, his duchess, with the
due formalities, and in the [presence of a notary, placed upon the
coffin of her husband her girdle with the gipcière, or purse, and
the keys attached to it, a ceremony by which she was understood
to surrender his goods, said to be of inestimable value, to hi3
creditors.
The case was otherwise in England, where the struggle with
feudalism had been of a different character. Here the crown had
never been overcome by feudalism, and, on the other hand,
from the earliest times, the English barons had always
possessed a greater amount of public spirit and of popular
sympathies than was ever shown by their brethren in France.
Society was different in our country, and from a rather early period
there was gradually forming a middle class of landed proprietors—
perhaps we may call it a lesser aristocracy—which was becoming
more and more independent, and which was finally represented by
the country gentleman. In that interesting monument of our old
English society, the " Paston Letters/' we contemplate the English
gentleman as he existed and lived in the fifteenth century, and we
are struck with the bold, straightforward honesty of his character,
no less than with the intelligence, purity, and good sense of his
wife and daughters. They were the women of the manor-house,
who were to take the place of the women of the castle. The
independent power of the English gentleman, as a class, was not yet
very great, for his position placed him still, more or less, a dependent
on his feudal superior. The great mass of the land in England was
then possessed in very large portions by two classes of landlords,
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■—the old feudal barons and the monastic orders. Feudalism at this
time no longer existed, except in some of its forms, but the landed
propert}', and, of course, the influence, of most of the great nobles
was immense, and when, in the vicissitudes of the civil wars, or for
any act of treason or rebellion, it was confiscated, it was, in most
cases, only to be regranted to another individual of the same class.
But another and far greater confiscation was approaching, which I
cannot but look upon as one which conferred a greater benefit on our
English society than any other event wo know. Henry VIII. dissolved the monasteries, and seized into tho hands of the crown the
whole of their possessions, the total amount of which had become
enormous. Instead of giving back these lands to the great barons
from whom they had been originally taken, Henry distributed them
among the middle class of landed proprietors, and thus raised them
as a balance to the power of the groat barons, securing at tho same
time the safety of the crown and the tranquility of the country.
Feudalism had now entirely disappeared in England, and it had not,
as in France, left a broad noxious shadow behind it. At present I
leave the English woman of the manor to another chapter.
To these different processes of formation, no doubt, we owe the
difference of tone and character which distinguished French from
English society after the fall of feudalism. In the earlier ages of
feudalism the difference was, probably, not so apparent, but the feudal
barons in England never, except in particular and individual cases,
ran into the same license and extravagance as in France. One of the
influences of feudalism on society may, perhaps, still be traced. It
has been remarked on a former occasion, that, under feudalism in
its flourishing period, the outward forms of society were nearly
uniform through all the countries which belonged to it. France
was the acknowledged centre of feudalism, and was looked to as
the model for its forms and institutions to the rest ; and there can
be no doubt that, at a distance from tho centre—in England, for
example—every form was considered more perfect the nearer it
resembled the model. English men and English women of the
feudal class sought tho fashions of their furniture, of their dress,
from France, and this feeling was continued long after feudalism had
lost its power. We seek our fashions in France at the present day,
and we no doubt did the same at the end of the fifteenth century.
MM. Lacroix and Sere, in their great work, "Le Moyen Age et la
Renaissance," have given a plate of figures of this period, which they
profess to have taken from English sources, and of which I give
three in the accompanying cut. Though their costume can hardly
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be said to be uniform, yet they exhibit a general similarity in
character which is evidently copied from the French : the same
close-fitting bodies of the robe, and the same wide sleeves. Our
next cut is taken from a painting by Holbein, on the wall of the

ENGLISH LADIES 01' THE END 01" THE FIFTEENTH CENTURY.

privy chamber in the palace of Whitehall, and forms, in the original,
part of a picture, representing on one side Henry VIII. and his
father, Henry VII., and on the other their two queens, Jane
Seymour, to whom the former was newly married at the time when
this picture was painted, and Elizabeth of York. We may, therefore, consider these dresses as representing the highest perfection
of female fashion in England in those reigns, and we recognize
them at once as copied from the French costume of the reign of
L ouis XII., as represented in our two former cuts.
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At this period there can be no doubt that, through a variety of
circumstances, Western Europe had greatly increased in wealth
and material prosperity. The riches of America had begun to pour
in as a new element to promote the movement.
It has been
remarked that the sixteenth century opened with a great expansion of arts, which had become more and more secularized, and was
sought eagerly by all classes of society. The taste for show and
luxury increased and spread, and there was more display of ornament, not only among the superior classes of society, but among
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embroidery and of cloths of gold, and silver had become extravagant beyond measure, and extended to all classes of society ; for,
in defiance of the sumptuary laws and edicts, which were very

QUEENS OF HENRY VII. AND HENRY VIII.

the wealthier bourgeoisie. The richness and variety of the materials
of dress exceeded those of the previous periods, and were in much
more general use. Much of these richer materials were supplied
from Italy. We are told that the average value of silk stockings
imported annually from Italy into France amounted to no less a
sum than 800,000 écus ; and the Italians carried off the wools of
Languedoc, Provence, and Dauphine, to sell them back transformed
into stuffs of the most delicate workmanship. The employment of

A BURGHER'S WIFE AND "A TRADER'S.

numerous in that age, people of all ranks wore what they liked.
These sumptuary edicts were nevertheless continued with vigour
through the whole century, and even into the next. One of the
later of these edicts, issued by Henri IV., is rather curiously
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worded :—" We prohibit/' he says, " all inhabitants of this kingdom to bear either gold or silver on their clothes, except prostitutes
and thieves, in whom we do not take interest enough to trouble
ourselves about their conduct." *
There is in the Imperial Library in Paris a very curious copy oî
that curious idea of the close of the Middle Ages—the "Dance of
Death "—painted at the end of the fifteenth century, and picturing
with great care the dress and appearance of the different classes
and ranks of society at that time. From this manuscript Louandre
has given two figures, which are here reproduced in our cut. The
one to our left is given as a bourgeoise, or the wife of a respectable
burgher, and the other as a tradeswoman (marchande). Their dresses
are sufficiently elegant, and are evidently copied from those of the
superior classes.
The head-covering, or cap, is in both cases
black. The bourgeoise has a pink robe, with yellow sleeves lined
with red. The dress of the marchande is blue, with white sleeves,
also lined with red, and she has puce-coloured petticoats underneath.
Among the populace wo can hardly expect to find much change
in costume, for their dresses were made individually to last during a
period which would witness many changes in fashion among the
superior class.
The English poet Skèlton, writing at the time
of which we are now speaking, says of his heroine, Elynour
Rummyng,—
Her huke (cloak) of Lyncolc grene,
It had ben hers. I wencj
More than fours y yere ;
And so doth it apere
Tor the grene bare thredes
Loke lyke sere {dry) wedes,
"Wyddered lyke bay,
The woll worne away.
Skelton's Poetical Works, ed. Dyce, vol. i., p. 97.

And so with the cloak, in a well-known old ballad, printed in
Percy's Reliques,—
2Iy cloake it was a verry good cloake,
Itt hath been alwayes true to the wcare,
But now it is not worth a groat ;
I hare had it four and forty yeere.

Our cut is taken from a painting of the time, now preserved in the
private apartments of Windsor Castle, representing that celebrated
* Nous faisons defense à tous habitants de ce royaume de porter ni or ni argent sur
les habits, excepté aux filles de joie et aux filous, ìl qui nous ne prenons pas assez
d'intérêt pour nous inquiéter de leur conduit.
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interview between Bang Henry VIII. of England and François I.
of France, in the month of June, 1520, between Guînes and Ardres,
which was known as the meeting of the Champ du Drap d'Or. The
whole picture has been engraved by the Society of Antiquaries. I
give here a few of the female figures, who are seated in the fore-

WOMEX OF THE PEOPLE.

ground, drinking. As the painting is the work of an English
artist, we may no doubt consider these as English women belonging
to the populace. It may be remarked that the same kind of bowls,
or dishes, for drinking, are seen in a contemporary picture of the
battle of Carbery Hill, where the friends of Mary, Queen of Scotland,
were defeated, also engraved by the Society of Antiquaries.
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month we have to record the discovery in the CITY OP
of the remains of one of those noble TESSELATED PAVEMENTS
which formed the floors of the principal rooms in the great Roman
houses. For months the work of demolition has been going on to
clear the way for the formation of the new street from Blackfriars to the Bank, but much fewer discoveries of antiquarian
interest were made than might naturally be expected, for the line
runs over very interesting ground. There can be little doubt that,
in the Roman City of Londinum, the whole space extending from
Bucklersbury and Cheapside, over Fenchurch-street, Leadenhallstreet, Bishopsgate-street, Broad-street, and Lothbury, and in the
central part of which now stand the Mansion House, the Bank of
England, and the Royal Exchange, was covered with the more
stately of the Roman dwelling-houses.
When excavations
have been required in any of the localities just mentioned, to a
sufficient depth, generally for sewers, or for the foundations of buildings which required deep cellerages, they have invariably brought
the excavators upon the beautiful tesselated floors of the Roman
houses. These lie at an average depth of from twelve to fifteen feet,
varying according to circumstances attending the accumulation of
the earth above them. Unfortunately for our archæological prospects, it has not been necessary to dig so deep in the process of
laying the new street. Not many days ago, however, as the workmen were digging rather deeper than usual in what will be the
extremity of the new street towards the Bank, on the site of the
uppermost house in the Poultry, and close adjoining to the Mansion House, they uncovered a piece of very fine mosaic or tesselated work, which appears to have been the central ornament
of a floor of some extent. It bears some resemblance to the centre
of the pavement found in 1854 under the Excise office between
Bishopsgate-street and Broad-street, of which an engraving is
given in Mr. Roach Smith's valuable work, the " Illustrations of
Roman London."
It is, we believe, intended to uncover the
remains with care, and to a greater extent, and we are very glad
to hear that it is contemplated by the City authorities to cause this
piece of pavement to be preserved by laying it down in the City
Museum. On one side the remains of walls mark the extent
of the room, which had—which is so often the case in some
of the principal rooms in the Roman mansions—a semicircular
apse at one end. There are reasons for believing that this semiTHIS
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circular recess was separated from the rest of the room by a curtain,
or something of that sort, and that it contained the images of the
household gods, under whose protection the family had placed
itself.
We are glad to state that Lord Lytton has accepted the
presidency of the BRITISH ARCHÆOLOGICAL ASSOCIATION for the
ensuing year. The annual congress will be held at St. Alban's,
but the exact date has not yet been fixed. With a locality offering so much antiquarian interest, and at such a convenient
distance from the Metropolis, there cannot fail to be a good
meeting.
The papers announce some discoveries relating to FLINT
IMPLEMENTS AND FLAKES, found in what is known as the "Hessle
clay," at Kelsea-hill, in Holderness. Geologists have been greatly
puzzled at finding these worked flints in a formation of the late
post-glacial period, so immensely older than the wide river gravels
of the palæolithic age. We are now informed that recent visits
by the Rev. J. T. Rome, of Hull, the Rev. W. S. Symonds, of
Pendock, Tewkesbury, and Sir Charles Lyell, have led to the discovery that the clay yielding these flint implements is not the
Hessle clay proper, though derived from it.
The deposit is
regarded as consisting of the washings from old Kelsea-hill, and
thus the highest geological authority gives a relative date to the
clay which makes it probably not older, and perhaps more recent,
than the flint-bearing wide river sands of York and Malton.
Signor Fontana, the sculptor, has just finished a colossal statue
of JOSEPH MAYER, of Liverpool, the antiquary, and still more the
friend of antiquaries. For many years past, Mr. Mayer has been
well-known for his activity in purchasing, and saving from dispersion, and consequent loss, collections of antiquities of great value
for the history of our country. It was he who bought the Faussett
collection of Anglo-Saxon antiquities, dug from the Kentish
barrows, presenting the most important mass of materials we have
for the history of our Anglo-Saxon forefathers during their ages of
Paganism. The Mayer Museum, at Liverpool, was known among
antiquaries over the whole world, and few individuals could say, as
he could, that, besides labour and time, he had expended, we believe,
altogether considerably more than fifty thousand pounds, in what we
cannot but consider as so patriotic an object. Mr. Mayer, as it is
generally known, has given this magnificent collection to the town
of Liverpool, where it now forms a permanent institution. The
corporation, as a lasting mark of the town's gratitude, have
VOL. in.—NO. v.
cc
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resolved on placing a statue of Mr. Mayer in St. George's Hall ;
the execution of it was entrusted to his friend Giovanni Fontana,
who has performed his task with extraordinary success.
The
statue of Mr. Mayer, which was on private view at Signor Fontana's studio, in King's-road, Chelsea, during the earlier part of the
present month, is an admirable likeness, and the sculptor has given
to it an amount of graceful elegance which has seldom been effected
with the stiff costume of the present day. We believe that this
truly fine work of art has by this time reached its destined home at

SIGNALLING IN RAILWAY TRAINS.—Various methods of signalling in
railway trains have been suggested ; some include the use of electricity,
others, various arrangements of the rope ordinarily in use. The invention now described appears to be one likely to accomplish the object
proposed. It consists of a tube which extends from end to end of
the train; this tube contains air, which can be either exhausted or
compressed by means of a pump, bellows, or similar machine, worked
by the axles of the tender or carriage, or from some moving part of
the locomotive. A bell, or sounding apparatus, is fixed upon the engine
or tender, and in each of the guard's vans, and is so arranged that it
can be made to sound instantly, as long as the train is in motion ; the
power for working the apparatus being supplied by the wheels or other
parts of the train in motion. A further arrangement is so made that
whenever the vacuum or pressure is maintained, the bell, or sounding
apparatus, is silenced either by its being thrown out of gear, or by the
hammer being removed out of its reach. By this arrangement, so longas the train is in motion, and the vacuum or pressure is maintained, this
sounding apparatus remains silent in consequence of its being out
of the influence of the hammer ; but if the guard, or passengers, in
in any part of the train, destroy the vacuum or pressure, by opening a
valve provided for the purpose, the bell immediately sounds, and a
signal is given, and continues to be given, as long as the train is in
motion. Mr. Josiah Clark, of Sydenham Hill, is the inventor of this
apparatus.
MATERIAL FOR COVERING BOTTLES.—This invention is for the purpose of
covering bottles of glass or earthenware, to render them less liable to be
broken. The crude material employed is that which is generally known
as spent hops. These are reduced to a soft mass, or pulp, to which glue
and treacle are added, or, it may be, alkaline substances, alum, bichromate of potash, or any chemical substance, which will render the glue
less brittle, and more elastic. When the pulp is prepared, it is rolled into
sheets, and cut to the desired dimensions. When additional strength is
required, some fibrous material, or, perhaps, paper, is mixed with it. To
give the surface a finish, it is coated with paint or varnish.
This
material can also be used for forming vessels to hold water, such as jugs
and drinking cups. The inventor is Mr. Edward Richardson, of
Wapping.
BLAST FUKNACES.—An apparently very excellent improvement in blast
furnaces has been patented by Mr. John Watson, of Seaham Chemical
Works, Sunderland. It consists, firstly, in contracting the blast furnace
at one or more elevations, by which a support is afforded to the superincumbent mass, which prevents undue pressure on the materials in the
lower part of the furnace, and thus avoids the existence of a dense mass
through which the air has to pass ; and by the same means the upper
part of the furnace is considerably increased in internal capacity. The
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MANUFACTURING GLASS.—Mr. John Kilner, of Wakefield, proposes to
make glass in a reverberatory furnace instead of in glass pots, such as
are at present employed. He claims, as his invention, a reverberatory
furnace, in which the fire is at one end of the floor or bed on which the
materials used in the manufacture of glass are placed, the chimney being
at the opposite end. He asserts that perfect fusion is effected in less
time than by the existing process, and that the glass can be easily kept
in a workable state.
COMPOUND FOR TANNING LEATHER.—Messrs. Louis H. Dennis, and
Otho R. Brown, of Stafford Springs, Connecticut, U.S., have patented a
new tanning material. The invention consists in a combination of
catechu, commonly known as cutch, with common lye in various proportions. This mixture can be used alone or together with colouring matter,
such as alum, and with salt, or other material that will serve to plump
the leather if so desired. The proportions in which these substances are
used, vary with the kind of leather to be tanned.
For harness leather, 4 lbs. of cutch, 3 pints of common lye, 4 oz. of

alum.
For wax leather (split leather), 3 lbs. of cutch, 2 pints of lye, 3 oz. of
alum.
For calf skins, 2 lbs. of cutch, 1 pint of lye, 2 oz. of alum.
For sheep skins, 1 lb. of cutch, 1 pint of lye, 1 oz. of alum.
The cutch, by itself, will make the leather hard and brittle. The
lye will soften it. The alum being only used for colouring can be dispensed with, or other matter may be used in its place. The mixture is,
in any case, boiled, and the leather is then immersed in it long enough to
be thoroughly tanned, for which purpose, the harness leather should be
steeped for from eighteen to twenty days ; the wax leather from twelve
to fourteen days ; the calf skin during seven or nine days, and the sheepskins from two to four days.
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second part of the improvement consists in a novel application of the
waste heat of the furnace.
DOOR-MAT, OR SCRAPER.—This door-mat, or scraper, is made of castiron, steel, or other similar metal. Its form is that of a trellice, the
upper edges of which are sharper than the lower. It can be laid on a
box, to receive the dirt which falls off from the shoes. The openings of
the trellice may be of various sizes. The invention seems likeby to be of
use ; it is very simple, and, no doubt, will remove dirt from shoes or
boots more effectually than the ordinary scraper. Mr. George Tidcombe,
of Bnshey, is the inventor.
COMPOSITION FOR BRICKS, ARTIFICIAL STONE, ETC.—Gravel, broken stone
or bricks, slag, scoria, cinders—in fact, any hard, enduring material can
be used for this purpose. The materials are cemented together in the
following manner, which has, at least, the recommendation of novelty,
time only will prove whether it has the essential property of endurance.
One twenty-fourth part, by measure, of Portland cement is added to the
materials to be bonded together, and with this is mixed a quantity of iron
filings, or turnings, or the crushed slag or cinder from iron-works.
These ingredients are wetted, and mixed with a weak solution of
muriatic acid. When the ingredients are well mixed, they may be
moulded in the ordinary manner, with the addition of pressure, to consolidate them.
MANUFACTURE OF GELATINE.—After bones have been subjected to the
action of acids, for the purpose of removing their inorganic constituents,
Mr. John Coudery Martin, of High Street, Barnes, suggests that the
cartilage should be treated with successive washings in solutions of lime,
or of lime and caustic soda. The solutions should at first be weak, but
should be used stronger for the later washings. There should be alternate washings with pure water. The effect is to produce a soft, whitened
material, soluble at a low temperature, which forms a clear, but strong
tenacious jelly. He also uses as a bleaching material, after.the cartilage
has been treated with the lime solution, a salt of aluminum, either alone,
ov in combination with sulphurous acid, by which means a still purer and
more transparent gelatine is obtained.
REGENERATING ALIMENTARY SUBSTANCES.—Dr. Alphonse Louvel, of St.
Denis, France, has discovered a method, by which, it is asserted, that
grain, seeds, berries, flour, fecula, dry vegetables, potatoes, etc., which
have been spoiled by fermentation or excess of moisture, so as to render
them unfit for food, can be so restored as to make them wholesome and
agreeable. In order to produce this regeneration, as it is termed, and to
arrest fermentation, produced by moisture or other causes, it is merely
necessary to place the affected substances in an apparatus, from which
the atmospheric air has been withdrawn by means of a pump (the
vacuum need not exceed 05 to 70 per cent.), and to leave them there
during a greater or lesser length of time, according to the degree of

deterioration. After they have been submitted to this treatment, it is
asserted that there is no difference between them and other substances
which have always been sound and good. Flour which has become unfit
for use is by this method rendered fit for bread-making.
STOPPER FOR BOTTLES.—This invention consists in an improved stopper
for bottles, containing aerated or gaseous liquids, such as lemonade, ginger
beer, and soda water. The stopper is made of a cylinder of hard wood,
such as lignum vitæ. It is of less diameter than the opening in the neck
of the bottle, and its length slightly exceeds the length of the neck of
the bottle. Near the lower end of the cylinder a groove is made around
it, and into this groove an india-rubber washer is fixed, the washer projecting at right angles to the axis of the cylinder is made larger than the
opening of the neck of the bottle. Above the groove in the wood
cylinder into which the washer is fixed, and also below it, the cylinder is
hollowed out so that when the india-rubber is forced into the neck of the
bottle, it is pressed back into the hollow space in the wood cylinder.
When it passes the neck, and reaches the bottle, it assumes its original
position at right angles to the cylinder, and is forced up against the
opening of the neck which leads into the bottle by the pressure of the
gas, and so closes the bottle. When it is desired to let out any of the
liquid, it is simply necessary to press on the top of the wood cylinder.
The inventors of this ingenious contrivance are Messrs. J. Adams and
Henry Barrett, of St. Helier, Jersey.
THERMOMETERS,—A thermometer has been invented by Jean Baptiste
Fournier and Charles Armand Lemaire, of Paris, which not only indicates
the temperature of the surrounding air, but also serves to regulate and
produce a signal when the temperature rises or falls suddenly. This
object is effected by means of a double instrument composed of a tube,
and graduated vertical scale on which the liquid will indicate the temperature as usual. And, in addition to this, there is at the upper part of
the instrument a graduated metallic sector, the divisions on which correspond to those on the vertical scale. The index, or needle, which indicates on this sector, is actuated by the expansion or contraction of a
compound metal rod. The sector scale is slotted or grooved, so that two
small metal blocks or electric armatures may be made to slide in them.
These metal blocks correspond to, or are connected with, the two poles of
an electric pile or battery, and when the metal index, or needle, is brought
against one or other of these metal blocks, an electric circuit is completed,
and is connected with a suitable signal apparatus. The metal blocks, or
armatures, may be placed at any point along the groove, or slot in the
graduated sector, so that the signalling apparatus may be brought into
operation at any desired degree of temperature.
CONCENTRATING AND TREATING SACCHARINE AND SALINE SOLUTIONS.—This
invention consists in concentrating sugar solutions, by bringing them
into contact with gases or products of combustion from a furnace ; or
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in case of some saccharine solutions, with the heated carbonic acid gas
given off by limestone during the process of roasting.
Mr. A.
Fryer, of Manchester, the inventor of this process, describes his method
of applying it as follows :—" In some cases I pass the gases, either with
or without admixture of air, between a series of spiral blades or volutes
symmetrically arranged, and revolving round a common centre. The
external edges of these blades in their lowest position are immersed in
the solution to be operated upon, and by their revolution the solution
flowing over their surfaces towards the common centre preserves the
surfaces in a moist state. The heated gases passing over these moistened
surfaces effect the concentration desii-ed. In other cases, I pass the
heated gases over other moistened surfaces of any form or arrangement ;
or I cause the heated gases to pass through the reticulations of network,
wirework, or through perforated plates, the edges of such reticulations
being kept moist by the application to them of the solution to be concentrated ; or I cause the heated gases to pass through a chamber, in
which the solution to be operated upon is exposed in the form of drops
to their action. The principle of this invention is excellent ; it has been
used with great effect in the rapid evaporation of liquids for analytical
purposes. It might be well applied to economical uses.
RECEPTACLES FOR PRESERVES, ETC.—Every housekeeper knows the
difficulty there is in keeping preserves by the ordinary method of covering
them with brandied or oiled paper. M. Emile Peltier and M. Albert
Paillard, of Paris, have invented a simple method of application so
easy, that it comes within the reach of all. A vessel is made of tin or
some other such metal it is varnished outside to prevent oxidation.
This varnish is fixed on the metal by heat. A good varnish for the
purpose consists of a mixture of gum copal, linseed oil, and essence of
turpentine. In the bottom of the box one or two holes are made, through
which the jam or other provision is inserted, and, when filled, the hole is
closed with a cap, which may be provided beforehand with solder or
cement, so that it can be fastened instantly with a soldering iron. The
cover overlaps the rim, and its flange or lip drops over a neck or recessed
part in the receptacle or vessel ; and a ring or guard is placed round it
of sufficient length to facilitate its removal when the box is to be opened.
The bottom of the box is first convex on the outside, and when the contents are poured in hot they shrink as they cool, a vacuum is produced,
and the bottom is pressed inward by the atmospheric pressure without.
CARTS.—A very excellent method of tilting carts and relieving
horses when they are descending an incline has been patented by Mr. A.
Floyd Robertson, of Bedford Square. It consists in providing beneath
the body of the cart, and before the axle, a cross bar or shaft, having
cams or eccentrics fixed upon it, which, when the cross bar or shaft is
turned in its bearings, come into contact with the bottom of the body of
the cart, and so elevate its forward end to the height desired. The cross
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bar or shaft has also another eccentric or cam fixed upon it, which by a
chain or in any other way is connected with the extreme front of the
body of the cart. This eccentric is fixed upon the cross bar or shaft in
the opposite direction to the first-mentioned eccentrics, so that while the
shaft is turned in a direction to move the eccentrics first-mentioned away
from the bottom of the body of the cart, the other eccentric shall act to
draw the forward end of the cart downwards. The cart can by this
means be tilted to the degree required, and then by locking the cross bar
from turning, the cart can be retained so tilted as long as is wished. The
shaft may be turned by a lever handle upon it, and proper catches maybe
provided to lock this lever handle in any position, and so prevent the
shaft turning. The lifting shaft or axis may also by cams or eccentrics
upon it be connected with a brake or brake-box, which acts against the
wheels in such manner that the act of lifting the forward end of the cart
also puts the brake into action.
MANUFACTURING AMMONIACAL
SALTS.—The following
method was
invented by Mr. Isaac Baggs, of High Holborn. It consists in blowing
atmospheric air or carbonic acid, or any other gas capable of carrying
the ammonia forward, through a solution of ammonia contained in a
close vessel ; and then causing the gas charged with ammonia to pass
through a metallic or saline solution capable of arresting the ammonia,
and of being decomposed by it, and so of arresting the ammonia and
forming various ammoniacal salts. The blast of air or gas may be either
hot or cold. The crude ammoniacal solution, which may be from any
source whatever, as gas or bone liquor, or other chemical preparation,
should be mixed with lime or other base capable of setting ammonia free, and
the liquor from which it is to be extricated should be heated to 120 degrees
Fahr. or upwards, in order to diminish the solubility of the ammonia and
to render its liberation more easy. The crude ammonia solution may be
placed in a closed boiler. From the upper part of this boiler, a pipe
(open at both ends) dips into the saline solution contained in a second
vessel or receiver, which is open above to the air. By means of a pump
atmospheric air is blown through the ammoniacal liquor in the first vessel
from which this air or gas, loaded with ammonia, passes by the upper
pipe above-mentioned into and through the solution in the second vessel,
where the ammonia is instantly arrested and absorbed, forming ammonia
salts. When carbonic acid or other gas is used, it is obtained from any
convenient source and is blown through the two vessels in a similar way
to the air, or it may be generated and forced in under pressure.
FASTENING FOR JSTECKTIES.—M. Simon Hayem Aine, 38, Rue du Sentier,
Paris, has patented the following invention. It consists in fastening neckties by means of a roller, which works eccentrically, so that when worked
in one direction it exerts pressure on, and retains in its place, the tongue,
slide, or band, or moveable piece of the necktie or other article to which
the apparatus is applied, and it releases this tongue when worked in the
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opposite direction. In one arrangement this may be effected by mounting a roller eccentrically on axes in a flanged plate or frame sewn to the
cravat, the eccentric piece having a finger piece or projection, by working
which, the eccentric pressure piece is moved in the desired direction,
either to fasten or unfasten the cravat. Such a fastener prevents the
fraying of the cravat.

better than Dr. Odling that substances not sour are also called acids, and
hence the obvious inconvenience of his definition. Sulphuric acid in
another sentence is stated to be " obtained from sulphur;" coral, calcareous
spar, limestone, and shells are described as "other kinds of marble"; and
pearls—containing much animal matter—are said to be chemically
identical with marble, and we are told it is their " compact state " which
makes acids act " very slowly " upon them. In another lecture Dr.
Odling wants to explain that air can be weighed, and made sensible to
the touch, and he says, " this capability of being felt, has received
various names. Sometimes it is called impenetrability, because one body
cannot occupy, or penetrate the space that is being occupied by another,
sometimes it is called extension, because the body extends between my
hands for instance, and keeps them apart." This confusion of mere
extension with physical properties, is an inexcusable blunder, made worse
by the additional statement that " whether you call the property impenetrability, extension, or resistance, the word means the same thing." Dr.
Odling uses words so loosely that it does not much matter which he
happens to employ, but it will be unworthy of his undoubted talent if he
does not labour to become reasonably exact. He does not take the trouble
to form accurate conceptions of very simple phenomena. For example,
he has an experiment intended to illustrate " the way in which air tends
to magnify the appearance of some substances," and to show this he
exhibits loose cotton-wool in a bottle, and then squeezes it into a smaller
space. If the learned doctor's pupils reasoned from his queer statements,
they would conclude that loose wool in a vacuum would look smaller
than wool in the same mechanical state of expansion did in common air.
At page 62 we are told that " if we take some slow-breathing animals
such as snails or frogs, and put them into a confined quantity of air,
they will do exactly as burning phosphorus does—they will go on breathing, until they have consumed the fifth part of the volume of the original
air, and they will leave four volumes of air of the same character as that
left by the burning phosphorus." If it is hypercritical to say that phosphorus does not breathe, even like a frog, still how careless we must
consider this bungling reference to respiratory phenomena. Dr. Odbng
tells his young pupils that nitrogen was called phlogistic air, and as he
had no occasion to, and does not, explain the doctrine of phlogiston,
why did he introduce a word relating to it ?
At page 79 it is said " if we were to take two cubic inches of oxygen,
and endeavour to compress them into the space of one, we should require
the pressure of 15 lbs. weight," and Dr. Odling goes on with further computations of the same character, not seeing that the two cubic inches of
Oxygen which he is talking about, occupy that space because they are
already under the normal pressure of 15 lbs. per square inch, and that
they must have an additional pressure to reduce their bulk. At page 88
nuts, acorns, etc., are spoken of as pure carbon, capable of being
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A COURSE OF SIX LECTURES ON THE CHEMICAL CHANGES OF CARBON.
By "William Odling, M.D., F.R.S., Fullerian Professor of Chemistry,
Royal Institution. Delivered before a juvenile auditory at the Royal Institution of Great Britain during the Christmas holidays of 1868-9. Reprinted from the Chemical News, with Notes by William Crookes,
F.R.S., etc. (Longmans.)—We are very sorry to find these lectures not
at all deserving the praise which Mr. Crookes bestows upon them in his
preface. They are rambling, discursive, and frequently inaccurate—as
closely as possible what lectures intended to instruct young people ought
not to be. They are extremely wordy, and Dr. Odling takes no pains to
make his expressions correct. He begins with a description of marble,
and introduces all sorts of subjects not necessary to the main purport of
his discourses. In an early experiment he puts a bit of marble in water
with a thermometer, and in another vessel a bit of " saltcake "
(anhydrous sulphate of soda), with some more water, and another thermometer. In the latter case heat is developed, and not in the former.
This experiment is objectionable as an unnecessary diversion from the
topic of the book, and as introducing difficulties which it was not the
intention of the lecturer to clear up. He describes the two processes as
" wetting " the two substances, thus introducing the erroneous idea that
mere wetting can in any case give rise to an elevation of temperature.
In experiments to show that while some substances can be dissolved in
water, marble cannot, he employs aniline colours, which no doubt look
pretty, and then exclaims, " Now it is quite obvious we must not compare marble with one of these beautiful coloured substances, but with
some colourless substance," from which his pupils would get the wrong
notion that when solubility was in question it was " obviously wrong "
to compare coloured and colourless bodies together. Further on, he puts
marble in vinegar, and describes it as " dissolving " in it ; thereby confounding simple solution with a decomposition, in which a fluid, in contact
with a compound solid, separates its constituents ; and dissolves, not the
original substance, but a new one that is formed. In another passage he
says, "chemists are acquainted with a large number of sour substances,
called acids, to which they have given different names." No one knows
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completely burnt away in common air, " so that nothing will be left of
them."
Putrescent gases absorbed by charcoal are spoken of as destroyed,
and this word is carefully emphasized ; and in another place charcoal is
spoken of as " converted into carbonic gas." " Charcoal" is continually and
awkwardly treated as identical with carbon in other forms, and carbon
compounds treated as charcoal compounds. Black lead is spoken of as if it
were always crystalline, and called pure carbon, though it usually contains
5 or 10 per cent, of iron, not, however, essential to its composition.
Finally, Dr. Odling changes his nomenclature without discretion ; what,
for example, is the use of calling carbonic acid, carbonic gas ; and
carbonic oxide, carbonous oxide ? If new terms are to be employed, do
as Professor Roscoe does, and call the two oxides of carbon, carbon monoxide, and carbon dioxide ? We have not made the preceding remarks in
any spirit of hostility to Dr. Odling. We felt it was due to him to
explain at some length why we caution students against his book. The
errors we have pointed out cannot be supposed in his case to result from
ignorance. He is simply careless ; and the fashionable world who frequent
the Royal Institution are apt to value lectures for the showiness of their
experiments rather than for their real merit. Dr. Odling should set his
face against this notorious evil, and, whether he is talking to juveniles or
adults, do himself the justice of knowing what he is about.
THE JOURNAL OP THE ETHNOLOGICAL SOCIETY OF LONDON.
Edited by
Professor Huxley, F.R.S., President of the Society ; George Busk, F.R.S. ;
Sir John Lubbock, Bt., F.R.S. ; Col. A. Lane Fox, Hon. Sec. ; Thomas
Wright, Esq., and Hyde Clark, Esq., Sub-Editor ; and Assistant-Sec.
J. H. Lamprey, Esq.
Published Quarterly. April, 1869. (Trubner.)—
The recent rise of the Ethnological Society in public interest and importance is the well-deserved result of the industry exhibited by its
council and the quality of its labours. The April number of its journal
contains a number of valuable papers.
THE ODES OF HORACE.
Books I. and II., in English Yerse, with the
Latin in Parallel Pages. By JAMES WALTER SMITH, LL.D. (Effmgham
Wilson.)—The charm which Horace has exercised for so many centuries,
belongs to his manner even more than to his matter. It is rare that
there is anything wonderful in what he says, but it is wonderfully well
said. Such a poet, writing in a terse language, and upon principles of
versification differing considerably from those in which English bards give
rythmical expression to their thoughts, necessarily presents peculiar
difficulties to the translator, and hence English versions of Horace have
hitherto been very unsatisfactory to those who know the originals, and
quite unsuccessful in giving those who cannot read Latin, anything like
a notion of their real merit, or of the plans upon which they were composed.
So much does Horace depend on manner, that in his best
passages no important change can be made in the juxtaposition of his
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words without some damage to the effect. When the poet is didactic
the pithiness of the expression, as well as the nice choice of nouns and
adjectives gives vigour to what he says ; and in another class of passages
a pictorial effect is produced by the highly artistic arrangement of
descriptive phrases, which is lost if the same, or similar phrases, are
widely separated by needless words, or diluted by paraphrase.
There is also a great deal in the adaptation of the metre to the
subject, aud though we may bo in considerable doubt concerning the
Roman methods of pronunciation and verse-declaiming, we readily feel
that such versification as that of Francis bears no reasonable resemblance
to that of Horace ; and we may be sure that the unmusical awkwardness
of Newman's very clever and valuable version, would have set the Roman
poet's teeth on edge, and could not possibly, had it been produced in
his day, have been accepted as being like, or parallel to his own.
Dr. Walter Smith has made a very remarkable and praiseworthy
experiment with the first two books of the Horatian Odes, and we hope he
will receive sufficient encouragement to carry on the work he has so
happily commenced. He has certainly done more than, any previous
translator either achieved or attempted. He has rigidly confined himself to the same number of lines as his original, and has been singularly
successful in hitting upon words and phrases that conform to the Horatian
spirit. He has, for the most part, been equally happy in the adoption of
metres bearing as true a resemblance to those of Horace as the different
characters of the language employed will permit. This will be apparent
from a few citations. Thus the ode beginning "Jam satis terris," etc.,
thus commences in his version :—
It is enough ; our vengeful sire
'Mid storms of snow, and hailstones dire,
Has struck his shrine with hand of fire,
And scared the conscious town.

In the fourth ode the
Solvitur acris liiems grata vice veris et Favonî,

is well paralleled by
Spring zephyrs have melted sharp winter away,
And the windlass draws down the dry ships to the sea.

The famous ode to Pyrrha, on which so many have foundered, is
rendered by—
What slender stripling in your rosy grot,
His locks with liquid perfume shining,
Embraces Pyrrha.

" Enrichment shunning," will scarcely do for the troublesome simplex
munditiis, but Milton did not satisfy with his rendering " plain in thy
neatness," nor is Newman's " simple in grace," altogether acceptable. ■
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The ode beginning " Pastor quum traheret," is given in an excellent
metre.
The faithless swain was bearing o'er the seas,
In Trojan bark, his hostess Helen home,
When Nereus lulled in dismal calm the breeze,
And sung the fates to come.

The "faithless swain" is a little cockney, but the poem is given
with much spirit.
The ode to Glycera reads remarkably well in such verses as—
Venus, my soul in hers immersing,
Scorning her Cyprian home's delight,
Forbids my Scythian wars rehearsing
Or how the Parthians flying fight.

And scholars will be pleased with—

1

The snow on black Soracte's steep,
And on the labouring woods lies deep,
And bears them down ; while winter's force
Has stayed the rivers in their course.
This frost my Thaliarchus thaw ;
Heap logs upon the hearth, and draw
Wine four years old—benignant task,
And pour it from the Sabine flask.

The whole of which ode is remarkably well given.
If there are
occasional passages which required more polish, or greater exactness, far
more numerous instances of striking aptitude might be cited, and if Dr.
Smith completes his task in a subsequent volume as well as he has
commenced it in the elegant book before us, he will win and merit no
transient praise.
THE FLORAL "WORLD AND GARDEN GUIDE.
Edited by Shirley Hibberd,
Esq., F.R.H.S. (Groombridge.)—The May number contains a beautiful
coloured plate of Alpine flowers by Mrs. Webb, with plain directions for
collecting them in their native localities and cultivating them in this
country. Swiss tourists will do well to study her plans, as the flowers
she treats of are a great ornament to English gardens.
OUR RURAL CHURCHES, THEIR HISTORIES, ARCHITECTURE, AND ANTIQUITIES.

By SIDNEY CORNER. With Coloured Illustrations from Paintings by the
Author. (Groombridge and Sons.) Part I.—The plan of this work is to
select from our rural churches, in their present or recent condition, those
which are most interesting from historical or other associations, and which
admit of picturesque treatment in coloured plates. Mr. Corner states, in
a brief preface, that views of architectural details, in cases where it may
be desirable, are reserved for the completion of the volume, and his mam
treatment of the subject will be popular rather than technical. The first
number is just issued, and contains three coloured landscapes representing
the churches of St. Nicholas, Leeds, Kent ; All Saints', Fulham, Middlesex ;
and St. Andrew, Greenstead, Essex. The name " Leeds " is so fully
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associated with the great northern manufacturing town that many will be
astonished to find it is also the appellation of a humble village, a few
miles from Maidstone, which appears to have possessed more importance
in former days, as it had a castle and an abbey, in addition to the church,
which Mr. Corner describes as " a very fair specimen of that mixed, or
rather transition style of architecture, where the massiveness of the
Norman seems yielding to a lighter and more grateful proportion which,
in the course of time, entirely superseded it." The most conspicuous
feature in this church is a stout square tower, no doubt adapted in old
times to defence, as well as to religious uses, and capped with a four
square pyramid surmounting its battlements. Fulham Church is, as most
of our readers well know, situate on the banks of the Thames, four miles
from Hyde Park Corner, and though the building does not possess much
architectural merit, its four story tower, with angular buttresses, and an
octagonal turret rising above its parapet, assists materially, as Mr. Corner's
drawing shows, in making a pleasing landscape. Its ten bells were recast
by Ruddle, as an inscription on the Gth—" John Ruddle cast us all "—
affirms, while the 10th moralizes and declares,—
I to the church the living call,
And to the grave I summon all.

Although the present building is not old, a more ancient edifice stood on
the spot, and the monuments it contains go back to the fifteenth century.
The church of St. Andrew, at Greenstead, in Essex, presents quite a
different aspect from the two former. It is a very curious and interesting
specimen of wooden architecture, " the body or nave is built," says Mr.
Corner, " entirely of wood ; the trunks of chestnut trees, either split, or
sawn apart, forming the sides, these being set upright and close to each
other, and let into a sill and plate. They are fastened at the top with
wooden pins. There are eighteen of them at the south side, two of which
are squared for door posts, and here, projecting from them, is the porch.
Twenty-one unhewn, and five squared, are on the north side, with two
vacancies filled with plaster. A boarded tower, with a spire of the same
material, is built against the west end of the church, and at the east is a
chancel of brick ; both sides are strengthened with buttresses, which are
of much later date than the body of the church, as also are the roof,
chancel, tower, and spire." The window at the end of the nave contains
a small piece of ancient glass, discovered some years ago during a process
of restoration, and representing St. Edmund, whose interesting story Mr.
Corner recites.
" Our Rural Churches " make their appearance in super royal
quarto, pleasant cream-coloured paper, handsome type, and with three
coloured landscapes in each part, at the very low price of 2s. 6d.
SOUND AND COLOUR : THEIR RELATIONS, ANALOGIES, AND HARMONIES.
By
JOHN DENIS MACDONALD, M.D., F.R.S., Staff Surgeon, R.N". (Longmans.)
—Dr. Macdonald's book will contribute to the investigation of the
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analogies which exist beween sound and colour, and will help to show
how far music and painting may and ought to be regulated by similar
laws. He shows that by starting at a particular point of the red in the
prismatic scale a colour gamut may be constructed ; red, orange, yellow,
green, blue, indigo, violet, and red, giving a complete octave, corresponding
with a musical scale from C to C, and he endeavours to work out a
theory of colour-harmony upon the musical principles of fundamental
notes, thirds, fifths, etc. No one will be disposed to deny that there are
points of resemblance between musical and pictorial art, but there are
also important differences which must preclude the possibility of regulating colouring by rules drawn from the study of thorough bass. When
we speak of harmony in music, we mean such mixtures of sounds as
please a cultivated ear. A note, its third and fifth sounded together,
produce a harmony which arises from the way in which the three concomitant sets of vibration fit into each other. But if harmony of colour
in a picture is mentioned, no such mixture is designated, but what
Chevreul calls simultaneous contrasts, by which individual colours are
modified, and simultaneous impressions made by different colours in such
a manner as to please a cultivated eye. Combinations of pigments, which
produce secondary and tertiary colours, are the real analogies of
musical concords or harmonies, and what is commonly termed harmony
in a picture is like the notes of a melody simultaneously apprehended.
Dr. Macdonald will really admit this, if he considers his own critioism
on Professor Midler's theories. No effect of discord is produced by the
juxtaposition of colours which stand next to each other in the scale, nor
are they indifferent to each other, as Miiller states. Their mutual action
is feeble, because their complementaries are as much alike as themselves,
but they readily form parts of what is called colour-harmony in a picture.
No doubt, arithmetical proportion in the vibrations of sound and light
are conditions which determine their power of pleasing or displeasing
ears and eyes ; but the painter employs a far more elaborate scale than
the musician, who rarely deals with divisions less than semi-tones, and he
presents all his so-called melodies and harmonies simultaneously to the
eye. Dr. Macdonald easily shows that great artists have made colour
combinations, or juxtapositions, resembling musical harmonies, founded
upon the dominant, subdominant, etc., but colour discords and musical
discords are much less easy to compare in a satisfactory way. According
to musical analogy, if the effect of juxtaposition is to be likened to either
harmony or discord, yellow and green ought to be very disagreeable, and
yet the tinge of yellow, commonly called golden, is always agreeable in
contrast with green. The eye regards this combination not as a real
harmony, but as a simultaneous contrast. The yellow is made redder by
the complementary red which the green suggests to the eye, and the green
is a little purpled by the complement of the yellow, which does it no
harm if it is tolerably pure. There is a common objection to placing
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green and blue together, and it is easy to select tints of each colour
which are very disagreeable in such a position, but a walk through a
flower garden shows how often nature makes such combinations pleasing,
and gives us illustrations how to effect it with various blues, from pale
sky-blues to violet. Some artists have studied these effects, and succeeded admirably in introducing them into their works.
A musical theory of colour will not go far in elucidating painting,
but, to the extent to which the analogy it traces is applicable, it deserves
attention.
LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC AND ORGANIC.
By
HENRY G. ROSCOE, B.A., F.R.S., Professor of Chemistry in Queen's
College, Manchester. New Edition. (Macmillan.)—This is one of the
best books of its class, and forms an excellent manual of modern
chemistry. The theoretical portions of the teaching are judiciously
brought in at convenient places, after the facts on which they depend
have been explained. The work ranges from the non-metallic to the metallic
elements, with a chapter on spectrum analysis, and several on organic
chemistry. There is a little slip at page 59, where it is asserted, that
" had air been a chemical compound, it would be impossible to decompose
it by simply shaking it up with water." Professor Roscoe certainly does
not mean that no chemical compound can be decomposed by contact with
water, and yet this is what he implies by the words cited. In his account
of fermentations, while he justly refers them to the action of organized
beings, he affirms—we suppose on Pasteur's authority—that the organisms
producing butyric fermentation are animal, of which there is not the
sHghtest proof. Many French writers speak of bacteriums, vibrions, etc.
as animal, without any justification for the term.

NOTES AND MEMORANDA.
POCKET SPECTBOSCOPE.—The most perfect and beautiful instrument of this kind
which we have seen has recently been constructed by Mr. Browning, with the aid of
glass of unusual density. It is only 3i inches long and £ths of an inch wide. The
opening and closing of the slit is effected in a very ingenious way, by rotating a brass
terminal rim. A surprising number of lines for so small an apparatus can be seen on
directing it to a bright portion of the sky, and the definition is sharp and clear. When
used against a light sky, the slit only requires to be open to the extent of 1—300" or
less, and a very curious effect is produced in the dirty atmosphere usually found, even
on clear days, in and near the metropolis. If the adjustment for focus is made by
pulling the adjusting slide out, enough floating atmospheric particles are sucked in to
stop all vision ; but by adjusting in the opposite direction, and thrusting in the slide,
he dirt particles are blown out, and plenty of light appears. This instrument can easily
be adjusted to the microscope, and possesses power enough for a considerable range of
observation.
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TADPOIÆS OF NEWTS AND TIIEIE EGGS.—M. J. Julien states, in "Comptes Eendus,"
that he has discovered perfect eggs in tadpoles of the female Lissotriton punctatus, and
that he has found such tadpoles with the generative organs in the adult stage, while the
rest of the creature was in the larval condition.
INSANITY IN FRANCE.—Dr. Lumier states, that on the 1st of January, 1869, France
had one insane person for every 412 inhabitants. Paralytic idiotcy {folie paralytique),
he states to be increasing, not only in the great towns, but in less important centres. He
says it is an error to suppose that insanity attacks women more than men. " If," he
adds, "it is correct to say that at any given moment there are in the asylums rather
more women than men, it is not less certain that more men than women enter these
institutions every year, and that in the proportion of 54 to 46.
THE TRANSIT OF VENUS IN 1874.—At the last meeting of the Royal Astronomical
Society, the subject of Mr. Proctor's statements respecting this transit was dealt with.
While the correctness of his views was admitted, some doubt was expressed as to their
importance. Mr. Stone pointed out that the stations mentioned by Mr. Airy as the best
are those which Mr. Proctor also approves of. Mr. Proctor maintained that the relative
values of those stations were so affected, that in the final selection others than those
chosen by Mr. Airy would probably be preferred. He adduced the superiority of
Crozet Island over Kerguelen Land as one of several instances in point. Mr. Stone
also questioned whether the superiority of Halley's method were marked enough to be
important ; in answer to which Mr. Proctor pointed out, that that superiority, however
slight, differed importantly from the total failure hitherto ascribed to the method. He
stated, also, that the proposed expedition to South Victoria Land, in 1882, would be
useless ; and that the proof of this circumstance was of itself sufficient to justify his
paper.
PERIODIC WEATHER CHANGES.—M. St. Claire Deville, in presenting to the French
Academy the Annual Keport of the French Meteorological Society, expressed a belief,
founded upon a study of the facts, that in each year there are, at least, three cycles :
one of 90 days, or quarduple; a second of 30 days, or dodécuple ; a third of ten days,
or tridodécuple, which manifest themselves by periodical returns of temperature. He
says, supposing the year reduced to 360 angular days, each corresponding to a movement of the earth of one degree on the ecliptic, it would be important to ascertain
whether there is a cycle of years periodically exhibiting the same influences. The
periodic oscillations of temperature he notes in each year are connected with variations
of pressure, moisture, photometric, electric, and other conditions, which affect the health
of the people. He thinks the changes may be explained by the conditions of the
different portions of interplanetary space traversed by the sun's rays.
RAIN OF INSECTS AT ARACUES AND TURIN.—M. Rey de Morande (as stated in
u
Cosmos") says, that on the night of the 29-30th January, about 4.30 a.m, a violent
blast of wind suddenly stopped, and snow fell at Arâches, in Haute Savoie, till daybreak,
and in the morning a quantity of live larvœ was found in it. They could not have been
hatched in that locality, as the temperature of the preceding days had been too low.
They belonged for the most part to Trogossita mauritanica, common in old wood in the
forests of the south of France. Some caterpillars, supposed to belong to Stibia stagnicola,
were likewise noticed. This caterpillar belongs to the south of France, and attains its
full size in the month of February. M. Tissot, who observed the preceding phenomenon,
says a storm brought thousands of insects to Turin in 1854, some of them only found in
the island of Sardinia.
POISON GLANDS OF CAIXOPHIS.—M. Bernhard-Meyer describes to the French
Academy his dissections of several species of the snakes called CallopMs, in which he
finds the poison glands, situate in the belly, and the heart nearer the tail. The excretory
canals from these glands unite in a canal which reaches the fangs.
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ON THE GENUS EUPHORBIA.
BY JOHN R. JACKSON, A.L.S.,
Curator of the Museum, Royal Gardens, Kew.
(With a Coloured Plate.)
THE natural order, Euphorbiaceæ contains some of the most curious
forms of plant life to be found in the vegetable kingdom. The
species have a wide geographical range, being found in Africa,
North America, India, and Europe, their head-quarters, however, is
in equinoctial America. The characteristic properties of the order
are acrid and poisonous, most of the plants abound in a milky juice ;
some, however, yield oils, as the castor oil and the croton oil ; some
starch, as cassava or tapioca; and some caoutchouc—the principal
commercial source of which is Svphonia brasiliensis, and 8. elastica,
both plants belonging to the Euphorbiacea. The poisonous principle of
this order appears to be volatile, the application of heat in most cases
removing it, as is instanced in the cassava root, which is a violent
poison in its raw state, but when cooked becomes a nutritious
food.
It is to the genus Euphorbia, which gives its name to the order,
that we are now more especially concerned ; it comprises a very
large number of species distributed nearly all over the world, and
varying very considerably in their general appearance. In the
warmer regions of the southern hemisphere they grow to the size of
shrubs or small trees, while in the more temperate parts of the
northern hemisphere they are mostly herbaceous. The plants bear
monœcious flowers, arranged in heads, surrounded by bracts, which,
in some species, are of a bright scarlet colour. These bracts form an
involucre, more or less cup-shaped, but lobed or toothed ; the lobes,
which are four or five in number, alternating with numerous glands.
In the centre of the involucre is a single three-celled stalked ovary,
surrounded by what appears at first sight to be numerous stamens,
and so giving to the flower-head the appearance of being a single
flower ; upon a closer examination, however, it will be seen that each
stamen is jointed in the middle, and has a distinct scale at its base,
so that in fact each one of these apparent stamens is a separate
male flower arranged round a central-stalked female flower ; the ovary
being surmounted by a three-cleft style. The fruit is composed of
three, usually very distinctly lobed, one-seeded carpels. Though the
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botanical characters hold good in all the species, the general forms,
as we have before remarked, vary very much according to their geographical position.
Some idea of the habits and tree-like forms of some of the African
species may be obtained from the coloured plate which is from a
drawing by Mr. Baines, to whom I am indebted for much of
the following information on the general characters of the plants
inhabiting those regions of Africa traversed by him. Among the
many curious forms of vegetation distributed over that section of
the globe, the Euphorbias claim a prominent position as well for
their extended range as for the great variety of forms they assume,
for while some are dwarf and cactus-like, destitute of any leaves, but
forming thick fleshy stems, others are tall and straight, with nearly
square or fiat-sided stems, while others again are nearly triangular
with depressed sides, some are equal in thickness throughout their
whole height, some compressed at intervals up the stem, of three,
six, nine, or twelve inches, and all are more or less armed along the
edges with short sharp spines or thorns.
In Africa the tall growing species—like Euphorbia grandidens,
Haw., which grows to a height of thirty or forty feet,—form a peculiar
feature in tho landscape, while numerous smaller growing species are
spread over the country, either crouching low upon the ground in
single plants, or growing in clusters from the clefts of the rocks.
E. grandidens is one of the species cultivated in greenhouses on
account of their singular appearance. It sends out from its main stem
whorls of branches, candelabra fashion. I received at the Museum,
a few years since, a fresh specimen of the trunk of this species, and
kept it in a tolerably warm room, hoping by that means to dry it
gradually and so preserve it, but so succulent was its nature, and so
highly charged with milky juice, that it remained some months
without any visible diminution of its bulk, keeping perfectly green,
and the milk flowing from it upon the slightest fracture of the bark.
At the expiration of a year the outer portion of the stem began to
shrivel, and at the end of sixteen or eighteen months, it had become
quite separated from the inner or heart wood, and hung round it like
a coat several sizes too large. Amongst the smaller forms of South
African Euphorbias, Euphorbia caput-niedusœ is one of the most common, it gi'ows in a hemispherical mass composed of a number of
fleshy stems or branches about the thickness of a man's finger. Its
head quarters is at the Cape of Good Hope. A species having a
somewhat similiar habit seems to be common in Abyssinia, judging
from the photographs taken during the late campaign, some exceed-
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ingly fine specimens of the plants appearing in a view of the church
at Attegerat.
The juice of E. caput-mcdusœ, like most of the other species,
is thick and milky, exceedingly acrid and poisonous, so that the
natives use it both to poison their arrows and to pour into the pools
of water where fish abound for the purpose of capturing them.
Mr. Chapman, the African traveller, speaks in his journal of an
excursion he made, accompanied by one of his bo}Ts, into the mountains for the purpose of collecting some of the milk of the Euphorbia, and notwithstanding the greatest caution imposed upon the
boy, he allowed a thorn to prick his hand on which he had some of
the milk ; no blood came from the wound, but he soon began to feel
intense pain, which increased, and in four or five days time he had
to be carried into tho waggon, the excruciating pain and sickly
feelings becoming alarming, blisters arose on his skin wherever he
had scratched himself with the thorns, although great care had
been taken to see that he washed his hands immediately after
handling the poison. Mr. Chapman says :—It was evidently a very
near go with him, I did not know what medicines to give him. I
gave him the usual remedies ; but think his life was saved by the
juice not getting properly, or plentifully, into his blood. The
plant said to have been discovered in Barbary in the time of King
Juba, and named by him after his physician Euphorbus, is referred
by some to E. officinarum, L., a very angular succulent species
armed along its edges with double spines, and which now grows
in the north of Africa, others consider it to have been E.
antiquorum, L., a species very widely dispersed over Africa, the
East Indies, etc., having triangular or quadrangular branches thickly
studded at the angles with very sharp spines. The gum-resin,
known in commerce as Euphorbium, and which occurs in small
irregular yellowish tears frequently pierced with holes, and often
with the remains of the spines of the plants imbedded in them is no
doubt produced partly by the two above-named species, E. Canariensis,
E. tetragona, and probably several other species lending thenaid. The Euphorbium of the shops is procured from Barbary,
the natives collect it by making incisions in the branches of the
plants and allowing tho juice to flow from them, it soon hardens by
the heat of the sun, while it still remains attached to the stem,
after a time, however, the lumps fall off and are collected, the collectors being very cautious how they handle them, the gum being
so acrid that it soon excoriates the skin, and the dust and small
particles are so apt to enter the mouth and nostrils, producing con-
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tinued irritation and incessant sneezing, that the natives protect
those organs by tying a cloth over them.
The chief physiological effects of Euphorbium upon man is that
of a most violent acrid, the pain and irritation to the eyes and nose,
endured by those occupied in grinding this drug, is said to be
intense, various contrivances have been adopted to protect them,
such as masks, coverings of crape, etc.
Continued exposure to
the influence of the dust produces headache, giddiness, and delirium. Pereira says, that an old labourer at one of the drug mills
assured him that this substance produced in him a feeling of
intoxication, the same writer also mentions the case of an Irish
labourer who was made temporarily insane by it, and who,
during the fit, insisted on saying his prayers at the tail of the
mill-horse. The following case, in which insensibility and convulsions have been produced by Euphorbium, is also recorded :—A
man was engaged at a small mill where Euphorbium was being
ground, and remained in the room longer than was considered
prudent. Suddenly he darted from the mill-room, and ran with
great velocity down two pair of stairs. On arriving at the ground
floor, or yard, ho became insensible, and fell. He was attended to
within five minutes when ho was found lying on his back, insensible
and convulsed ; his face was red and swollen, his pulse frequent
and full, and his skin very hot. He was bled, and within half an
hour he became quite sensible, but complained of great headache.
He had no recollection of his flight downstairs, which seemed to
have been performed in a fit of delirium.
Dr. Christison mentions two experiments on the effects of
Euphorbium, upon dogs ; in the first, half an ounce of powdered
Euphorbium was introduced into the stomach and retained there
by a ligature on the gullet. The dog died in twenty-six hours and
a half, an examination of the animal showed the whole coats of the
stomach, but especially the villous membrane to be of a blackish
red colour ; the colon and the rectum, especially tho latter, were of
a lively red internally, and their inner membrane was checkered
with little ulcers. In the second case, two drachms of the powder
was inserted in a wound made in the thigh, and secured by covering
it with the flaps of the incision, the dog exhibited no other remarkable symptoms, but great langour, but died in twenty-seven hours,
the limb and a portion of the body was found after death to be
much inflamed.
Euphorbium when taken internally by man, produces vomiting and purging, and large doses bring on cold perspirations,
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accompanied with an irregular hurried pulse. A fatal case has
been recorded in which a teaspoonful of the powder was administered in mistake for rhubarb, intense burning heat in the
throat ensued, followed by similar feelings in the stomach,
succeeded by vomiting, a hurried pulse, and cold perspiration,
death taking place in three days.* Mr. Baines tells me of two
cases of external poisoning by the juice of the Euphorbias, which
came under his notice while attached as artist to the Zambesi
Expedition. In the first case one of the sailors belonging to the
expedition broke off several pieces of the succulent stems of these
plants, being attracted by their singular appearance ; and incautiously
touching other parts of his body, while the milky juice was still
upon his hands, extensive blisters were raised, causing him excruciating agony, so that he had to be under medical care for some
weeks. The second case occurred to a native boy in Damara land,
who Mr. Baines took with him for the purpose of collecting a bottle
of the juice, which being done, he was sent to wash his hands in the
nearest pool, receiving at the same time a warning that he was, on
no account, to touch any other part of his body till his hands were
quite clean ; he, however, neglected the caution, and rubbed his
eyes, the lids of which next morning were swollen and nearly closed,
these unfavourable symptoms continued for a day or two, so that the
boy was allowed to ride in the waggon, and treated with somewhat
of the care of an invalid ; this easy life suited him, and he made
believe, so far as he could, that his eyes were not getting better,
till one morning at breakfast, one of the party caught the boy's head
between his hands, and suddenly forcing it up, caused him to stare
with amazement, and with clear open eyes into the face of his
aggressor, who immediately removed him from the sick list, and
condemned him to take his share in the work of the expedition.
All through South Africa and southern tropical Africa, in the
dense jungles of the Sundays and New Years rivers, the Fish river,
the Koonass, and on the eastern border of the colony and the
rivers of Kafirland, the Euphorbias attain the dimensions of considerable trees, some of which are probably five and twenty feet or
more in height, the stems of many of them are nearly white
externally and sometimes as much as a foot in thickness, the outside
of the older stems is hard, but the smaller and younger ones, often
as thick as a man's arm, can easily be cut through with one stroke
of a sharp bowie knife.
* Euphorbium is now excluded from the pharmacopœia, having long since fallen into
disuse.
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In those districts where the Euphorbias grow more plentifully
than any other flowering plants, the honey made by the bees has a
very perceptible acrid taste ; but where other flowers are equally
distributed with the Euphorbias, the bees seem to have the sense
to choose those which do not impart an unpleasant flavour to their
honey.
Several species of Euphorbia occur in India, having either
acknowledged or reputed medicinal or economic properties. The
acrid milky juice of E. antiquorum, L., is used by the natives for
outward application in rheumatism, and is also considered a cure for
toothache, and, when diluted, they use it internally as a purgative ;
the bark of the root is likewise a reputed purgative, and a decoction
of the stem is given in cases of gout. E. Tirucalli, L., called the
milk-hedge or Indian tree-spurge, grows to a height of about
twenty feet, and is frequently grown in Coromandel for hedges, for
which it is well adapted, as few animals, except goats, will touch it,
owing to its acrid nature. The fresh milky juice is said to be an
effectual application for the removal of warts, and when mixed with
oil, is used as an embrocation in rheumatic affections. In small
doses it has been used as an alterative ; the juice of E. nivulia,
Ham., is used for similar purposes, and, on the Western coast, the
bark of the root boiled in rice-water and arrack has been given
with success in dropsy. All these three species, as well as E.
nereifolia, L., the root of which has a general reputation in India as
a cure for snake bites, are included in the New Indian Pharmacopœia.
E. Cattimandoo, Ell., a shrub or small tree, growing in the Madras
Presidency, and known as Cattimandu, is noteworthy on account
of its yielding caoutchouc of good quality, though its value is much
depreciated, from the fact of its not being ductile at all times, like
gutta percha or india rubber ; when first boiled it can be moulded
into any form, but after it has cooled it becomes brittle, and it is
said to be very difficult, if not impossible, to render it again plastic.
To obtain it the natives cut the branches across, when the milk, as
in all the species, flows freely j it is collected and boiled, made into
cylinders or cakes, and sold in the bazaars as a cement, useful for
many purposes, amongst others for fixing knives in handles. Some
of this caoutchouc was exhibited so far back as the first Great
Exhibition in 1851, and was then favourably reported upon, since
which time we have heard little or nothing about it. The juice of
this, like nearly all the other Indian species, has a reputed medicinal
' virtue for outward application in rheumatism. Though the above
species is the only one that we are aware of as having attracted
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notice as a caoutchouc producer, it is not at all remarkable that
these plants should yield this substance when we consider the great
quantity of viscid juice they all contain, and which hardens on exposure to the air. Mr. Baines tells me that he has collected the
juice of the Euphorbias in Africa, boiled it, and found it to make an
excellent and flexible waterproof for calico, and that a piece of
calico so treated, served effectually as a protection for a packing
case of books and papers on the deck of a small vessel during the
entire voyage from Algoa Bay to the London Docks.
There are numerous other species of Euphorbia growing in India,
many of which have- reputed medicinal virtues ; but as their uses
are somewhat similar to those we have already mentioned, and their
effects very doubtful, it is needless to enumerate them.
In North America several species are considered medicinal, one
or two of which are acknowledged in the United States dispensatory. In the Brazilian forests a peculiar species grows, the sap of
which sheds a phosphorescent light in the warm nights, it has in
consequence been named E. phosphorca. Twelve species of Euphorbia are found in the British Isles, many of which were at one time
used as cathartics and stimulants, and the juice of some are even
now occasionally used in some parts by the country people to cure
warts. E. lathyris, L., the common caper-spurge occurs in thickets
and underwoods in many parts of England, its stems rise from two
to three feet high, the leaves are dark green, oblong-lanceolate,
heart-shaped at the base. The fruit is a three-celled capsule, about
the size of a large caper, for which it has been frequently used as a
substitute, after being steeped in salt and water for a long time,
and pickled in vinegar, this removes some proportion of the acrid
principle, but even then the fruits are far from wholesome. The
effects upon the human system, caused by eating the fresh fruits,
is similar to that caused by Euphorbium, though not so severe. Dr.
Christison mentions a case of a child two years old, who, having
eaten some of these fruits, was attacked with severe vomiting, succeded by drowsiness, an emetic having been employed, caused
further vomiting, after which the child fell into a deep sleep, broken
by occasional convulsions, and sighing ; under medical treatment the
child eventually recovered.
Having now given what we hope will prove an interesting glance
of the most important and peculiar species of the genus Euphorbia,
we cannot do better than conclude this paper with Mr. Baines' own
description of the scene represented in his drawing. He says, in a
letter accompanying it : " In the sketch I send, I have endeavoured
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to reproduce such a scene as I have often witnessed near the rivers
of the colonial frontier, where the massive white stems, notched
with rings, marking the falling off of former leaves, bear aloft the
green chandelier-like leaves, where the beautiful Strelitzia reginœ,
the white arum or Galla Æthiopica, the cœrulean Agapanthus, and
many species of Amaryllis or Hæmanthus, border the pools or ornament the valleys, and where, too, often when I was in the country,
the stealthy Kafirs, aided by rebel Hottentots from colonial or
military service, or from border mission stations, crouched like so
many panthers among the rocks and bush till a passing waggontrain should be impeded by some accident or difficulty of the road,
when they would seize the opportunity to pour down a murderous
fire from every commanding point, killing, if possible, the driver,
or at least some of the trek oxen, so as to throw the span into confusion, and enable them to drive off the rest ; sometimes single
waggons or long unmanageable trains of fifty or sixty were captured
even from the military ; but not unfrequently the marauders found
to their cost, that the colonists with their trusty rifles, or the soldiers,
so soon as they relaxed their drill a little, and adapted their tactics
to the exigiences of bush warfare, were quite able to defend their
convoy against any disparity of numbers.'"
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who have heard or read for the hundredth time the passages
in the Gospel relating to the miraculous draughts of fishes (St. Luke
v. 4—6 ; St. Johnxxi. 11) will have asked the question, Of what
kind were the fishes thus captured and presented to the astonished
gaze of the disciples of Jesus ? Curiosity concerning such details is
abashed before the dignity of the holy narrative, and the inquiry
deemed utterly irrelevant by the believer. If, perchance, the
imagination supplies particulars for the completion of the mental
picture, objects of such a kind are substituted, as the individual is
wont to see. We certainly should like to behold an authentic
portrait of Jesus Christ, but as it is impossible to gratify this desire,
we generally substitute for it pictures idealized in accordance with
our accustomed notions, in the form of a perfect European face,
instead of that Oriental cast of physiognomy which a scion of the
house of David most probably bore. If Christianity had spread
over the Celestial Empire, as it did westwards, the Chinese would
have represented Jesus according to their ideas of manly beauty,
with flattened nose and obliquely slit eyes. So also Raphael and
Rubens, for their representations of the miraculous draught of
fishes, choose those fishes with which they were best acquainted,
but at the same time, feeling that the fishes of the Lake of Galilee
must in some measure differ from those of their own country, they
introduced some other kinds, creations of their fancy. Rubens
represented the fishes generally found in a Dutch fish-market, codfish and such like; and Raphael, moreover, introduced into the
foreground of this part of his famous cartoons a very conspicuous
group of cranes waiting for their share of the fishes which would be
left on the beach. He evidently was not aware that this bird feeds
on seeds and insects, and therefore did not hesitate to substitute it
for the heron, on account of its more picturesque appearance.
Artists of the present day pay a little more regard to such trifles,
but until a very recent period, they would in vain have sought
information from the naturalist with regard to the fishes of the Holy
Land. Interesting as the whole zoology of this country must be
even to those who do not care much for creatures from foreign
countries generally, comparatively little was known of it ; and
scarcely any attention has been paid to its fishes. Our knowledge
of the fish-faunas ceases with the Danube and Black Sea, and does
FEW
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not recommence until the Himalayas are reached ; the fishes of that
immense area, from Asia Minor over the whole of Central Asia to
the coasts of China, being unknown.* What we know of the fishes
of the Holy Land is soon told. In the year 1751, Dr. Frederic
Hasselquist, a pupil of Linnæus, visited Palestine solely with the
object of advancing the science to which he had devoted himself
under the guidance of his master. Unfortunately, he was in bad
health, and succumbed to the fatigues and cares of the journey
before its termination. His manuscripts were recovered and edited
by Linnæus ; and we find three species described therein. After
this, several examples of Cyprinoids, the first which reached Europe,
were deposited in the Paris Museum, and described by Valenciennes ;
and finally, it must be mentioned that an Austrian ichthyologist,
Heckel, described several species, not from the Holy Land proper,
but from Syria, which species, however, were afterwards rediscovered
in Palestine.
The first collection of Holy Land fishes brought to this country
was made by Th. W. Beddome, Esq., who visited Palestine in 1862,
and fell a victim to a malignant fever during his homeward journey.
Small as it was, it contained a Loach and a Barbel, hitherto unknown,
and a Blenny, a fish which we would not have expected to find in
freshwater so distant and unconnected with the sea as the Lake of
Galilee ;t these contents being of sufficient interest to make one
long for a more intimate acquaintance with this fauna. And we had
not long to wait. In the year 1863, the Rev. H. B. Tristram
organized an expedition into the Holy Land, of which he has since
given so graphic an account in his work, " The Land of Israel."
One of the principal objects of this undertaking was the exploration
of the natural history of the country ; and the collection of fishes
brought home by him, and examined and described by the writer of
these lines, contained, in numerous well-preserved examples, fifteen
distinct species, three of which were previously entirely unknown,
whilst eight others were added to the fauna of Palestine.
Mr. Tristram in his work mentioned above, has several times
occasion to allude to the immense number of fish found in the
Jordan and its affluents. Speaking of the Sea of Galilee, he says,
p. 426, "The shoals were marvellous—black masses of many hun* I am well aware of the valuable, yet fragmentary, contributions of A. Russell
Griffith, Count Keyserling, and Heckel.
f The occurrence of a blenny in the Lake of Galilee is a fact not quite beyond doubt,
Mr. Beddome's specimen was certainly in the same bottle with specimens from the Lake
of Galilee, but Mr. Tristram, who also found this fish, stated that his specimens were
collected in the JSahr el Kelb, a river running into the Mediterranean.
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dred yards long, with the back fins projecting out of the water as
thickly as they could pack." Casting nets appear to be the most
common means in use ; a second way of fishing is described thus :
"An old Arab sat on a low cliff, and threw poisoned crumbs of bread
as far as he could reach, which the fish seized, and, turning over
dead, were washed ashore, and collected for the market." Where
the travellers were not provided with fishing tackle, a crooked pin
proved as fatal an instrument, as the best Limerick hook. In the
briny water of the Dead Sea no fish lives, and it is only at the
entrance of the Jordan, and of rivulets, where the water is more
diluted, that fishes are found within its basin. Numbers of fish
lose their way into the water of the sea, where they die, and
numbers of them are constantly washed ashore and picked up by
birds.
The following is a complete list of the fishes at present known
to occur in Palestine :—
1. BUnnius lupulus (Blenny). Lake of Galilee, Nahr el Kelb.
2. Chromis nilotica \
3. Chromis simonis > (Chromis). Lake of Galilee.
4. Chromis andrece )
5. Hemichromis sacra. Lake of Galilee.
6. Clarias macracanthus. Lake of Galilee.
7. Cyprinodon dispar. Brine-spring, temp. 91°, near Usdom,
Dead Sea.
8. Cyprinodon cypris. Jordan.
9. Cyprinodon sophiœ. Ain Feshkhah (Dead Sea).
10. Discognathus lamta (Sucking Barbel). Ramoth Gilead.
11. Capoëta damascina. All over the country.
12. Barbus longiceps (Long-snouted Barbel). Lake of Galilee.
13. Barbus canis (Large-scaled Barbel). Jordan.
14. Barbus beddomii (Beddome's Barbel). Lake of Galilee.
15. Acanthrobrama sp. (Spinous Bream.)
16. Nemachilus galilæus ) jj0acj1 f Lake of Galilee, Dead Sea,
17. Nemachilus insignis )
( Jacob's well.
18. Anguilla Jluviatilis (Eel). Nahr el Kelb.
I do not intend to give here a full technical description of each
species ; but the following notes will be useful to the traveller who
may be desirous of identifying the species which he meets ; and I
shall also take this opportunity of making some remarks on the
geographical distribution of these fishes, and on the affinity of the
Palestine fish-fauna generally.
THE EEL.—The examples collected by Mr. Tristram, were from
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the Nahr el Kelb, and, hitherto, no specimens have been brought
to Europe from the Jordan; but as the European Anguilla jluviatilis is found also in North Africa, and extends eastwards to China
and Japan, we may assume that it will prove to be an inhabitant of
all the waters of the Holy Land suited to its habits. The examples
mentioned belong to the sharp-snouted variety, much resembling
the Eel from the Nile, which also generally has the snout much
pointed. Some naturalists have regarded the form of the snout as
indicative of specific difference, naming the specimens with a pointed
snout Anguilla acutirostris, Anguilla nilotica, etc; but I have convinced myself from an examination of a great number of examples,
that the form of the snout varies in the common Eel. A second
species does exist in Great Britain, and other parts of Europe and
Asia ; it is commonly called the broad-nosed Eel (A. latirostris) ;
however, not the broad snout is its distinctive character (which it
has in common with numerous examples of the common Eel), but the
backward position of the dorsal fin. There is no evidence of the existence of this species in Palestine, although it is not improbable that
it will be found in some of the rivers running to the Mediterranean.
LOACH.—Two other fishes, which the European traveller will
recognize as forms familiar to him, are the species of Loach ( Nemachilus insignis and Nemachilus galilœus). They are of about the
same size as the common English Loach, more prettily coloured,
and were obtained from the Sea of Galilee, and rivulets entering
the Dead Sea.
BARBEL.—The Cyprinoid genus, Barbus, of which there is but a
single species (B. fluviatilis), in northern and central Europe, is
represented in the Jordan by three species, viz., the long-snouted
Barbel {B. longiceps), the large-scaled Barbel (B. canis), and
Beddome's Barbel {B, beddomii). The first is very similar to the
Barbel of our rivers, having scales of the same small size, namely,
fifty or sixty along the lateral series of pores, which is called the
lateral line ; but it has the head, and especially the snout, much
more elongate. The two other species have much larger scales,
about thirty in the lateral line. Moreover, Beddome's Barbel has a
strong and posteriorly serrated osseous ray in front of the dorsal
fin, whilst in B. canis the same ray is feeble and without any
serrature. The long-snouted and large-scaled Barbels appear to
be common fish in the Jordan and Lake of Galilee, attaining to
about the same size and weight as the common Barbel; but of
Beddome's Barbel I have seen one example only, which is four
inches long.
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Three other fishes of the Carp, or Cyprinoid family, are known
to exist in the Holy Land, but they belong to types not found in
Europe. The first, ACANTHOBRAMA, has quite the appearance of a
bream, having a deep body, and a long, many-rayed fin behind
the vent ; but the dorsal fin is armed with an osseous spine which
is not found in European Breams. As I know of the existence of
this fish only from a single very small example, I suppose it to be
not a common fish in Palestine.
,
The second, CAPOËTA, is in appearance similar to a Barbel, and
has likewise the dorsal fin provided with a strong, bony ray, but

the mouth is differently formed ; it is entirely at the lower side of
the snout, and quite straight in a transverse line, the lower jaw
having a straight, sharp edge, covered with a horny brown layer.
These fishes are vegetable feeders, and probably scrape off with
this spatulate jaw any vegetable growth with which the bottom of
their abode is covered. They are confined to the rivers of Western
Asia, and the species of the Holy Land is one of the commonest
fishes all over Syria and Asia Minor, attaining to the length of a
middle-sized Barbel.
The third, DISCOGNATHUS, is another barbel-like fish, with the
mouth modified in a still more extraordinary manner than in
Capoëta. The mouth is also at the lower side of the snout, the edges
of the jaws being 'covered with a horny substance ; but, besides,
the lower lip is dilated into a broad disc, by which the fish is
evidently enabled to attach itself to some object, and to remain
stationary, without being carried off by the strong current of the
streams which it inhabits. Like the Loaches, it lives on the bottom,
which habit is also clearly indicated by the perfectly horizontal
position of its pectoral fins. It rarely reaches a length of eight
inches. The occurrence of this fish in Palestine is a most curious
fact, as it is specifically identical with a common Indian fish, desscribed by Hamilton Buchanan in his " Fishes of the Ganges," as
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Cyprinus lamta. It is found in all the mountain-streams of Assam,
Nepal, Cachar, Dekkan, Malabar, Ceylon, and probably in the
countries intermediate between India and Syria.
The CYPKINODONTS are very small freshwater fishes, somewhat of
the appearance of a young carp, but with distinct teeth in the upper
and lower jaws. The genus inhabiting Palestine, is found in what
is called the Mediterranean region, viz., South Europe, North
Africa, and Eastern Asia. These fishes, small as they are, are
remarkable in many respects ; as far as we know, most of the species
are viviparous; the two sexes are externally as dissimilar as in
Gallinaceous birds; one and the same species is capable of inhabiting cold, pure fresh water, brackish water, or briny pools, and hotsprings of a temperature exceeding 90° ; thus one species, C. dispar,
discovered in freshwater in Abyssinia, occurs also in the saline pools
of the Sahara, and in brine-springs on the shores of the Dead Sea,
in which no other fish can live. Three species have been discovered
in Palestine, and it requires a little attention to distinguish so closely
allied and diminutive forms; the principal characters are the
following :—
1. 0. dispar.—Dorsal fin with nine rays.
2. 0. cypris.—Dorsal fin with eleven or twelve rays. The eye is
as long as the snout, and two-sevenths of the length of the head.
3. C. sophicc.—Dorsal fin with eleven or twelve rays. The eye
is larger than in the preceding species, being longer than the snout,
and only one-third of the length of the head.
CLARIAS.—The fish which will have the strangest appearance in
the eyes of the European traveller, is one belonging to the Siluroid
family, and to a genus found in Africa and tropical Asia only, viz.,
a Clarias. Its origin is not from Western Asia, as that of Disco-

gnathus, but evidently from Africa, the species of the Lake of Galilee
being perfectly identical with one found in the Nile. It is a long,
scaleless, eel-like fish of black colour, with a many-rayed fin extend-
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ing along the whole length of its back, and another from the vent
to the tail-fin. Its broad mouth is surrounded by eight long barbels,
and the fins at the throat (pectorals) are armed with a spine. It
lives on the bottom, lying concealed in muddy places overgrown
with weeds, and watching for its prey, which chiefly consists in other
small fishes ; thus resembling much the eel in habit, as in appearance. The longest example of the Holy Land species, which I have
seen, is about twenty inches long, but probably it grows to a much
larger size, as African examples with a head twelve inches long are
by no means rare. The Clarias appears to be a common fish in the
Lake of Galilee, but is certainly one of those which the Jews were
forbidden to eat by the Mosaic law.
Wherever in Africa the Clarias is found, it is accompanied by a
fish of very different appearance, viz., CHROMIS and the kinds allied
to it ; and singularly enough, we find these two fishes also associated
in the Holy Land. Otherwise, these Chromids are an exclusively
African form, and there is no European fish to which they could be
compared except, in some respects, the Perches. Like these, they
belong to that great division of fishes which have the anterior part
of the fin on the back composed of a series of spines, and the
posterior of soft flexible rays; but the Chromids have that peculiarity
that the line of pores on the side of the fish (lateral line) is not
continuous, but interrupted on the posterior part of its course.
They are broad fishes of an oval form, shaped somewhat in the
manner of a Carp, with large scales. They swim in shoals,
feeding on vegetable and animal substances, and must be the best
eating fishes of the country, being esteemed as food in Egypt and
other parts of Africa. The largest specimens I have seen did not
exceed a weight of three pounds. Four or five distinct species are
found in the Lake of Galilee and Jordan, belonging to two genera :
a. Chromis includes the species in which the teeth of jaws are
distinctly lobed.
1. Chromis nilotica has sixteen spines in the dorsal fin, and
twelve or thirteen flexible rays ; the front series of teeth in the
upper jaw contains about seventy teeth ; therefore, the teeth are
very small.
2. Chromis simonis has fifteen spines in the dorsal fin, and only
ten flexible rays ; the lower jaw projects beyond the upper ; the
front series of teeth in the upper jaw contains about seventy teeth ;
therefore, the teeth are quite as small as in the preceding species.
3. Chromis andreœ.—The dorsal fin is composed of fifteen spines
and twelve flexible rays. The teeth are much larger than in the two
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other species, there being only forty or forty-six in the front series of
the upper jaw. .
b. HEMICHROMIS have been called those species in which the
teeth are simply conical and pointed, without lateral lobes or notches.

m
By this character as well as by the presence of only fourteen spines
in the dorsal fin, this fish may be readily distinguished from the
others.
BLENNY.—I have made above some remarks with regard to its
occurrence in Palestine ; and I may abstain from adding descriptive
notes, as the fishes of this genus are known to everybody. It is to
be hoped that future researches will confirm or disprove its existence in the Lake of Galilee.
Small as the fish-fauna of Palestine is, it presents points of
particular interest with regard to its affinities to other parts of the
Old World. The Old World Faunas are of three principal types,
viz., the (temperate) Europeo-Asiatic (Palæarctic), the Indian and
African (which are tropical). From the central position of Palestine
between these three faunas we might have drawn the inference that
affinities to at least two of them would present themselves, but we
would not have been prepared to meet with so intimate a connection
of these three most diversified faunas. The Blenny, the three
Cyprinodonts, the long-snouted Barbel, and the Eel are forms of
decidedly European type. The Indian type is represented by a
Discognathus, identical with a species from tropical India. But
most remarkable is the close affinity to the fauna of tropical Africa,
which here has its northernmost limits,* yet is represented in the
Jordan by three Chromids, one Hemichromis, and one Clarias, two
* I am well aware of the presence of a Clarias in the Orontes, which river, in fact,
belongs to the same fauna as the Jordan, and, moreover, is inhabited by a Mastacembelus,
another truly Indian form, which might also turn up in the Jordan.
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of them being specifically identical with fishes from the Nile. So
close an affinity appears to indicate that these two river-systems were
connected at a former period, at a time when the present fish-fauna
was already in existence.
Besides the fishes which may be regarded as representatives of
extra-Palestinine types, there remain those which are peculiar to
the Holy Land Fauna, or rather to what we may term the Syrian
Fauna (including Mesopotamia), viz., Capoëta and Acanthobrama.
Taking into consideration genera only, the proportions of the Syrian,
European, African, and Indian types may be expressed by the numbers 5: 5: 4: 3,—several of the genera being common to two or three
of the faunas.
Much still remains to be done in the ichthyology of the Holy
Land. Future researches will probably bring to light twice as
many species as we know at present. There are many fishes, especially of the Siluroid and Cyprinoid kind, which live a retired life,
or which are so scarce or local, that those only will be rewarded by
their discovery who are enabled to stay in the country for sometime.
When we consider that a trout is found in the torrents coming down
from the Atlas, another on Mount Olympus, a third in the rivers of
the Hindoo Koosh, we may well expect that the waters of the
Lebanon are also inhabited by their Salmonoid. Finally, our present
knowledge does not enable us to judge of the affinity or difference
of the fish-faunas of the rivers running into the Mediterranean, and
of those belonging to the system of the Jordan.

STEIN ON THE STENTOES.
{With a Tinted Plate.)

[Continued from p.

356.)

Stentor polymorphous is the commonest form of this interesting
family. Stein thus gives its specific characters :—t( Body attaining
large dimensions ; when fully outstretched, it is in front one-third
as broad as it is long ; commonly coloured a lively green by a rich
distribution of chlorophyll globules throughout the colourless
external layer, but not seldom colourless; nucleus a distinctlyjointed, rose-garland shaped band/' S. Mullen Stein regards as a
scarcely distinct variety of polymorphus, as it is only distinguished
VOL. m.—NO. VI.
E E
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from it by the absence of the chlorophyll globules, to which he does
not assign any specific importance.
8. polymorphus is found
extensively in Europe and America. Fully stretched specimens are
frequently 1—2"' (? half a German line) long, that is about 1—24", one
twenty-fourth of an English inch. The parenchyma of the body is
of greater consistency than is cœruleus or Eôsellii, and the changes
of shape take place with less rapidity. Stein says that in this
species he has not discovered the long bristles amongst the bodycilia mentioned in the former paper. The body-tissue is white,
with sometimes a yellowish tint, but not blue. The tissue between
the body stripes is often the seat of a more or less rich collection of
chlorophyll granules, and though these are frequently wanting,
they make a good distinctive character when they occur. From
the middle of spring till autumn, these chlorophyll globules may be
seen thick together, and they are then larger in size and darker in
tint. In winter or early spring they are sparsely scattered, and of
a pale, yellow-green colour, or entirely wanting. In summer,
colourless forms are often seen amongst intense green ones, but in
other respects, such as size and shape of nucleus, conforming closely
to the typical green form, and in many localities specimens occur
with scattered pale green granules passing gradually into the
colourless forms. 8. Mnlleri is an absolutely unmaintainable species.
The œsophagus of 8. polymorphus is difficult to see from the
thickness of the body and the presence of the chlorophyll granules.
Indeed it can only be observed clearly in colourless specimens.
In the inner parenchyma we mostly find only round foodvacuoles of small dimensions, which are commonly filled with
Uuglena viridis, small green or colourless monads or diatoms, with
occasional vorticella heads, but no large organisms.
On one occasion Stein found an individual containing two small
round bodies filled with an immense number of curled and intertwisted threads. He thought he had discovered spermatic capsules,
and attempted to isolate the creature for further examination, but
lost it amongst some algæ. He says he has not seen the slightest
trace of a "ring-canal" in connection with the contracted vesicle.
The long canal is not visible throughout its length in fully outstretched individuals. It is commonly seen as a continuous channel
in only half the body, as shown in Plate I., Fig. 1, g, above which it
presents the appearance shown in Fig. 2, g g'. In one specimen
caught at the beginning of division, two colourless astasiæ were
seen in the widened portion of the long canal, g} as shown in
Fig. 2, x x. These objects were very lively, changed their form, and
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swam backwards and forwards. No special membrane appears to
bound the walls of the long canal.
The nucleus in all the green individuals of this species, which
are not engaged in the process of reproduction, exhibits a variable
but never large number of rounded segments, strung together like
a rose-wreath, lying on the ventral side in the front part of the
body, curved more or less sharply from the front and right to the
back and left. Stein considers this form of nucleus as decidedly
characteristic of the species (8. polymorphus), and would only
admit into it such colourless members as conform to this description. 8. Millieri is, however, the only one of the group corresponding in size with polymorphus.
Most frequently he has found the nucleus to consist of from
eleven to thirteen divisions. Eight or nine have been found next
in frequency, fifteen or sixteen are rare, and in one case twenty
were found. Fewer than four divisions he has not seen, five and six
very seldom, but seven more often. The number of the nucleus
divisions stands in no relation to the age or size of the creature.
In very large specimens he has frequently met with only eight or
nine, or even six, while very little ones had from thirteen to fifteen.
The aspect of the nucleus is shown in Plate I., Fig. 1, n, and
Fig. 5.* The nucleus beads, round, or spindle-shaped, usually
hang together by short, narrow threads (Figs. 4, 5*, 6, 7, 8, 9), but
sometimes the connections are thicker, though the beads are always
well separated. Sometimes the hindmost beads show a gradual
increase in size as compared with those in front, but the first is
frequently bigger than those below. Frequently one or other bead
in the row will be lengthened and in process of cross-division, or
actually divided into two segments (see Plate I., Fig. 7).
Stein twice met with, what he considers, a " monstrous "
nucleus, with a branch, as shown in Fig. 5, composed of two or
three lateral beads, and he considered that this resulted from a
longitudinal instead of a transverse division. On what he deemed
a very fortunate occasion he encountered a wounded specimen, with a
nucleus, having eleven beads, of the character shown in Fig. 6,
with a distinct, opaque, central nucleolus (kerne) in each, mostly
including a larger or smaller white spot. The whole nucleus looked
like a row of eggs one behind the other, the central " kernel "
passing for a yelk vesicle. In other cases Stein found these Stentors
with nuclei, in which the beads did not exhibit any nucleoli, but
only homogeneous masses. At times one or more beads contained
* The branching beads from the main line are unusual—see below.
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very small nucleoli, without any of the vacuoles shown in Fig. 6.
In Fig. 4 a number of small nucleoli are depicted ; and in certain
individuals, while most of the beads were of this pattern,
some had only two or three, or four of the little granules. In
Fig. 6 the upper bead shows a nucleolus with four-cornered
vacuoles, the second has long unequal nucleoli, each with a vacuole,
and the third a large nucleolus with three little vacuoles. Fig. 7
shows, first, a bead dividing ; the second bead has an oval nucleolus,*
with three transverse vacuoles ; and the third a chaplet-shaped
nucleolus with seven transverse vacuoles one under the other.
Fig. 8 shows a bead with four solid "kernels/'' and below it
another bead, in which the nucleus membrane has been acted upon
by acetic acid.
All the Stentors of this species (polymorphus) resemble each
other pretty closely in size. Very small individuals, with chapletshaped nucleus are met with. When young the 8. polymorphus
is always colourless, and furnished with a round nucleus, as in
Plate II., Figs. 10 and 11, n n, and Stein has frequently noticed
such young forms in localities where 8. polymorphus, 8. cceruleus,
and S. Boesellii abounded. These forms may be the young of
cceruleus, but it could not be ascertained from which of the species
common in the locality they were derived. At a later period they
were developed into a young chlorophyll Stentor, and it was not
certain whether it belonged to polymorphus, or it might have been
a young S. igneus. Stein observes that it would be a great mistake
to infer identity of species from the fact of the young being indistinguishable, as this is the case in many creatures whose adult
forms show them to be widely separated species.
Twice in January, and at the end of November, he met with
green Stentors encysted, as shown in Plate I., Fig. 3, and in a locality
in which 8. polymorphus was abundant.
Each time the cyst
exhibited a peculiar structure. It was a broad egg-shape, sharply
truncated at the small end, and provided with a broad circular
mouth, closed with a well-fitting stopper, b, which protruded upwards in a half-round knob. The colourless and transparent cyst
wall, a, was of considerable thickness, and plainly showed that it
was formed out of thin superimposed layers. The stopper was
composed of the same material as the cyst wall, but was somewhat
softer, and not so plainly laminated. The enclosed animals completely filled its cell, and turned its hinder funnel-shaped end towards
the stopper. The rounded front end lying at the bottom of the
* " Nucleolus " is not here intended to mean more than Stein's lerne, or kernel.

cyst, as it appears in the drawing, did not exhibit any trace of the
peristome, but the contractile bladder was seen at c. The nucleus
had taken the form shown at n in one instance, and in another
instance was contracted into a spherical mass. The body stripes
were plain, and the sparsely scattered grain of chlorophyll pale
yellow-green.
Stein describes the encysting process as taking place when the
creatures are strongly contracted. They surround the whole of
their bodies, except the hinder end, with thick layers of the gelatinous matter, and when this has hardened, they close the aperture.
Quite different is the formation of the gelatinous dwelling-tubes,
which he has occasionally found to be constructed by the colourless
specimens of 8. polymorphus, but frequently by 8. Boesellii and
other species.
The process of multiplication by fission is very common, though
ordinarily it is only seen in the first stage, in which the Stentors
remain a long time. It commences by the formation, on the left
ventral side, of a narrow longitudinal protuberance, which begins
close behind the peristome of the mother creature, near the peristome
angle, and proceeds somewhat obliquely leftwards and backwards
to nearly the middle of the left side of the body, Plate I., Fig. 10, p'.
This is the first step towards a new peristome. At the commencement the longitudinal protuberance which represents the future
oral ciliary wreath is nearly straight or slightly bowed, and
furnished with very delicate cilia; but its lower end soon
curves inwards, while the upper portion takes the form of
a broad band, from which the cilia grow with an outward
direction.
Before the cilia have obtained their full size and strength, a
half-moon-shaped cleft appears in the lower curved end of the protuberance, which gradually widens and becomes the mouth, rolling
itself inwards in a left-handed spiral.
Stein describes and figures the nucleus of the mother Stentors
as preserving its pearl chaplet form until the mouth slit of the new
creature is formed, when its several beads coalesce, and form a
broad elongated oval body of homogeneous transparent material,
and without trace of any granules.
A change likewise occurs in the water canal system of the
mother creature. The long canal is divided, and a new contractile
vesicle formed just below the new peristome. The new contractile
vesicle is filled from the long canal, and sends its contents to the
old vesicle, from which they escape through the anus. As the
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division proceeds the new peristome becomes more distinctly divided
from the maternal peristome, and the nucleus stretches out to a
narrow band bent irregularly in and out, and reduced in the middle
to a mere thread. Stein was not able to follow the whole of the
fission process. Stein says the conjugation of the Stentors takes
place with the left halves of their peristome-field.
On the 24th of May, Stein discovered in a pond two very large
Stentors, filled with deep green globules of chlorophyll, and which,
in addition to the ordinary chaplet-formed nucleus exhibited
distinct embryo cells, but no trace of food. The nuclei in these
individuals was composed of twelve homogeneous beads in one case,
and eight in the other. The embryo cell, like that of the vorticellæ,
consisted in a colourless transparent substance, with a small contractile vesicle near the periphery, and an opaque kernel in the
centre ; and in one of them this kernel had several coarse granules
embedded in it. The embryo cells were larger than the nucleus
segments.
On the 4th and 6th of June following the preceding discovery,
Stein obtained from the same locality four large green Stentors,
which had no nuclei, but bodies like the embryo cells, but without
contractile vesicles, which he designates " germ-cells" (keim
Mgelu). One of the creatures had four of these bodies, two had
five, and one six. Their diameter was 1—75'" to 1—63"'. Each
one exhibited a round central opaque nucleus 1—190'"—1—125"'
in diameter, below which a second smaller number was often seen.
In the individual with five germ-cells, ten highly refractive homogeneous little balls, 1—150"' in diameter, and like flat globules,
were scattered amongst them. He could not determine whether
these bodies belonged to the nucleus.
Stentor cceruleus is described by Stein as having a body reaching
a large size : in fully outstretched specimens one-third as wide in
front as long. The whole material of the body coloured a more or
less deep blue. The nucleus a distinctly jointed rose-wreath
shaped band. It reaches the same size as S. polymorphus, and
there is no striking difference in its peristome, mouth, anus, contractile vesicle, or long canal. Its structure is, however, much
softer, and more yielding than that of S. polymorphus. The blue
colour constitutes the chief distinctive character.
The colour
resides chiefly in the stripes, the narrow spaces between them and
the inner parenchyma being almost colourless. In some cases the
colour is so pale that it disappears under the strong illumination
used with the microscope, and such individuals might be taken for
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colourless specimens of S. polymorphus, but the latter appear white
or yellowish white by reflected light, while the pale cœruleans exhibit
under the same circumstances a blue tint. .
In some specimens Stein found the peristome and upper portion
of a fine blue, and rest of the body colourless. In no case has he
found chlorophyll globules in S. cceruleus, but he has met with much
larger green bodies in those having the appearance of belonging to
the monads.
In the inner parenchyma a great number of irregular, round,
oval, or disc-shaped vacuoles are commonly seen, sometimes filled
with water only, and sometimes with objects swallowed as food.
In some instances each vacuole contained an Euglena viridis, giving
a green spotted aspect to the whole creature. For a considerable
time these Euglenæ remained alive, making their customary contractions and expansions before they perished and were digested.
Their appearances are shown in Plate I., Fig. 9, as are also spindleshaped vacuoles, v, v, v, filled with tufts of jointed threads of algæ.
The observation of these threads, Stein considers renders it probable
that what Claparcde and Lachmann took for spermatozoa were only
masses of vibrions. Although the nucleus generally resembles that
of S. polymorphus, it presents peculiarities tending to show that
cceruleus is a distinct species. The nucleus beads are mostly of a
long spindle shape, and separated by larger commissural threads
n, n, Plate I., Fig 9. The number of the beads is most frequently
from seven to nine, never more than thirteen, or less than four.
Young individuals possess a single oval nucleus.
(To be continued.)
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detection of extremely minute stars or satellites, especially in
the immediate vicinity of a more brilliant source of light, is not
perhaps a very eligible criterion of the perfection of a telescope.
Such feeble points are so easily extinguished by the least want of
translucency in the atmosphere, that they are deficient in the
stability and uniformity which a test ought to possess ; and they
are as much, or possibly still more, under the influence of what is
technically called " personal equation," or, in common phrase, the
different powers of vision in different individuals. Every one who
has been accustomed to use a telescope in company with others
must have remarked instances of such disagreement, arising occasionally from want of practice in this peculiar employment of the
eye, but frequently also from greater or less sensibility in the organ
itself. I recollect, on one occasion, when I was examining Saturn
with the splendid 8^-inch Alvan Clark object-glass, formerly
belonging to the late lamented Mr. Dawes, he had a distinct view
of Enceladus (the innermost satellite but one), where I could not
perceive a trace of it. This, however, was matter of little surprise :
it was no proof of inferior vision to be beaten in any respect by
that exquisitely perfect sight : but I have frequently been led to
infer a greater deficiency in my own power of picking out very
minute points of light, than of catching feeble nebulæ, or delicate
planetary or lunar markings ; and such variations, I believe, are
very frequent, and may be the cause of many discrepancies in the
THE

records of observations.
For these reasons, too much dépendance should not be placed
on objects of this class, as satisfactory tests of telescopic perfection.
They are unquestionably accurate in their indication ; but it is that
of a compound result in which the quality of both the atmosphere
and the eye are combined with the capability of the telescope. It
is only when the same eye is employed at the same time in comparing different instruments, and when two of these variable
quantities are thus eliminated, that such a criterion becomes of
absolute value. Still there is an interest attached in many minds
to these minute explorations ; and it is on this account that I
mention that I have recently had an excellent view of the little
companion, called by Smyth, with his o-fV-inch achromatic, "a
glimpse star/' n f the celebrated pair 77 Coronœ. I had seen it on
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one occasion with a very fine 10i-inch mirror by Mr. With, but had
never caught it with my own of 9}-inch, by the same maker. The
night of April 29, 1869, being clear, and definition very fair,
though not satisfactory as to steadiness, I found that this minute
point, though imperceptible with 65, was glimpsed with 110,
steadily seen with 212, and obvious with 450 (powers approximate).
It would probably have been still easier in perfectly tranquil air.
The most difficult ^object of this class which I remember to have
caught is the companion of fj, Andromedœ, seen once only by Smyth,
when the large star was hidden by a bar in the field. I have often
failed in perceiving it, even under apparently favourable circumstances, but on four several occasions have been able to hold it
pretty steadily with 450 in the full presence of its overpoweringneighbour. This star was rated 16 mag. by Smyth. Dawes considered it Hi, or at the most 111 of his scale, which was that of
Struve; 11^ being equal, he says, theoretically to Sir J. Herschel's
17 mag., 20 being the conventional limit of his 18£-inch front-view
mirror. I found it in the first instance, Oct. 19, 1867, without
knowing in which direction to look for it ; so that it is a fair proof
of the efficiency of silver on glass, both in point of light and
definition. It will give an idea of the extraordinary sensitiveness
of Mr. Dawes's eye to mention, that he informed me that he just
got an occasional glimpse of it, without previous knowledge of its
position, with an aperture of only 4— inches on his 8-inch objectglass. Yet this was at a date (Nov, 2, 1867), not long previous to
his decease, when he had " become fully convinced " that his vision
was " not quite what it used to be !"
As a comparative test of definition, independently of light, may
be useful to some amateurs, I may mention that on April 29, I saw
■n Coronœ doubtfully elongated with 110 (it would probably have
been decided on a better night), distinctly split with 212, and
separated by a black space equal to about either disc with 450 ; the
air, however, was not steady enough for an accurate judgment. On
the following night, definition being rather less favourable, Ç Bootis
appeared round with 110, but clearly divided with 212, and wide
apart, but less than a disc, with 450. The much larger size of the
discs in this case (3|- and 4-Í- of Smyth against 6 and 6£) accounts
for the greater difficulty of this pair, even if the central distance
should be the same (I have seen no recent measure of either).
But a few years ago, observations on nebulæ with a 9-}-inch
silvered reflector, however individually interesting, would have been
of no great value for comparison, as but few amateurs would have
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been able to check the results of an observer so provided. But
the case is now so widely altered, by the diffusion of instruments of
not dissimilar aperture, that the following notice may be worth
publication :—
The Earl of Bosse's Great Spiral Nebula in Canes Venatici (or
M 51) is a much finer object with the reflector than I had expected
from my recollection of its appearance in the 5^-inch achromatic.
In the latter I could only detect some feeble traces of irregular
distribution in the "halo" which the Earl saw as a spiral volute ;
but with my Newtonian, though the spiral character could not be
recognized, the general outline as drawn by him could readily be
made out ; nor could there be any doubt that what I saw resembled
his delineation much more than the half-split ring of Sir J. Herschel.
The filling-in with nebulous light between the centre and the ringwas very evident, as well as the external projection s p, from which
the spiral begins to be wound in, or what we might metaphorically
term the mouth of the shell. On this side a small star was very
distinct in the nebulosity ; it is shown in Nichol's figure (" System of
the World," Plate VI.) but not placed sufficiently south : other minute
twinkling points were at first suspected, but could not be verified
afterwards. A part of the great convolution equidistant from the
two nuclei, and a little / the line joining them, was brighter than
the rest of it. A power of 110, already overdoing the fight of the
achromatic, was here well borne, and perhaps 212 might have been
employed, but for the smallness of the field of that eye-piece.
Secchi, however, has observed that the object will not bear magnifying.
The place of this surprising nebula is E. A. xinh. 24m. D.N.
47° 52'. But as many of our readers may not be provided with
circles, it may be better to show how it may be found by sweeping.
Nearly 2° of a great circle p rj TJrsœ Majoris (the bright star at the
end of the tail), we notice a 5 mag. star (24 Can. Veil.) : s p this
are three much smaller stars lying in an open triangle, and just p
the star at the S. angle (or 2° s, a little p, from 24 Can.) lies the
object of our search.
It will appear but a feeble patch in an
ordinary 1 i-inch finder ; that of my reflector, having a little diagonal
mirror, shows it with difficulty ; but having reached the guidingstar, if we turn to the lowest power in the telescope, we shall readily
get it into full view. The night, of course, ought to be very clear,
and without a moon.
A marvellous contrast to this mysterious haze is the great
Globular Cluster in Hercules, M 13, to which one always returns
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with fresh pleasure and admiration after gazing on feebler objects.
The resolution with the reflector far surpasses that in the achromatic, and might be thought almost complete with 450, but for
the mention by H. of stars down to the 20th mag. I could not
make out the " dark lanes " figured by Lord Eosse, but there were
evidently some more vacant spaces, especially one small roundish
opening. The outliers are chiefly of the larger stars, and I could
not help suspecting that in this case, as in M 3, referred to in THE
STUDENT, NO. vi., p. 460, a central globe of smaller stars may be
viewed through an external shell of larger and much more thinlyscattered ones. The supposition there made, that the greater stars
may be sprinkled through, as well as around, the smaller mass, is
perhaps unnecessary, but the point requires closer attention than I
have yet given it, and probably superior optical means ; and should
the idea of an external shell of different character be substantiated, it
is possible that it may be found of more frequent occurrence and of
some special signification. The caution of Schròter well deserves
to be borne in mind, on this and many other similar occasions—
" With the largest telescopes we still always view the great works
of God in a remote background, and we can only hold to sure
observations, and to that which follows immediately from them."

THE EYESIGHT AND THE MICEOSCOPE.
BY HENRY

J.

SLACK, F.G.S., SEC. R.M.S.

I HAVE lately heard of several cases of persons purchasing microscopes, and soon becoming afraid to use them, lest they should permanently injure their sight. Now, if the instruments they used
were of even moderate merit, the fault of not seeing objects comfortably lay entirely with themselves.
It often happens that a
beginner with a microscope operates chiefly with transparent objects,
and floods the field with excess of light. Any of the paraffin lamps
in ordinary use for microscopical purposes, or such excellent oil
lamps as those which Mr. Pillischer supplies, give an immense deal
more light than is wanted to exhibit any ordinary objects properly,
either by transmitted or reflected illumination, and when this light
is concentrated by a bull's-eye, and reflected by the stage mirror in
full blaze, it is by no means wonderful that the eye is speedily fatigued.
A few objects may be advantageously shown under brilliant illumination, for the display of remarkable beauty in the variety of colours
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they present. The wing case of the diamond beetle and iridiscent
minerals belong to this class, and they should be viewed as we look
at flashing fireworks, or the lustre of jewels, for a brief space only,
and not in a prolonged stare. As soon as it is desired to make out
details of their structure, the light should be reduced to a moderate
pitch.
There are microscopic difficulties which involve prolonged effort
to decipher obscure markings, or indications, with which beginners
should have nothing to do, and which experienced microscopists
must cautiously deal with if they value their own natural optical
apparatus. Men who will sit up night after night, poring for hours
over vexatious diatoms, have no right to complain of the microscope
if they experience a deterioration of vision. Had they spent the
same time in attempting to read very small print in a strong blaze,
they would have been equally successful in wearying their visual
organs. Such practices are an abuse of the eye, to which, no doubt,
a penalty is attached.
The perfection of microscope work consists in its imitation of
natural vision. The instrument should extend the range of action
of the eye upon small objects ; but should not—except for brief
purposes of display—materially alter its character. Now, the first
thing to be attended to is to keep both eyes open, whether the
microscope be used for single or binocular vision. It is unnatural
for two-eyed people to shut one eye, and then make a prolonged
observation. There are occasions on which it is very desirable to
shut one eye for a few moments, as in taking an accurate aim with a
rifle, but with the microscope, or telescope, all that is necessary is to
acquire the habit of paying attention to the impressions made upon
the eye which looks through the instrument, and to disregard what
the other may see. Some people have no difficulty in so doing, while
others can only succeed if assisted by a little contrivance which many
observers have long employed. I mean a shade covered with black
cotton velvet, of which several forms have been- devised. The
simplest, which I have used for many years, is made of a piece of
thin cardboard about as big as a small quarto page, covered with
black cotton velvet, and pierced with a hole through which the tube
of the microscope, just below the eye-piece, is introduced. I have
found that everyone upon whom I have experimented, and who
felt it difficult to keep both eyes open, and only hole with one, could
easily accomplish it by this means. There is no doubt that the eyes
suffer considerably from the common practice of closing one, while
looking through a microscope, or telescope, for any length of time,
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with the other, and it is, therefore, well worth while to acquire the
more prudent habit I have described.
The next point to be considered is the method of modifying
the light, and diffusing it agreeably through the field.
When
artificial light is employed to show transparent objects, it is rarely
advisable to throw it as it comes from the lamp, or the bulPs-eye,
direct upon the object. For low powers and large objects, the best
contrivance I know is one which Mr. Browning made by my
direction a few years ago. It consists of two discs of glass, ground
on one side only. The two ground sides are placed in contact, and
the edges cemented, to keep them in position and exclude dust.
A freshly ground surface of good glass is remarkably pleasant to
the eye ; the cool dead white appearance it gives to transmitted
light is very agreeable, but its performance is deteriorated by
handling the ground surface, or by impact of dust. To keep the
surface in a fresh state I adopted the method just described, which
works excellently with 4-inch, 3-inch, 2-inch, and 1^-inch powers.
For two-thirds and half-inch powers, and smaller objects, I take an
ordinary slide, and place in the middle of it, on one side, a piece of
white foreign post paper, as wide as the slide, and about an inch
long, saturated with spermaceti, and covered with a piece of thin
glass, to keep it clean. A few thin chips of spermaceti are placed
upon the paper, and melted into it over a lamp. When this
spermaceti-paper slide is employed, the side bearing the paper is
turned downwards, and the slide carrying the object placed on the
uppermost side. By this means the texture of the paper is kept
out of focus.
Those who have an achromatic condenser should use the small
stops to moderate the light, as well as to obtain sharper vision.
I have recently been in the habit of placing below the condenser a
modification of Mr. Bainy's light moderator, which Mr. Browning
made to my pattern with some excellent grey glass in his possession.
This apparatus consists in a short tube fitting into the sub-stage of
my microscope, and capable of going under the condenser, or of
being used without it. The bottom of this tube is covered by a
brass plate, with a round hole in the middle. Two brass arms
moving upon a pivot, carry two disks of the grey glass, and one or
both can be turned so as to cover the round hole, and moderate all
the light thrown up by the stage mirror. This contrivance is very
effective in reducing glare.
Mr. Collins makes a good moderating diaphragm, by which the
aperture through which the light comes can be enlarged, or reduced
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to a mere point, at will. Messrs. Beck have adapted to the microscope a very elegant iris diaphragm, imitating the action of the
pupil of the human eye, and preserving a nearly round aperture,
whether dilated or contracted. These instruments have a double
use. They enable the quantity of light to be nicely graduated, and
thus save the eye from fatigue, and they permit us to observe with
great delicacy the varying degrees of transparency different objects,
or different parts of the same object, possess.
With diatom markings, and many other objects, a plan just
introduced by the Kev. J. B. Beade, F.R.S., President of the Royal
Microscopical Society, will be found very valuable as an aid to
distinct and pleasant vision. He places below the object an
equilateral prism, with one side parallel to the object. The light is
thrown on to another side, by means of a bull's-eye, in parallel rays,
and being reflected by the third side of the prism, enters the object
with moderate obliquity. It is not easy to explain why this illumination is so remarkably effective as it is found to be, but no one
who has seen it in use can avoid being at once delighted and
surprised.
There are many objects which can only be properly shown by
sending a very strong light through them, and if the whole field is
illuminated in the same proportion, the effect is wearisome and
painful. In such cases I strongly recommend the eye-piece made
at my suggestion by Mr. Boss, and known as my Diaphragm Eyepiece. In this eye-piece four shutters can be adjusted by small
milled heads, conveniently situated, so as to leave the entire field
open, or to shut off any portion of it that can be bounded by
square, oblong, or rhombic figures. By this means the object is, as
it were, framed in black, with just as much of light margin as
may be desirable. The adjustments are easily made to suit long,
thin, round, or square objects, as the case may require.
All the contrivances mentioned are adapted to binocular, as well
as to monocular vision.
Various modes of obtaining dark ground illumination, by the
spot-lens, parabola, etc., are much to be commended for certain
objects, not only for the beauty of the display, but for the comfort
of the eye ; and a small spot-lens may be advantageously used with
the binocular as a light-distributor, with powers that can take in its
whole pencil of rays.
It is much more common for persons to injure their sight by the
misuse of transmitted light with transparent objects, than for them
to experience inconvenience from any excess of reflected illumina-

tion ; and this results, not so much from any greater facility in the
exhibition of objects by the last-named method, as'from its beingone less frequently employed in conjunction with lamps. The reflected illumination obtainable in open daylight, out of the direct
sun, is never too strong, and is well adapted to objects of considerable size. To see smaller opaque objects clearly and comfortably
several contrivances are advantageous. Lieberkuhns have lately
been neglected by many observers to an unreasonable extent. For
low powers, a silver-side reflector, mounted on a brass stand with
universal motions, is extremely handy. Messrs. Beck make an
admirable parabolic reflector to fit to a 1£ or $ objective, and furl
nished with a moveable arm which brings a flat mirror into
such a position that the illumination is instantly changed from
slanting to nearly vertical, which enables some surface markings—
on metals, etc.,—to be made out with great distinctness. Mr.
Crouch has constructed a parabolic silver reflector (like Beck's),
with an universal joint to suit different powers, but without the flat
mirror, which for special purposes is invaluable. A lieberkuhn
works beautifully with Ross's -i-inch, Beck's small-angled -^ths,
and similar glasses of Powell and Lealand.
No microscopist should be satisfied without acquiring skill in
all the methods of illumination I have mentioned, and where objects
admit of being seen in a variety of ways, all should be tried, as
each will bring out some special feature. While an object is indistinct, the observer should avoid paying much attention to it.
He should simply watch the changes he can effect in attempts to
show it properly, and reserve steady examination until all the
adjustments are in order. Few persons are aware how much the
eye is under control of the mental faculty of attention, and what
advantages they may gain by acquiring the habits recommended in
the preceding remarks.
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ANNELIDAN "WORMS, OR ANNELIDES (ANNELIDA).
BY W. BAIRD, M.D., F.R.S., F.L.S., ETC.

(Continued from p. 335.)
THIRD ORDER.—TERRICOLA—EARTH-WORMS.

worms belonging to this third Order of Annelides, the Terricola, are such as live in general on the land, buried in the earth or in
dung heaps ; or such as live in tubes in the water, or in soft mud.
The degradation of all the organs requisite for the ordinary purposes
of life, is carried, in the case of these worms, to the highest degree.
The species of which the Order consists are usually deprived of
what, in the other Orders, are called feet, and have only a certain
number of bristles by which their movements are performed. They
have no distinct head, and of course do not possess either eyes,
antennæ, jaws, or proboscis. The mouth is usually placed at the
anterior extremity of the body, and sometimes gives passage to a
labial appendage. The body is distinctly segmented, and the setæ
or bristles, mentioned above (some of which are called spinets), are
partially retractile.* There are no external organs of respiration,
or branchiæ. On the body there is a more or less large series of
pores, which are believed to be the entrances to oblong vesicles
arranged along the sides, and in which the blood is aerated. This
fluid is almost always coloured red or yellow.t The Terricolous
worms are hermaphroditical and oviparous ; the young being like
THE

the parent from their very birth.
There are two rather large families belonging to this Order of
Annelides ; species of which are found in Great Britain. These are
the Lumbricidæ and Naides.
The first family Lumbricidæ is the most conspicuous in species,
and the earth-worms (Lumbrici) are the most typical. They are
much larger, fleshier, and more opaque than the Naides, and live
buried in the ground, or amongst decayed vegetables, and in moist
* There are three kinds [of bristles visible in this Order of worms, 1, the spine, with
a blunt base, tapering to a slightly bent point ; 2, the spinet, slightly bent, somewhat
like the italic letter S ; and, 3, the bristle proper, slender and setaceous,, only found in
some of the lacustrine forms.
f The nervous system in this Order of worms is very similar to that of the previously
described Orders, Errantia and Sedentaria (see Plate I., Eig. 3), showing the brain, medullary cords forming the esophageal ring, the large nerves goicg to the anterior extremity
of the head, and the ventral ganglie.
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soil. The bristles with which they are provided for locomotion, are
chiefly the spinets, those mentioned as like the italic letter S. In a
certain portion of the body, several segments coalesce to form what
has been called the clitellus, which is generally smooth and indistinctly annulated.
The common earth-worm, or dew-worm* (Lumbricus terrestris),
is the most abundant, and the best known species in this country ;
and its anatomy, general habits, and mode of life, have been made
the subject of many treatises by various authors.
It may be distinguished from the other kinds by its clitellus
consisting of six segments, of a smooth, glistening, yellowish brown
colour, by a mamillate-formed upper lip, and having on the second
segment two impressed furrows behind the snout, extended from
margin to margin, either separate (I I), or connected by a cross bar
like our letter HThe tail, instead of being quite round, is
flattened and spatulate.
The common earth-worm attains a length
of from eight to ten inches, though it varies very much in that
respect. The habitation which it prefers is a loose rich soil, more
especially a vegetable mould. It cannot live in either pure sand or
clay, nor in an over wet soil, nor in peat. In pastures, new or old,
it is often found under stones, lying in smooth runs which it has
made for an easy escape. The surface is smooth and glistening,
often iridiscent, which is more or less marked according to the
nature of the soil in which the worm is found burrowing. As I
have said before, they are hermaphrodite, but the copulation of two
individuals is necessary for the impregnation of the eggs. These
they deposit in capsules, at a considerable depth in the soil. Laid
in spring, the young are hatched in summer. The fœtal young
escapes through a tubulous aperture, visible at one end of the capsule, and is then rather more than an inch in length, and exactly
resembles the parent, except that we see no clitellus.
The earth-worm is for the most part a nocturnal animal. In the
night season, and at early morning hundreds may be seen, though
very few are to be found moving about in the day. This insignificant creature is of great use to man. "Earth-worms," says Gilbert
White, in his "Natural History of Selborne," "though in appearance a small and despicable link in the chain of nature, yet, if lost,
would make a lamentable chasm. For to say nothing of half the
birds, and some quadrupeds, which are almost entirely supported
by them, worms seem to be great promoters of vegetation, which
* So called "from the animal coming forth from its concealment, in the ' dew of the
morn,' and before the sun has dried up the moisture of the ground."—Johnston.
VOL.
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would proceed but lamely without them, by boring, perforating, and
loosening the soil, and rendering it pervious to rains and the fibres
of plants, by drawing straws and stalks of leaves and twigs into it ;
and most of all, by throwing up such infinite numbers of lumps of
earth called worm casts, which being their excrement, is a fine
manure for grain and grass. Worms probably provide new soil for
hills and slopes where the rain washes the earth away ; and they
affect slopes, probably to avoid being flooded. Gardeners and farmers express their detestation of worms ; the former because they
render their walks unsightly, and make them much work ; and the
latter because, as they think, worms eat their green corn. But
these men would find that the earth without worms would soon become cold, hardbound, and void of fermentation, and consequently
sterile." Mr. Darwin maintains a similar theory, and in an elaborate
paper read before the Geological Society, he essays to show'that
the earth-worm is a most active and powerful agent in adding to the
depth of the soil, and covering comparatively barren tracts with a
superficial layer of vegetable mould. He found upon his attention
being called to the subject, that several whole fields, which had
been covered with lime and burnt marl and cinders, had these substances buried in a few years to the depth of some inches beneath
the turf. The history of one of these fields, as related by him, is
very interesting. " Previously to fifteen years since it was waste
land ; but at that time it was drained, harrowed, ploughed, and well
covered with burnt marl and cinders. It has not since been disturbed, and now supports a tolerably good pasture. The section hero
was turf half an inch, mould two and a half inches, a layer one and a
half inch thick, composed of fragments of burnt marl (conspicuous
from their bright red colour, and some of considerable size, namely,
one inch by half an inch broad, and a quarter inch thick), of cinders,
and a few quartz pebbles mingled with earth ; lastly about four and a
half inches beneath the surface was the original black peaty soil. Thus,
beneath a layer (nearly four inches thick) of fine particles of earth,
mixed with some vegetable matter, these substances now occurred,
which fifteen years before, had been spread on the surface. The
appearance in all cases was as if the fragments had, as the farmers
believe worked themselves down. It does not, however, appear at
all possible that either the powdered lime or the fragments of burnt
marl and the pebbles could sink through compact earth to some
inches beneath the surface, and still remain in a continuous layer ;
nor is it probable that the decay of the grass, although adding to
the surface some of the constituent parts of the mould, should sepa-
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rate in so short a time the fine from the coarse earth, and accumulate the former on those objects which so lately were strewed on
the surface." The explanation of this is due, he says, to the
digestive process by which the common earth-worm is supported.
On carefully examining between the blades of grass in the field
above mentioned, there was scarcely a space of two inches square
without a little heap of the cylindrical castings of worms. It is well
known that worms swallow earthy matter, and that, having separated the serviceable portion, they eject at the mouth of their burrows the remainder in little intestine-shaped heaps. The worm is
unable to swallow coarse particles ; and as it would naturally avoid
pure lime, the fine earth lying beneath either the cinders or burnt
marl, or the powdered lime, would, by a slow process, be removed
and thrown up to the surface. This supposition is not imaginary,
for in a field in which cinders had been spread out only half a year
before, Mr. Darwin actually saw the castings of the worms heaped
on the smaller fragments. Nor is the agency so trivial as it at first
might be thought, the great number of earth-worms (as every one
must be aware who has ever dug in a grass field) making up for the;
insignificant quantity of work which each performs.
On the above hypothesis, the great advantage of old pastureland, which farmers are always particularly unwilling to break up,
is explained ; for the worms must require a considerable length of
time to prepare a thick stratum of mould, by thoroughly mingling
the original constituent parts of the soil, as well as the manures
added by man. In the peaty field, in fifteen years, about three
and a half inches had been well digested. It is probable, however,
that the process is continued, though at a slow rate, to a much
greater depth ; for as often as a worm is compelled by dry weather
or any other cause to descend deep, it must bring to the surface,
when it empties the contents of its stomach, a few particles of earth.
It is probable that every particle of earth in old pasture-land has
passed through the intestines of worms, and hence that in some
senses the term " animal mould " would be more appropriate than
" vegetable mould."—" English Cyclopædia."
If worms are really, at the present time, of use to the agriculturist, they were, if we may believe our forefathers, of no less value
to the physician in healing all manner of diseases. Though no
longer in use in our pharmacopeias, it may amuse the reader to
know what value was placed upon them by the ancient practitioners
of the healing art.
Topsell, in his history of serpents, thus writes—
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'' Earth-worms do niollifie, conglutinate, appeaso pain, and by
their terrestrial, and withall, waterish humidity, they do contemper
any affected part, orderly and measurably moderating any excesse
whatsoever. The powder of worms is thus prepared : They use to
take the greatest earth-worm that can be found, and to wrap them
in mosse, suffering them to remain for a certain time, thereby the
better to purge and cleanse them from that clammy and filthy slimynesse, which outwardly cleaveth to their bodies. When all this is
done, they presse hard the hinder part of their bodies neer to the
tail, squeesing out thereby their excrements, that no impurity, so
neer as is possible, may be retained in them.
" Thirdly, they use to put them into a pot, or some fit vessel,
with some white Wine, and a little salt, and straining them gently
between the fingers, they first of all cast away that Wine, and then
do they pour more Wine to them, and after tho washing of the
worms, they must also take away some of the Wine, for it must not
all be poured away (as some would have it), and this must so often
be done and renewed until the Wine be passing clear, without any
filth or drossinesse, for by this way their slimy jelly, and glutinous
evil quality is clear lost and spent. Being thus prepared, they are
to be dryed by little and little in an Oven, so long till they may be
brought to powder, which being beaten and searsed, it is to be kept
in a glasse vessel far from the fire, by itself. A dram of this powder
being commixed with the juyce of Marigolds, cureth the Epilepsie ;
with some sweet Wine, as Muscadel, Bastard, or the Metheglin of
the Welchmen, it helpeth the Dropsie. With white Wine and
Myrrhe, the Jaundice ; with new Wine or Hydromel, the Stone ;
ulcers of the Beins and Bladder : it stayeth also the loosenesse of
the belly, helpeth barrennesse, and expelleth the secondine, it
asswageth the pain of the hanch or hip ; by some the Sciatica ; it
openeth obstructions of the Liver, driveth away Tertian Agues, and
expelleth all Worms that are bred in the Guts, being given and
taken with the decoction or distilled Water of Germander, Wormwood, Southern-wood, Garlick, Scorum, Centory, and such like.
" The decoction of Worms made with the juyce of Knot-grasse,
or Comfery, Salomon's Seal, or Sarasius compound, cureth the
disease tearmed by physitians, Diabetes, where one cannot hold his
water, but that it runneth from him without stay, or as fast as he
drinketh. A glyster, likewise, made of the decoction of earthworms, and also taken accordingly, doth marvellously assuage and
appease the pain of the hemorrhoids. There be some that give the
decoction of earth-worms to those persons that have any congealed
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or clotted bood in their bodies, and that with happy successe. The
virtue of earth-worms is exceedingly set forth, both by the Grecians
and Arabians, to encrease milk in women's breasts." There is
scarcely an ill u that flesh is heir to," but may be cured by the
powder of the common earth-worm, if we may believe the same
learned Edward Topsell. Tooth-ache is cured by pouring a few
drops of a decoction of worms in oil, into the car. Applied outwardly, wounds are closed up, ulcers are cleansed, and darts or
arrows " shot into the body" are drawn out. Chilblains and " kibes
in the heels, sinews that have been cut or punctured, and broken
bones, may all be healed by the external use of this wonderful
powder. Pain is soothed, erysipelas cured, and scalds or burns are
healed by a plaster made of earth-worms."
Fables such as these were believed in ; but a more remarkable
fact, that many authors of celebrity have recorded from their own
experience, is still by many at the present day disbelieved. This is
the wonderful ease and rapidity with which lost parts are restored.
We have frequently mentioned, in the course of these papers, the
power which many Annelides possess, of reproducing lost or mutilated portions of their body. It was in the case of some animals of
this Order, however, that this faculty was first experimentally ascertained. M. Bonnet, of Geneva, struck with the curious history of
the fresh-water polype, Hydra, as communicated to him by Trembley, commenced a series of experiments of a similar nature, upon
some small worms living in the fresh waters of his neighbourhood.
" He cut some worms into halves, into three, four, and ultimately,
into as many as fourteen pieces. The halves he found became whole
worms ; the thirds and quarters also ; and the morsels grew to be
complete individuals, not to be distinguished from the common
stock."
Experiments were also tried upon the more terrestrial species
of Lumbricidæ, though not with the same uniform success.
Reaumur next commenced a series of experiments upon species of
earth worms, the terrestrial species of the Lumbricidæ. He cut
individuals into unequal halves, the anterior being made considerably shorter than the posterior, and he found that in less than two
days the anterior portion became a perfect animal. The posterior
portion was equally successfully developed, though more slowly, two
or three months being required to reproduce the anterior from the
posterior portion. Spallanzani then followed up these experiments
by fresh ones, and tho subject has lately been still further investigated by a careful series of experiments carried on by my -late

THE ANNELIDAN WORMS.

438

439

THE ANNELIDAN WORMS.

friend, Mr. Newport. I remember well his exhibiting a variety of
specimens at the Linnæan Society, establishing the fact by showing
the parts reproduced. These portions were generally smaller than
they were before amputation, but still they were completely restored.
Mr. Williams denies this, but negative assertions can never do
away with facts clearly established and faithfully set forth before
the learned world.
Worms form a favourite bait for anglers, though various species
are preferred by various fishes.
The common earth-worm, for
instance, is not a great favourite with trout, though it is much used
for entrapping eels and some other kinds of fish. The greatest
favourite with anglers for catching trout is the brambling, or
Lumbricus fœtidus. This is a remarkably pretty species of earthworm, of a reddish-brown colour, with alternate yellow and brown
segments. It is generally much smaller than the common earthworm, being seldom more than from two to three inches in length.
The clitellus is composed of six rings, and there are twenty-six
between the head and clitellus. The posterior portion or tail is
slightly tapered, not spatulate as is the case in L. terrestris, and the
yellow bands are most conspicuous on this part of the body. HeDce
a common name in some parts of the country, " the yellow tail."
" When fresh," these bramblings " exude, if touched, a yellow
pungent fluid of a very disagreeable and peculiar odour, which
stains the fingers, and leaves a smell which cannot easily be got rid
of for many hours." When immersed in spirits, the worm discharges a clouded fluid, mixed with sulphur-yellow colour, and
loses some of its markings. The brambling is chiefly found in old
dungheaps.
A very large species of worm, belonging to the terrestrial group
of this order of Annelides, occurs in the island of Ceylon. It was
named Megascolex, the " great earth-worm," by Mr. Templeton,
who first discovered and described it. The rings of the body,
instead of having a few series of bristles or spinets on them, as in
Lumbricus, etc., are surrounded with a complete circle of these
setœ. The species described by Mr. Templeton, Megascolex cœmleus,
is about from twenty to forty inches in length, and as thick as a
man's little finger. These worms are chiefly found after heavy rains.
Last November (1868), my attention was called to a curious species
of earth-worm, which had been exhibited to the Tyne-side Naturalists' Club by Mr. Draper, of Seaham Hall. They had been sent
to him by Mr. Johnston, gardener at Plas Machynllyth, in North
Wales. Upon a close examination of several five specimens sent to

me by Mr. Dinning, secretaiy of the club, for identification, I found
that each segment had the circular row of bristles, and that therefore it must belong to the same genus as the " great earth-worm "
found by Templeton in Ceylon. No species of this genus had ever
previously been found in Europe, and it was therefore extremely
interesting to find one of a group, up to this time considered
peculiar to India, occurring in our island. This worm I described
some time ago at a meeting of the Zoological Society, and named it
Megascolex diffringens. It was found by Mr. Johnstone in an old
hot-bed for stove plants in the garden at Plas Machynllyth, and
may possibly have been introduced to this country along with some
plants from India. The worm is an extremely lively animal, twists
itself like an eel in all directions, and possesses the faculty of
breaking its body up into several pieces. Though small when compared with its ally from Ceylon, it reaches a length of four or five
inches, with a circumference of three fines, and forms a very interesting addition to our fauna.
The second family of this Order is that of the NAIDES. The
worms belonging to this family differ from the Lumbricidæ in having
a head distinct from the body, and the first three or four segments
of the body being destitute of bristles.
The mouth is exactly
terminal, and they do not possess, as the earth-worms do, a terminal
lip. They are small, pellucid, vivacious worms, all truly lacustrine,
either free and living amongst sub-aquatic plants, or partially parasitical and subsisting within the shells of fluviatile mollusca. They
differ from the earth-worms by having a more completely flattened
body, and by the body being furnished with comparatively long
setaceous bristles. The segments of which the body is composed
are not so distinct as those of the earth-worms, and each is armed
with two different kinds of bristles.
The superior bristles are
setaceous, and always collected in small fascicles ; the inferior are
in the form of spinets, forked at the apex. With these the Naides
creep about actively, and are even able to swim. The species are
zoophagous, living on small animals ; and though in all probability
oviparous, they are remarkable for their facility of multiplying by
spontaneous division.
" This fact has been particularly noticed by British naturalists,
in the case of Nais (Stylaria) lacustris, or proboscidea, a small
linear or round worm, about half an inch long, that is common
about the roots of aquatic plants in our ponds and ditches. When
this process commences, says Mr. Lewis, who has watched the
operation, the little worm begins to form a second head near the
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extremity of its body. After this head, other segments are in turn
developed, the tail or final segment being the identical tail of the
mother, but pushed forward by the young segments, and now
belonging to the child, and only vicariously to the mother. In this
state, he adds, we have two worms and one tail."
The British species of the Naides are few in number, and have
had very little attention paid to them.

setting at the end of the month about a quarter past twelve. On
the evening of the 19th, he will be very near the Moon.
THE MOON.—New Moon occurs at lh. 38m. on the afternoon of
the 9th day ; first quarter at 6h. 48m. on the morning of the 16th ;
and Full Moon at lh. 55m. on the afternoon of the 23rd. We may
just mention that Copernicus will be on the terminator on the evening of the 17th, Tycho on the 18th, and Aristarchus on the 19th.
OCCULTATIONS.—Two occultations of stars by the Moon will take
place during this month in the evening hours before midnight, but
in neither case is the star of any considerable brightness. The first
is that of 49 Libræ on the 18th, which disappears at 8h. 16m., and
re-appears at 9h. 33m. As the time of the former phenomenon
is only ten minutes after sunset, the star, which is only of the fiveand-a-half magnitude, will be overpowered by the daylight. The
re-appearance may perhaps be caught, if looked for in the right place,
59° from the Moon's highest point, to the left hand as seen in an
inverting telescope. The other occultation is that of 45 Aquarii
on the night of the 25th. The star disappears at llh. 2m. at 155°
from the highest point to the right hand side, and, after being
hidden for the space of only nineteen minutes, reappears at llh.
21m., very near the lowest point of the Moon. As she is only two
days past the full, it will not be easy to catch the exact time of reappearance, particularly as the star is of only the sixth magnitude.
SOLAR OBSERVATIONS.—Dr. Tietjen, of Berlin, has been making
farther observations of the envelope of gaseous matter surrounding
the Sun, which first discovered its existence to astronomers in the
protuberances seen during solar eclipses. He has extended the
method of " seeing without perceiving " them, by the application of
the spectroscope to the circumference of the Sun's disc ; when the
appearance of the bright lines frequently indicated the presence of
protuberantial matter, and even enabled him on several occasions to
examine the shape of the outline of some portions of it.* Thus, on
February 6th, a pillar-shaped protuberance showed itself, broader at
the base than at the apex, which, in the course of a few hours, became curved. On the 15th of the same month, bright lines were
seen all round the edge of the disc. A very beautiful protuberance
exhibited its bright lines on the afternoon of the 1st of April, the
line known as C shining with great intensity. The size of the prominence was very considerable ; in shape it resembled a waterbottle, whose neck rested perpendicularly upon the Sun's limb. On
searching for it again the next morning, nothing could be seen, but
some short bright lines immediately on the disc.
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BY W. T. LYNN, B.A., F.R.A.S.
Of the Royal Observatory, Greenwich.
THE present month is not one that affords much scope for profitable
telescopic scrutiny of the orbs of heaven, particularly of the more
distant stellar ones, beyond our own system. At no time in the
month does it become dark before nine o'clock in the evening, and
the lingering twilight interferes with the visibility of the fainter
celestial objects through nearly, if not quite, the whole of the night.
The positions of the large planets will be as follows :—
MERCURY arrives at his greatest western elongation on the 17th,
and is therefore visible only in the morning.
VENUS continues visible for a short time only after sunset, setting
at the beginning of the month about a quarter past nine ; afterwards
earlier, on account of her rapid motion in declination towards the
south, so that at the end of the month, she will set at a quarter
before nine. She is returning from superior conjunction, having
been in that position in May, so that she is gibbous in appearance,
and her distance from us great, but diminishing in the course of the
month from 153 to 142 millions of miles.
MARS sets at the commencement of the month a little after
eleven o'clock, and at the end of it by a quarter before ten. His distance from us is increasing, and as he is passing to the south of the
equinoctial, he will not be well observable in this part of the world
after the present month. In the first week, he passes from the constellation Leo into Virgo, and will be very near the third magnitude
star, /3 Virginis, on the evening of the 10th.
JUPITER now becomes observable towards midnight in the constellation Aries ; rising, at the end of the month, about eleven o'clock.
SATURN is visible during the whole of the first half of the night,

* "Astronomische Nachrichten," No. 1757.
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The lines which were usually seen were those corresponding to
the dark lines in the solar spectrum C and F,* and a third near, but
not coinciding with, the dark line D. Of these the first was nearly
always considerably the most intensely luminous ; generally also
longer than F, and frequently than the third near D. Dr. Tietjen
several times thought he saw traces of other short bright lines, but
was not certain of their reality. But on the 25th of March, about
noon, a fine bright fine between D and E was positively seen, but he
could not decide whether it coincided accurately with the position of
any dark line.
We cannot but feel great satisfaction at the prospect of the
continuous increase in our knowledge of solar physics which must
result from the means now afforded by the spectroscope of studying
frequently those protuberances so long considered to contain
mysteries of which a solution could only be sought on the rare
and brief occasion of a total solar eclipse. The existence of masses
of gaseous matter round the sun, and particularly of hydrogen
in great abundance, is clearly indicated and fully established by the
appearance of the bright lines in question, and by the especial
intensity and length of the line C.
It is, indeed, curious to reflect how little Wollaston, when, in
the year 1802, he saw a few of the dark lines of the solar spectrum
by merely receiving through a prism a thin line of light admitted
into a darkened room by an aperture in a window-shutter, could
have imagined the important consequences which would, in little
more than half a century, result from the persevering and accurate
study of these lines. Had Newton, when by a similar method he
first, to use the poet's expression, " untwisted all the shining robe
of day," examined the spectrum directly by bringing the prism
close to his eye, he would in all probability have anticipated Dr.
Wollaston's discovery, made nearly two centuries afterwards.
The only conclusion the latter appears to have drawn from his
observation of the lines was, that it afforded the means of definitely
dividing the coloured spectrum into four parts. A distinct dark
line separated, he stated, f the red and orange part on one side,
and the violet alone on the other, from the remainder of the
spectrum. The large space between was less distinctly divided
into two by a dark line between the green and blue part ; the
* Dr. Tietjen afterwards noticed, as Father Secchi had before, that this bright line
does not accurately coincide with the dark line F, although it is quite close to it.
Also that there is a very fine dark line near D, coinciding with the bright line seen by
him.
t " Philosophical Transactions," 1802, p. 378.
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division having a finer dark line a little distance on each side of it,
either of which might, in an imperfect experiment, be mistaken for
the division itself.* Thus Dr. Wollaston thought he had rectified
the ideas both of those who considered that there were seven
primary colours, and of those who imagined that these might be
reduced to three.
And in this state his discovery remained until, in the year 1815,
Fraunhofer, by using a telescope to magnify the prismaticallydispersed spectrum, observed and accurately measured the positions
of hundreds of these lines, since which time they have been known
by the name of Fraunhofer's lines. After this time they occupied
much of the attention of scientific men in several countries; but it
was not until the year 1860 that Kirchhoff arrived at a true and
satisfactory view of their origin. Less than ten years has now
elapsed since he succeeded in converting the bright lines emitted
by several vaporized metals into dark lines when their spectra were
viewed through the same vapours at a lower temperature ; and a
very large number of these lines were identified with those of the
solar spectrum. It is not, of course, our intention here to enter
further into the history of the great advances which science has,
in this comparatively short interval, been thus enabled to make ;
but we have thought it worth while, at a time when still further
advances seem about to be made, to recall to the recollection of
our readers the first small beginnings of such marvellous and
admirable results.
VARIABLE STARS.—The known variables, of long period, which
will this month reach their maximum of brightness, are seven in
number. As they may be all visible during some part of the
evening, we annex a table of their places (for the present year),
probable length of period in days, maximum and minimum of
brightness, and the date about which they may be expected to
arrive at a maximum :—

E Scuti
E Vulpeculæ
T Herculis ...
E Delphini ...
T Sagittarii..,
S Coronæ ...
S Cephei
,

N.P.D.

E.A.

XAME OF STAB.

h.
18
20
18
20
19
15
21

m.
40
58
4
8
8
16
36

s.
29
33
8
36
40
3
49

0

95
66
60
81
107
58
11

»

51
42
0
18
14
10
58

PERIOD.

days.
72
138
165
283
348
361
491

MAGNITUDE.

Max.
4-7
7-5
7-5
7-8
7-6
65
8-2

Min
9
13
12
12
11
12
nè

DAT OF MAX.

July 6
5
21
9
uncertain
July 16
5

* The three " divisions " of Dr. Wollaston correspond to the lines now known as
D, F, and G.
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—We had hoped in this number to have been

WINNECKE'S COMET.

able to give the results of the observations of this small body which
have been made during the two months of its visibility since last
April; they were, however, not to hand at the time of our going to
press. Rumker, the well-known director of the Hamburg Observatory, appears to have been the first person who saw it after Dr.
Winnecke, on the 14th of April : after which he and his assistant,
Dr. Helmert, obtained a valuable series of observations, commencing on the 28th. They describe the comet as a roundish, very
diffused nebulous object, more than two minutes of arc in diameter,
with a strong central condensation, of about forty seconds, within
which a nucleus several times showed itself, and on the 29th of
April, two nuclei very close together ("Astronomische Nachrichten,"
No. 1759). Mr. Perry, of Stonyhurst College, succeeded also in
observing the comet on the 11th and 12th of May, but could see no
decided nucleus. (Monthly Notices of the R.A.S., vol. xxix., p. 300.)

Almost thirty years before, an English physician, well-known as a
popular writer of his age, Andrew Borde, published a book entitled,
" The first boke of the Introduction of Knowlege," treating upon
the différent peoples of the earth and their languages, in the first of
which he speaks of the " naturall disposicion of an Englyshman."
The subjoined cut represents exactly the same idea as that
here ascribed to Lucas de Heere, in evidence of which I here

WOMANKIND:
IN ALL AGES OP WESTERN EUROPE.
BY THOMAS WEIGHT,

F.S.A.

CHAPTER XV.
HOW ENGLISHWOMEN LOOKED IN THE
ELIZABETH.

AN ENGLISHMAN IN DISTBESS.

DAYS

OP QUEEN

In the reign of Queen Elizabeth, the painters and engravers employed in England were mostly Flemings or Dutchmen, who took
up their residence here. One of the former was Lucas de Heere,
a talented painter, born at Ghent, in 1534, who resided a part of his
life in our island, and returned to die at his native town in 1584.
He is stated to have been employed in 1570 to paint a gallery for
the Lord High Admiral, Edward, Earl of Lincoln, in which he was
to represent in compartments the habits of different nations ; and
Horace Walpole, to whose " Anecdotes of Painting " we owe this
information, tells us that, when he came to the Englishman, instead
of representing him in a well-known costume, he painted a naked
man, with cloth of different kinds lying by him, and a pair of shears
in his hand, in doubt as to what form of costume he should adopt,
intending it for a satire upon the fickleness of fashions for which
the English were then rather celebrated. The satire, though somewhat severe, was not an original thought with Lucas de Heere.

give a copy of it. It is followed by verses, the first six of which
read as follows :—
" I am an Englysh man, and naked I stand here,
Musyng in my mynd what rayment I shal were ;
Eor now I wyll were thys, and now I wyl were that ;
Now I wyl were I cannot tel what.
All new fashyons bo plesaunt to me ;
I wyll have them, whether I thryve or thee (flourish)."

The satire conveyed in these verses was severe; but it was
not applicable to Englishmen alone, for it was much the same
in France, where individuals appear to have borrowed the details
of their costume from whatever foreign peoples they chose, and we
hear of one who would wear a pourpoint à la Suisse, of another who
would wear a -pourpoint à VAllemande, a third a pourpoint a
VBspagnole, and so on to any extent. In fact, we seem to have
derived this excessive love of variety from France, although in
the earlier half of the sixteenth century, and in the reign of
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Elizabeth, there was a decided tendency in England to imitate
the dress of the Spaniards, and that of the Low Countries. It is
worthy of remark that, in both countries, France and England, this
love of variety in finery is spoken of as being more conspicuous in
the men than in the other sex ; and this has always been the case at
periods of which vanity in dress formed the especial characteristic.
There is something almost grotesque in the male dress of the reign
of Queen Elizabeth, more so even than in that of the ladies.
If we look at an Englishwoman of that age, we see that the
Middle Ages have passed away, with all that their dresses presented
of ease, elegance, and grace.
The costume of the Elizabethan

COURTIERS OF THE REIGN OF ELIZABETH.

ladies was stiff and very formal ; the more so as they were more
elevated in rank and fashion, increasing, indeed, in this respect, up
to royalty itself, and they were certainly not graceful. In our second
cut, we have a group of ladies and gentlemen of Elizabeth's court,
taken from a contemporary painting representing the queen's visit to
Hunsdon House in 1572, which was engraved by Yertue, and published by the Royal Society of Antiquaries in the last century.

HOW ENGLISHWOMEN LOOKED IN THE DAYS OF QUEEN ELIZABETH.

447

The lady in front, dressed in white, is believed to represent Lady
Hunsdon herself. It will be seen at a glance that there is a general
resemblance in character between the garments of the two sexes ;
both wore the light close vest, which was called the doublet, and
which, in the character of a somewhat looser vest of the same description, which was sometimes worn over the doublet, was called
a jerkin or jacket. This doublet, as will be seen, differs little in the
two sexes.
It descended to the girdle, and there joined, in the
men, the hose ; and in ladies, the farthingale. The hose represented
the breeches of a later period : but at this time they were stuffed
out with different materials to an enormous width, as shown to some
extent in our cut, and they were made of costly material, often
purple or scarlet. These wide-stuffed hose were commonly known by
the name of trunk-hose ; they were usually stuffed either with wool,
or hair, or often with bran. Among the stories told of these hose
by the satirists' of the time is one of a fashionable gallant, who
wore hose of large dimensions ; a nail of the chair on which he sat
tore a hole in his hose, whereby, when he rose to bow to the ladies,
the bran poured out as from a mill. A cry was raised against this
fashion as carrying away the supply of hair from other more useful
purposes, and making it rare and expensive, even to the destruction
of the tails and manes of horses ; and there is an English satirical
song of the reign of Elizabeth entitled, A lamentable complaint of
the pore countrymen againste great hose, for the losse of their cattelles
tails." The hose were sometimes embroidered, and richly ornamented
in other manners.
The farthingales, or verdingales, of the ladies represented the
French vertugale ; they joined the doublet at the girdle, like the
hose, and were stuffed out, not with bran, but with hoops. In fact
they represented the hooped petticoats of the last century, and our
more modern crinolines. They appear often to have been expanded
to a very great width. From the hose, in the male sex, descended
the stocking, called more usually in Elizabeth's time, the netherstocks, which also were made of rich material, and were much
ornamented, and had ornamental and even jewelled garters, which
was the case also with the ladies, though their stockings and garters
were not like those of the men, always exposed to view. To the
dress of the ladies, at this period, belongs another article of dress,
the petticoat. This garment—which appears by its name to have
been a petite cote—originally belonged to the other sex, and thus
occurs not unfrequently during the fifteenth century. In the
" Promptorium Parvulorum," an Euglish-Latin Dictionary of that
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period, it is explained by tunicula, a little tunic, and in a record of
the same period, we have mention of a " petticote of lynen clothe,
withought slyves," so that it appears to have been an outer garment,
perhaps having some relation to the kirtle. Its real character even
during Elizabeth's reign, is not very clear, but it is spoken of as
made of silk, and as rather an expensive article of dress. A short
Scottish poem of this period, by a well-known poet, Sir Richard
Maitland of Lethington, entitled a " Satire on the Town Ladyes/'
speaks of a wylie coit or wylecot, as being richly embroidered and
sewed with lace, as being under the gown of the ladies, and above
their hose and stockings, for he remarks of them, that—
Sumtyme thay will beir up (raise up) thair gown,
To schaw thair wylecot hingeand (hanging) down ;
And sumtyme bayth (both) thay will upbeir,
To schaw thair hois (hose) of blak or broun ;
And all for newfangilness of geir.

This " wylecote " must have been an under garment, and the
modern petticoat is no doubt to be dated from this period. " Newfangleness " was the word now introduced to signify the rage for
new fashions which had seized upon people in general, and, as
stated above, was displayed more strongly by the male than by the
•female sex. I have alluded above to the readiness with which the
English especially were accused of borrowing new fashions from all
the nations around. A satirical writer, of the reign of Elizabeth,
named Samuel Rowlands, in a volume of Epigrams, printed in 1600,
tells us that the doublet was borrowed from France, and the hose
from Germany. He speaks of " a most accomplished cavalier "—
Walking the streets his humours to disclose,
In the French doublet and the German hose ;
The musses, cloake, Spanish hat, Toledo blade,
Italian ruffe, a shoe right Flemish made.

Connected with the doublet I have to speak of another article
in modern dress, the boddice or stays. There can be no doubt that
the practice of bracing up into a slender form the upper part of
the female body by means of laces, as in our stays, existed in the
twelfth century, as we have satirical allusions to it in the illuminations of that period, when it appears to have been one of the
newfangled " fashions of the period, but as we have no allusion to
it afterwards, nor anything in the costume of the illuminations of
manuscripts down to the sixteenth century which would lead us to
suspect it, we are led to suppose that it was a fashion soon laid
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aside ; but the form given to the body in the dress of the reign of
Elizabeth betrays at once the presence of a contrivance of this
kind. In fact they are alluded to by the popular satirical writers of
the day, one of whom, who wrote in 1596, Stephen Gosson, describes
the stays of that time as—
These privie coats, by art made strong
With bones, with paste, with such like ware,
Wherby ther back and sides grow long,
And now they harnest gallants are ;
Were they for use against the foe,
Our dames for Amazons might go.

It is from this period, no doubt, that we derive our modern
stays ; but at that time they were in use equally among both
sexes.
Above the doublet came the ruff, which surrounded the neck,
and which also was common to both sexes. According to Rowlands,
as quoted above, the ruff was derived from Italy. It was often of
extravagant dimensions, and was stiffened by what appears to have
been then a newly invented article, starch. The ruff was often
fringed with lace, and otherwise ornamented.
Much labour and cost, as may be supposed, were expended in
dressing and adorning the lady's head. The hair was curled and
twisted into a variety of forms, and was further bedecked with
gems, and with stars, and other ornaments of gold and silver. It
was frequently dyed of the colour which suited each person's particular taste, and the fashion now became general of employing
false hair, to increase the bulk of that which the lady possessed of
her own. Perriwigs were also introduced at this period, and another
new custom, of which we now hear for the first time, was that of
wearing ear-rings, which is said to have prevailed more among the
gentlemen, the gay gallants, than among the ladies. The latter,
perhaps, hesitated in submitting their ears to be pierced. Above
the head-dress was worn a hat, which varied very much in shape,
but generally presented little elegance of form. Beaver hats were
now introduced, but they appear to have been rather rare and
expensive. The introduction of two other articles belonging to the
toilette may be ascribed to this period, and must not be forgotten.
The first was the fan. The fan of the Elizabethan age was usually
made of feathers, like the fans still in use in the east, from whence
it was probably derived. The handle was often very richly ornamented, and set with precious stones, and even with diamonds.
VOL. III.—NO. VI.
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As the lady who made any claim to dress in fashion was never
without her fan, it was usually suspended to the girdle by a chain.
A satirist of the day, Stephen Gosson, already quoted, approves of
the fan if employed in the right time of the year, when
they were useful for driving away flies, and for cooling the

had come into the world. This was the art of printing. The
printing-press which William Caxton set up in the
Almonry of Westminster
Abbey forms the true division between the old world
and the new in our island.
Not that the books which
followed for some years
after this invention was
brought in had any great
social interest; but, gradually the new voice made
itself heard, and there can
be no doubt that at the
time of which we are now
speaking, the press had
already become the great
moving power in social and
political progress. In our
country, the example of our
neighbours, and especially
of France, had brought in
a great amount of pride,
and extravagance, and
other social evils, which
threatened society itself,
THE COTTXTESS OF DEBBT.
but there was rising up
against this a very decided and powerful resistance, in which
became united a variety of principles and sentiments which finally
made themselves heard under the name of Puritanism. Their
weapon was the press, and through it they showed themselves first
in the form of satire, as well as of remonstrance and declamation.
The number of satirists upon contemporary manners and feelings
during the Elizabethan age, when they first became active, is quite
remarkable. I have already quoted more than one, but I will now
introduce the most remarkable of them all, for the manner in which
he takes up and criticises the dress of his fair countrywomen.
Philip Stubbes was a violent and fearless Puritan ; he appears to
have been a Londoner, but he was apparently educated in Cambridge, and his name is connected with that and the sister university.
Stubbes, like many of the popular reformers of his times, was a
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skin.
But seeing they are still in hand,
In house, in field, in church, in street ;
In summer, winter, water, land,
In cold, in heat, in dry, in weet;—
I judge they are for wives such tools
As babies are in plays for fools.

Another article usually carried by the fine lady, was the mask,
a fashion which appears to have been imported from France. Ben
Jonson calls them " French masks." The mask of the Elizabethan
age only covered the upper part of the face.
Thes- details of the
costume of our English
ladies of the reign of
Elizabeth will perhaps be
better understood by the
two accompanying figures.
The first represents Queen
Elizabeth herself in her
state dress. Her doublet,
as will be seen, is buttoned
down the breast to the
waist, where it joins the
spreading farthingale. Her
hair is here curled, and surmounted by the crown. The
other is understood to represent the Countess of
Derby, and is taken from a
photograph of the original
portrait in the South Kensington Museum. Her ladyship's ruff is plainer in chaQUEEN ELIZABETH.
racter than that of the
queen, and her hair is surmounted by a small hat, much in the style
of those worn by ladies of the present day.
Since the Middle Ages had expired, a new agent of progress
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fierce, but often rather a coarse, satirist. Among his books, one
especially, entitled "The Anatomie of Abuses," and published in
1585, attacks the contemporary fashions in dress, and throws great
light upon many of its details. He begins by repeating against
our countrymen the same accusation of an inordinate love of new
fashions, which, as we have seen at the beginning of the present
chapter, had been made more than half a century before. " Hereby,"
he says, "it appeareth that no people in the world are so curious
in new sangles as they bee." After reviewing with considerable
severity the failings of the gentlemen in this respect, Stubbes proceeds to the ladies, and quarrels first with their faces. " The women,"
he says, "many of them, use to colour their faces with certaine
oyles, liquors, unguentes, and waters made to that end, whereby
they thinke their beautie is greatly decored •" which painted faces,
he assures us, are the devil's nets to entangle poor souls. "Then
followeth the trimming and tricking of their heades, in laying out
thoir haire to the shewe, whiche of force must be curled, frisled, and
crisped, laid out (a world to see), on wreathes and borders, from
one eare to another. And least it should fall down, it is underpropped with forks, wiers, and I cannot tell what, like grim sterne
monsters, rather than chaste Christian matrones. Then on the
edges of then* boulstered hair (for it standeth crested rounde about
their frontiers, and hanging over their faces like pendices or tailes,
with glasse windowes on every side), there is laid great wreathes of
golde and silver, curiously wrought and cunningly applied to the
temples of their heades. And for fear of lacking anythinge to set
forthe their pride withall, at their haire, thus wreathed and creasted,
are hanged bugles (I dare not say babies), ouches, ringes, gold,
silver, glasses, and suche other childishe gewgawes besides."
Moreover, " if curling and laying out of their owne naturall haire
were all, it were the less matter ; but thei are not simplie content
with their owne haire, but buye other haire, either of horses, mares,
or any other straunge beastes, dyeing it of what colour they list
themselves. And if there be any poore woman that hath faire
haire, these nice dames will not rest till they have bought it. Or if
any children have faire haire, they will entice them into a secret
place, and for a penie or two they will cut of their haire ; as I heard
that one did of late, who, meeting a little childe with very faire
haire, inveigled her into a house, promised her a penie, and so cutte
off her hair. And this they were in the same order, as you have
heard, as though it were their owne naturall growing." And then,
not content with this, " on toppes of these stately turrets ( I meane
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their goodly heades), stand their other capitall ornaments, as French
hood, hatte, cappe, kercher, and such like, whereof some be of
velvet, some of taffatie, some (but few) of wooll, some of this
fashion, some of that, and some of this colour, some of that,
according to the variable phantasies of their serpentine mindes.
And to such excesse it is growne, as every artificer's wife (almost)
will not sticke to goe in her hat of velvet every day, every merchant's wife and meane gentlewomen in her French hood, and
every poore cottager's daughter in her taffatie hat, or els of wooll at
least, well lined with silke, velvet, or taffatie ; but howe they come
by this (so they have it) they care not." " They have also other
ornamentos besides these to furnishe forthe their ingeniouse heades,
which they call (as I remember) cawles, made netwise to the ende,
as I thinke, that the clothe of golde, clothe of silver, or els tinsell,
may the better appeare, and shew itselfe in the bravest manner; so
that a man that seeth them (their heades glisten and shine in such
sorte) would thinke them to have golde heades. And some weare
lattice cappes with three homes, three corners, I should say like
the forked cappes of popishe priestes, with their perriwinkles,
chitterlings, and the like apishe toyes of infinite varietie." And
there was something even still worse than all this : " Another sort
of dissolute mimons and wanton simpronians (for I can terme them
no better), are so farre bewitched as they are not ashamed to make
holes in their eares, whereat they hang ringes, and other jewels of
gold and precious stones. But what this signifieth in them, I will
holde my peace, for the thing itself speaketh sufficiently."
The ruffs next fall under the censure of worthy Philip Stubbes,
and with the new liquor named starch he is especially offended.
"The women there use great ruffes and neckerchers, of holland,
laune, camericke, and such clothe, as the greatest thread shall not
be so big as the least haire that is ; and lest they should fall downe,
they are smeared and starched with the devil's liquor—I mean
starche; after that dried with great diligence, streaked, patted,
and rubbed very nicely, and so applied to their goodly necks, and
withal underpropped with supportasses, the stately arches of pride.
Beyond all this, they have a further fetche, nothing inferior to the
rest, as, namely, three or foure degrees of minor ruffes, placed
gradatim, one beneath another, and al under the mayster devilruffe ; the skirtes then of these great ruffes are long and wide, every
way pleated, and crested full curiously, God wot. Then, last of all,
they are either clogged with gold, silver, or silke lace of stately
price, wrought all over with needle-worke, or speckeled and sparkeled
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here and there with the sunne, the mone, the starres, and many
other antiques strange to beholde. Some are wrought with open
worke downo to the midst of the ruffe and further ; some with close
worke, some with purled lace so cloied, and other gewgawes so
pestered, as tho ruffe is the least parte of itself. Sometimes they
are pinned upp to their eares, and sometimes they are suffered to
hange over theyr shoulders, like windmill sailes fluttering in the
winde.
And thus every one pleaseth her seise in her foolish
devices."
Next come the gowns, or, in other words, the farthingales.
"Their gownes," Stubbes tells us, "be no lesse famous than the
rest, for some are of silke, some of velvet, some of grograine, some
of taffatie, some of scarlet, and some of fine clothe of x., xx., or
xl. shillinges of a yarde. But if the whole gowne be not silke or
velvet, then the same shall be layed with lace, two or three fingers
broade, all over the gowne, or els the most parte ; or if not so (as
lace is not fine enough sometimes), then it must be garded with
great gardes of velvet, every gard sower or sixe fingers broad at the
least, and edged with costly lace ; and as these gownes be of divers
and sondry colours, so are they of divers fashions, chaunging with
the moone—for some be of the new fashion, some of the olde, some
of thys fashion, and some of that, some with sleeves hanging downe
to their skirtes, trailing on the ground, and cast over their shoulders
like cowe tailes. Some have sleeves much shorter, cut up the arme,
and poincted with silke ribbons very gallantly tied with true-love
knottes (for so they call them). Some have capes reachyng downe
to the middest of their backes, faced with velvet, or els with some
fine wrought silke taffatie, at the least, and fringed about vere
bravely ; and (to shut up all in a worde) some are pleated and rinsled
downe the backe wonderfully, with more knackes than I can declare.
Then have they petticoates of the beste clothe that can be bought,
and of the fayrest dye that can be made. And sometimes they are
not of clothe neither, that is thought to base, but of scarlet,
grograine, taffatie, silke, and such like, fringed about the skirtes
with silke fringe, of chaungeable colour. But whiche is more vayne,
of whatsoever their petticoates be, yet must they have kirtles (for so
they call them) either of silke, velvett, grograine, taffatie, sassen, or
scarlet, bordered with gardes lace, fringe, and I cannot tell what
besides ; so that, when they have all these goodly robes upon them,
women seeme to be the smallest part of themselves."
Lastly, let us look to their stockings and shoes. We know that
in Elizabeth's reign came into fashion high-heeled shoes, and shoes
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over which the wearers slipped sometimes what on that account
were called slippers, or pantouffles. " Their nethenbockes and
stockings," Stubbes continues, "in like maner, are either of silk,
jeansey, worsted, crewell, or, at least,, of as fine yearne, thread, or
clothe, as is possible to be hadde ; yea, they are not ashamed to
Aveare hoase of all kinde of chaungeable colours, as green, red,
white, russet, tawny, and els what
Then these delicate hosen
must be cunningly knit, and curiously indented in every point with
quirkes, clockes, open seame, and every thing els accordingly—
whereto they have cooked shoes, pinsnets, pantoffles, and slippers ;
some of blacke velvet, some of white, some of Spanishe leather, and
some of Englishe, stitched with silke, and embrodered with golde
and silver all over the foot, with other gewgawes innumerable ; all
which if I should endeavour myself to expresse, I might with like
facilitie number the sands of the sea, the starres in the skie, or the
grasse upon the earth, so infinite and innumerable be their abuses."
So far Master Philip Stubbes.

PARENTAL ATTACHMENT OF THE MILLER'S THUMB
{COTTUS GOBIO).
BY

RICHARD

PEEK,

F.L.S.

THE parental attachment of Lump fish (Gyclopferus lumpus), the
stickleback (Gasterosteus), the pipe fish (Sygnathus), and the curiously
formed sea-horse (the Hippocampus), with many other fish is a well
recognized fact ; but perhaps it is not universally known that the
males, not the females, take charge of and hatch the eggs.
The {Gottus gobio) miller's thumb, or river bullhead, is an inhabitant of most of our rivers and streams. The ordinary length is
about four inches, and the colour varies (as in other fish) according
to the ground upon which it rests. If any danger approaches, the
fish pushes its head beneath a stone, and there remains, awaiting its
doom.
Although seldom eaten in England, it is said to be much esteemed
on the continent. The flesh resembles that of the whitebait and eel.
The most frequent use made of this fish in England is as bait for
eels. A fishmonger in Bath told me, that on the day of the Queen's
marriage he caught an eel, seven pounds weight, on a night-line,
baited with a bullhead. It does not possess a swim-bladder like fish
which are formed to swim in midwater, for the proper position of the
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Cottus is at the bottom of the stream among the insects and minute
water-plants. Johnson and Willoughby represent the female as
much distended with spawn, which they say " she collects in little
lumps on her breast, where it is covered with a black membrane
until it is hatched."
It is a great pity that naturalists should make assertions which
they cannot substantiate. I have had a great many of the fish
under close examination, in an aquarium set apart for the study of
their habits, and cannot recall a single circumstance which would
justify the assertion that the female takes care of the eggs.
Not long since Mr. Sarel of Brighton, presented me with four
specimens of the Cottus gobio or miller's thumb. These I placed in
an aquarium holding thirty-six gallons of water, continually running.
On the morning of the 4th of March I was surprised to find that a
large light coloured specimen had become thin, and a small black
fish had taken up a position on the top of a stone, near the side of
the tank. On closer inspection I found that the light fish had laid
her eggs sideways against the glass, at the top of the stone, which
was about two inches high, and in so convenient a position, that I
rightly anticipated I should be able to watch the whole process and
progress of the hatching.
The little black fish rested upon the eggs, which were about
forty in number, and kept fanning them with his large pectoral fins
incessantly, while with ferocious eyes he watched the actions of the
other occupants of the aquarium. After fanning the cluster by a
downward movement, as if he had calculated upon their being
deposited upon the ground (as they ought to have been), he seemed
suddenly to realize their unnatural position, and reversed the action
of his fins, thus drawing the current of water upwards through the
fixed mass.
This mistake frequently occurred daily, and was as often rectified.
Amongst the eggs were several channels, through which the water
passed freely, in fact every pellet was exposed to a current in the
same manner in which the eggs of the whelk are arranged. While
the male fish thus kept watch, he never partook of a particle of
food, and any attempt to supply him was resented ; worm after worm
was offered to him, but he merely took it in his mouth and removed
it wriggling to the most distant corner of the tank. On placing an
iron bar in the water, near him, to remove a pebble, he seized it
savagely, and held it so firmly that I lifted him out of the water
nearly a foot, and kept him suspended for about a minute.
A live shrimp was introduced near the spot where the eggs lay ;

he seized it by the middle, and took it away like a dog would a rat,
afterwards returning to his position to recommence fanning the eggs
more vigorously and even savagely, as if to make up for lost time.
If any foreign substance dropped from the fernery above him, he
would seize it and rapidly carry it off to the other side of the
aquarium.
Four days after the dark Cottus had commenced his labour of
love, the eggs began to assume a yellowish tint. The fish seemed
to be in great distress at the cool impertinence of the sticklebacks,
who came curiously watching his proceedings. Not only had he to
guard against these strangers, but the parent who laid the eggs was
in a lean condition, and seemed to be watching her opportunity to
devour the spawn.
Sixteen days after the eggs were laid or deposited, they appeared
to be speckled. On using a lens I discovered to my delight that
every egg contained a live fish, and these little spots were eyes.
The sentinel now began to get furiously excited, and fanned away
day and night without ceasing ; first downwards, and then upwards.
He rushed round the tank and attacked every other occupant without the slightest provocation, and again rapidly returned to his
duties. On the seventeenth day a beautiful rose-coloured blush
momentarily suffused each egg, and disappeared, and every now
and then there appeared a rapid half turn of an object within the
egg, then I had the satisfaction of discovering that all the eggs were
hatching quickly.
Thirty days after their being deposited, the crimson blush
appeared and disappeared seventy-five times a minute, and thirtyfive days after a small fish issued from most of the eggs. I was
called away from home on the day the last of the fish were hatched,
and on my return the tank was dry, some accident having caused a
leakage. Enough, however, was noticed to settled the question as
to whether the male or female hatches, or broods over the eggs.
This conclusion might be very well attained by analogy. We find
that all fish we are able to study are possessed of two kinds of socalled roe ; the hard and the soft—the former belonging to the female,
and the latter to the male. When the female sheds her roe or
spawn, the male fish broods over it and deposits the soft roe or
milt upon it, totally regardless of the presence or absence of the
female, who generally departs as soon as she has performed her
mission. Whether in ordinary cases any considerable time is taken
up in the fulfilment of the duties of the male, I know not, but that
this devoted male fish not only hovered over the eggs for more than

456

458

ARCHÆOLOGIA.

a month, but after the little fish bad escaped he still continued at
work, fanning the egg-shells, and was seen thus occupied on the day
the tank ran diy.
I may mention one curious incident to show the desire of a
Cottus to exercise parental control. On the occasion of one of the
small fish emerging from its egg, the parent chased it to the bottom
of the tank, and taking it gently in his mouth, replaced it in the
cluster. This, however, was not repeated, for the young ones
emerged very rapidly from their tiny prisons, from the first hour of
hatching, as if tho struggles of each assisted the others to escape.

ARCHÆOLOGIA.
A VERY interesting ROMAN SEPULCHRAL MONUMENT has recently been
found at COLCHESTER, the Camulochtnum of the Romans, on the
property of Mr. George Joslin, jun., which is on the site of the
extensive cemetery of the ancient city, which lay on the road towards Londinium (London). It is a sculptured stone, the upper part
of which has a figure, about three feet high, of a Roman soldier, of
unusually good workmanship ; beneath which the following inscription presents itself, in four lines, and in large and well-cut letters :—
M FAVON MF POL FACI
LIS t> LEO XX VERECVND
VS ET NOVICVS LIB POSV
ERVNT * H'S'E

Which may be read, Marcus Favonius Hard filhis Pollio Facilis
(centurio), legionis xx. Verecundus et Novicus liberti posuerunt.
Hie situs est. The figure, as just stated, is well sculptured, and is
especially interesting for the details of the costume. The centurion
holds in his left hand a dagger, and he carries a second dagger at
his right side. In his right hand he holds the rod, or vine branch,
the centurion's badge. His legs are encased in greaves, and he
wears a richly-ornamented girdle. We may remark that the twentieth legion had its permanent station at Leva (Chester). Gamulodunum, or, as it was more commonly called, Golonia, appears to
have been, like JJriconium (Wroxeter), a favourite place for retired
veterans.
On the eastern side of Colchester, on the road leading to
Mersey, Roman sepulchral remains have also been discovered within
the last month, but we have not yet any exact description of them.
The CONGRESS of the BRITISH ARCHÆOLOGICAL ASSOCIATION at St.
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Albans will take place during the week beginning on Monday, the
second of August, with Lord Lytton for president. The programme
will, we believe, soon be published, and we have heard of several
interesting papers already preparing for reading during the week.
Some early BARROWS between Sidmouth and Honiton, in Devonshire, in one of which was found a remarkable interesting DRINKING
CUP, made of KIMMERIDGE COAL, and evidently turned on the lathe,
It is about three inches and a half in height, and nearly three
inches in diameter, and of a rather unusual form.
A quantity of ROMAN COINS have been dug up on SALISBURY
PLAIN by some labourers employed at work there.
They lay at#
a depth of about two feet, and had been deposited in a coarse
earthen jar. In number they were between eighteen and nineteen
hundred, of small brass, belonging nearly all to the Constantino
family, and ranging from Licinius (A.D. 307—324) through tho
period when the imperial throne was occupied by that family.
Mr. Roach Smith, who has communicated some remarks upon
these coins to the Numismatic Society, points out the great interest
in the exergual lettering of these coins. It is well known that at
this period of the Roman empire in the west, considerable mints
were established in some of the greater towns, and the place at
which the coin was struck was indicated by certain letters in the
exergue. Thus P.LON (percussa Londinio) indicated that the coin was
from the Mint at London. Others marked PLC and PLN have been
ascribed to the same mint, but there existed some doubt whether
these belonged to the London Mint, or to that of Lugdunum
(Lyons), where also there was an important establishment for issuing
money. Mr. Roach Smith, in the remarks just alluded to, has
given very satisfactory reasons, derived from a comparison of these
coins found on Salisbury Plain, for considering that these coins
marked PLC and PLN could not have come from the same mint which
produced the coins marked PLON, and that therefore they are not
from the Mint of Londinium. By far the greater part of theso
coins found on Salisbury Plain belong to tho Mints of Treveris
(Treves), Londinium (London), Lugdunum (Lyons), and Arelatum
(Aries).
A very interesting discovery has lately been made at LUTON,
NEAR CHATHAM, for the particulars respecting which we are indebted
to Mr. Humphrey Wickham, of Strood, by whose prompt decision
the remains, accidentally brought to light, were preserved. Luton,
as the name indicates, lies below the chalk hill, in a very sheltered
site. During excavations for brick-earth and buildings, the work-
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men came upon walls, formed chiefly of flints, which, at some
remote period, had been broken down to within about three feet
of the ground on which they stood. Further digging revealed the
fact that it had been a walled family burial-place. It contained the
following objects, which had apparently been inclosed in a wooden
chest : a bronze jug, of elegant shape : a bronze bowl, bearing the
maker's name, AFRICAN (Africanus) ; the bronze hasp of a chest ;
an iron lamp-stand ; an iron implement upwards of three feet in
length, which has, perhaps, been a weeding spud ; a square glass
bottle and a portion of a ribbed glass basin; and four dishes of
what is usually called Samian ware.
T. W.

CORRESPONDENCE.

LUNAR ECLIPSES.—ETA ARGÛS.—THE EARTH SHADOW.
have received the following in a letter from Mr. Thomas D. Smeaton,
of Robe, South Australia :—
In " Chambers' " Handbook of Astronomy," it is noted that during
a total Eclipse of the Moon, March 19, 1848, the Moon was so readily
seen that many persons doubted the reality of the eclipse. On September
24, 1866, the same phenomenon was remarked in South Australia. On
the other hand, the eclipses of June 15, 1620, and May 18, 1761, were
remarkable for the complete disappearance of the Moon. Is it more
than a coincidence that in the first two instances the eclipse took place
near the Equinoxes, and in the last two near the Solstices ? And if this
were the rule, could any fair explanation be founded upon it ?
In Guillemin's " The Heavens," the English Annotators seem to have
overlooked the statement (p. 334) that Eta Argus now presents an appearance of unusual magnificence, and surpasses Canopus in brilliancy. So
far from this being true, it is to the naked eye almost lost in the nebula
that accompanies it. (Proctor, 1866, continues to mark it of 2nd mag.
So also Dietrichsen and Hannay, 1869.)
In the clear sky of South Australia the Shadow of the Earth is often
seen at sunset mounting in the eastern sky as a low dark sector. The
phenomenon of rays proceeding from a point opposite to the Sun is also
often observed, and on one occasion I saw a rainbow partially encircling
these luminous rays, like the tire and spokes of a wheel. The whole
upon a dark thunder-cloud as back ground.
WE
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PREPARING FIBRE FROM BAMBOO CANE.—The bamboo cane is separated
into fibre by proper machines. It is then boiled in caustic alkali of about
six degrees Beaumè in an open kettle, until the siliceous and gummy
matter is extracted. It is then pressed to extract water, and as much of
the siliceous and gummy matter as may be held by the fibre. It is then
boiled for about three hours in a weaker solution of caustic alkali, and
afterwards for two hours in soap and water. This cleanses and softens
the fibre, and does not reduce it to a pulpy condition, nor does it impair
its strength. The fibres are then washed clean, and are prepared for
carding by passing them through a machine hackle. They are next
subjected to strong cards, which reduce them to a proper condition for
spinning. The fibre should be in a moist state during the process of
carding. This bamboo fibre thus prepared may bo used separately, or
mixed with other substances for the manufacture of textile fabrics.
FOOD FOE HORSES AND CATTLE.—This invention consists in introducing
into the food for cattle the fruit of the date-palm. The mixture is stated
to be good for poultry and game, as well as for horses. The mixture of
date-palm with flour, or other farinaceous substances, is moistened and
made into cakes. It is then baked, and afterwards pulverized. The
water and baking may be dispensed with when the food is to be used as
meal. Medicinal properties may be imparted to this food by mixing it
with mineral waters. Again, a better kind may be prepared and dipped
in. lemon juice, and dried at a low temperature, and this may be used by
sailors for curing or preventing scurvy. The inventor is Mr. James Spratt,
of Holborn.
BUTTON FASTENING.—Mr. Henry Mayhew proposes to attach buttons
to any fabric in the following manner :—He takes a small strip of pliable
metal, the ends of which are pointed. This he passes over the bar of the
button ; he then brings the ends close together. The two ends are then
passed through the material to which the button is to be fastened, and
each end of the metal is then to be bent back and compressed. The
button can only be removed by bringing the ends together again.
NEEDLE CASE AND WRAPPER.—A very simple needle-case has been
' invented by Mr. Charles Bartlett James, of Redditch. It consists of an
outer cover, or case and sheath combined, made of paper, silk, or any
other suitable material, so as to fold up and close with a tongue-piece.
From the inner side of the body of this outer case, to which it is attached,
a strip of ribbon or paper passes into the sheath, where it is attached to
the side of the same, so that upon the descent of a packet of needles
into the sheath, it will press upon and draw down with it into the sheath
the material of the strip, such action tending to bring together and close
the parts of the case ; whilst the opening out of the same has a contrary
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effect, the strip being drawn out of the sheath, and consequently propelling or forcing upwards, and partially out of the sheath, the packet or
case of needles.
SMELTING, CARBONIZING, AND PURIFYING IRON.—Mr. Ishara Baggs, of
High Holborn, has patented a process for effecting the above object, in
which he does away with the use of coal or coke. The substances he
employs as his source of heat being coal gas, hydrogen, carbonic oxide,
or other combustible gases, also naphtha vapour, petroleum, or other hydrocarbons under pressure, and in combination with a blast of hot or cold
air. The liquid hydro-carbons may be forced in as inflammable vapours
under the pressure of their own atmospheres, or otherwise. The proportions in which the air and inflammable matters are mixed are regulated
by valves or taps. For the purpose of carbonizing the iron, whether in
or out of the furnace, as may be desired, coal-gas, or other carbides, or
materials containing carbon, are blown through the furnace, or brought
into contact with the molten metal by blowing the same through it.
When purification is required, hydrofluoric acid is blown through the
melted metal on its way from the furnace, and in this case it is better to
mix the gas with atmospheric air.
PREPARING BLOCKS FOR SURFACE PRINTING.—Mr. Edward Wimbridge,
of Great James Street, describes his invention as follows :—" I prepare
or manufacture blocks for printing in this manner. I take a metal plate,
or a stone, or other suitable surface, and draw on it a design in ink,
which contains gum, or other adhesive matter. I then apply Brunswick
black, or other analogous material, in the ordinary manner ; and I next
wash the surface with water. This removes the ink, and lays bare the
metal surface where the design has been drawn ; the remainder is covered
with Brunswick black. I then apply acid to eat out the design to the
required depth. The surface thus prepared forms a mould, from which I
take a cast in metal, and on which the design will be in relief. I then
cover the design with Brunswick black, and afterward apply acid to the
metal, whereby the parts nofc composing the design are acted upon, and a
greater relief is obtained."
PLASTIC COMPOSITION FOR DECORATING BUILDINGS.—The advantages
offered by this invention are that ib is effective, cheap, and simple in its
application. It can be employed for the decoration, external or internal,
of walls, floors, pavements, roofs, ceilings, etc., and consists essentially
in the employment for such purpose of a peculiar composition, which is
applied in a manner similar to plastering, and which, when hardened, can
be smoothed and polished. The composition consists of a peculiar kind
of scagliola made of chalk, or ordinary cement, and, if desired, colouring
matter can be added to it. This material is mixed with water to the
consistency of plaster, and is spread out into a thin sheet, and allowed
to dry and harden. When dry, the composition is to be broken up into
irregular fragments. These fragments are then mixed with a semi-fluid
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mixture of ordinary cement and chalk, and this may be tinted or not, as
desired. This compound is applied to the surface, to be ornamented,
with a trowel, and when dried, is to be ground and scraped with a wirebrush, so as to produce a level surface. It is then hardened by the application of a solution of silicate of soda. This composition is, it is
asserted, capable of resisting the action of moisture. It may also be
cleaned and washed with ordinary soap. Mr. Benjamin Nicoll, of Regent
Street, is the patentee.
PRESERVING AND HARDENING STONE CEMENT, ETC.—Mr. Frederick
Ransome, well-known as the inventor of several processes for the induration of stone, and for the manufacture of artificial stone, has patented
the following invention, which consists in the application in succession
to stone, or other material of a solution of lime, or baryta, or other
similar substance, and a solution of silica in the form of an alkaline
silicate or otherwise. In order to obtain a more concentrated solution
of lime, or of baryta, sometimes Mr. Ransome uses molasses or sugar.
The second consists in applying in succession solutions of phosphate of
lime and of baryta, strontia, or lime ; but the baryta is used in preference,
and then a solution of an alkaline silicate ; the solution of phosphate of
lime may be wholly or partially replaced by solutions of alumina, zinc, lead,
or other metallic salts. Colouring matters may, if desired, be used
together with these applications. If it be desired that the solutions
should penetrate to a great depth, it is better to use weak solutions, say
of specific gravity 1050, and they should be applied again aud again
until the desired effect has been produced. If it be not desired to effect
the waterproofing and hardening deeply into the stone or material, or if a
very porous material is to be operated upon, stronger solutions, say of
specific gravity 1300, might be employed.
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RELIQUIÆ AQUITANICÆ ; being contributions to the Archæology and
Palæontology of Perigord and the Adjoining Provinces of Southern
France, by Edouard Lartet and Henry Christy. Edited by Thomas
Rupert Jones, Professor of Geology, etc., Royal Military College, Sandhurst. Part IX. (Baillière.)—The present part of this elaborate work
continues the examination of the Cro-Magnon skulls and bones, and
arrives at some very curious and interesting results. The Cro-Magnon
race must have presented a characteristic mixture of high qualities and
low ones, fitting them to be energetic and progressive savages, but not
raising them above the barbarous conditions under which they lived.
" The great volume of the brain, the development of the frontal region,
the fine elliptical profile of the anterior portion of the skull, and the

464

LITERARY NOTICES.

orthognathism of the upper facial region, are incontestible evidences of
superiority which are met with usually only in civilized races. On the
other hand, the great breadth of the face, the alveolar prognathism, the
enormous development of the ascending ramus of the lower jaw, the
extent and roughness of the muscular insertions, especially for the
masticatory muscles, give rise to the idea of a violent and brutal race,
especially when we are nearly certain that the woman was killed with the
blow of an axe, and that the old man bore on his femur traces of an old
and severe wound." The tibias of these skeletons are remarkably flat,
and the Unea asgera of the femurs extraordinarily prominent. There
may be great danger in assuming the characters of a race from a few
specimens, and too much may be made of the probable murder of the
woman and the wound in the man's leg. We could easily—and unhappily—furnish amongst our own population illustrations of women
killed by axes, and men with wounded legs ; and we could supply plenty
of specimens of animal development ; but the amount of brutality extant
in the English race would be very imperfectly judged from a partial
survey of its peculiarities ; and we are not entitled to say much about
the Cro-Magnon race until further evidence is supplied. It is, however,
highly important to show that, at a certain pre-historic period, some
savages possessed a kind and degree of development likely to have enabled
them to make considerable advances on the lowest forms of human life.
M. Quatrefages remarks, " it is clear that the cave-dwellers of the stone
age who fought the elephant and the rhinoceros with their flint weapons,
are represented in their remains by two distinct races." The Cro-Magnon
skulls are dolicocephalic. M. Pruner Bey compares them to some modern
Esthonians, from which M. Quatrefages dissents. It seems, however,
clear that, as M. Quatrefages says, " the men who preceded us in Europe
were already divided into several distinct races," and as the process of
division may have been long, the antiquity of man seems likely to grow
greater the more completely it is investigated. The plates attached to
this part possess the usual excellence which has characterized the illustrations to this work.
CYCLOPÆDIC SCIENCE, simplified by J. H. Pepper, Professor of Chemistry
and Honorary Director of the Royal Polytechnic Institution, Fellow of
the Chemical Society, Associate of the Institution of Civil Engineers ;
author of various works for youth, etc., with six hundred illustrations.
(Warne and Co.)—Few men have done more than Professor Pepper to
popularize a taste for science. While the directors of the Crystal Palace
destroyed the educational and artistic character of that great institution,
by degrading it to the level of Rosherville, Professor Pepper raised the
Polytechnic in profit as well as reputation by improving its scientific
exhibitions, and making the lectures more instructive as well as more
entertaining. The work before us, treating of light, heat, electricity,
magnetism, pneumatics, acoustics, and chemistry, is just what might have
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been expected from his pen, in fulfilment of a promise to add a more
advanced book to the introductory volumes he had previously offered to
youthful students. Its is exactly the sort of book to put into the hands
of clever boys and girls to tempt them into the paths of science. The
subjects are well selected, the explanations clear, and the illustrations
judicious as well as extremely numerous. It is a handsome gift volume.
THE FLORAL WORLD AND GARDEN GUIDE.
Edited by Shirley Hibberd,
Esq., F.R.H.S. (Groombridge and Sons.)—The June number of this
popular serial has papers on "Zonal Pelargoniums," with a coloured
plate of " Richard Headley " (not the man but the plant) ; " Fuchsias for
Home Decoration and Exhibition ;" the " Ladies Garden ;" " Utilization
of Rubbish ;" the " Pyrethrum ;" " Early Strawberries ;" " New Plants,"
etc., etc.
HALF-HOURS WITH THE STARS ; a Plain and Easy Guide to the Knowledge of the Constellations, showing, in twelve maps, the position of the
principal star-groups night after night throughout the year. With introduction and a separate explanation of each map. True for every yearBy Richard A. Proctor, B.A., F.R.A.S., etc. etc. (Hardwicke).—These
maps differ considerably from the star-charts previously compiled by
Mr. Proctor. Their object is distinctness and simplicity, which they have
successfully realized. The chief stars of all the prominent constellations
are represented in a series of planispheres, with white figures on a blue
ground. At the bottom of each map nine dates are given, on which the map
and the heavens will correspond. Thus the first map is true for December
21, at 10 o'clock p.m., December 24, at 9f, and so on up to January 20,
at 8 o'clock. When the sky is too light for the stars to be discovered
at any of the hours mentioned, the succeeding map will be found to give
the celestial aspects two hours later, and the others in succession. Each
map is accompanied by a page of letterpress explanation, placed opposite
to it and easy for reference. The centre of each map is supposed to be
exactly over the head of the observer, or to represent the zenith point
but as holding the maps in that position would be awkward for study,
they are printed so as to come right for the northern and southern half
of the sky when placed on a table, or held so that the northern, or
southern horizon, as the case may be, comes lowest, and the east and
west points are in their right position. Parallels of right ascension,
declination, etc., are omitted as confusing, and we may safely call these
charts the plainest and easiest to follow that have been produced. A
child could be taught in half-an-hour to find any principal star visible in
the sky, or to ascertain the name of any one he saw.
CATARACT AND ITS TREATMENT, MEDICAL AND SURGICAL.
By Jabez
Hogg, F.L.S., Senior Assistant Surgeon, to the Royal Westminster
Opthalmic Hospital, etc., etc. (Renshaw.)—This is a reprint of an instructive paper read before the Medical Society. It contains much interesting
and curious information.
VOL. HI.—NO.
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REFEIGEBATING SALTS.—Herr F. Riidorff has a paper in Poggend. Ann. comparing
the refrigerating effect of Tarious salts in solution. The two most remarkable seem to
be the sulpho-cyanides of ammonium and potassium ; 133 parts of the former added to
100 of water reduced the temperature of the liquid from 12-2° C. to —18° C, while 150
parts of the latter in 100 of water, reduced it from 10-8° C. to —23-7° C. or 3453. To
produce a maximum of effect, quantities of from 250 to 500 grammes of the salt employed should be used, in a thin glass vessel surrounded by loose cotton. The salts
should be an impalpable powder, and well stirred with the thermometer. A little more
of the salt should be used than would suffice to saturate the water. The minimum
temperature may be obtained in less than a minute.
THE AGE OF "WETTINGS IN COMMON INK.—M. F.^Carré/has communicated to the
French Academy remarks on an approximate determination of the age of writing made
with ink having like those in common use an iron base. He says, that writing, eight or
ten years old may be copied with an ordinary press, if the copying paper is moistened
with water to which one-twelfth of hydrochloric acid has been added. In this case the
copying is almost as easy, as when it is done upon fresh writing in the usual way. The
facility of the copying process diminishes with time, and a writing thirty years old did
not give a legible copy, while one datiug 1787, scarcely yielded a perceptible trace. When
writings are washed with, or soaked in dilute hydrochloric acid of the strength mentioned,
an inverse action is noticed. Those made from a few months to ten years ago disappear after an immersion of from a few hours to a few days, while a writing thirty
years old could be read after fifteen days maceration. When copies aro made with acidulated paper, they should be held over a dish containing liquid ammonia for a few seconds

to neutralize the acid.

THE COTTBAGE OF THE WEASEL.—Frequent mention has been made of the boldness
of the weasel, which is curiously illustrated by the following fact. The editor was
lately walking in his garden in Sussex with two ladies and a gentleman, when a
small animal was seen busy on the lawn a few yards off. The party stood still to look
at it, and the creature trotted towards them. It made a slight attempt to pass them by
dodging behind a bush, but not succeeding, boldly approached, and allowed itself to be
taken up in a pocket-handkerchief without a struggle. After being carried about for ten
minutes and shown to several people, it was replaced on the grass, but instead of running
away, it made a curious squeaking noise, and opened its mouth as if to bite. Stroking
it with the handkerchief causod it to renew its bold demonstrations, but on being left
alone it ran slowly through an evergreen harbour towards a bank in which it is supposed
to live. It did not seem at all afraid, or much annoyed at being handled, and only resented it by diffusing its nasty and characteristic odour. This incident happened in broad

daylight.

THE AFOMECOMETEE.—In our April number we gave an account of an ingenious
modification of the sextant to form a small pocket instrument for measuring heights,
devised by Mr. !N. J. Heineken, of Sidmouth. We have since received from that gentleman a letter stating, that his attention has been called to Millar's apomecometer made
by Mr. Stanley, of Great Turnstile, very similar to his own. Mr. Heineken's last instrument is only a variation from one he made in December 18fi8, and was used by him and
a friend (Dr. Radford), in January 1869. Mr. Millar and Mr. Heineken, working independently, seem to have devised a very similar modification of the principle of the

sextant.
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Moor, stone circles at, 347
Abranchiata, 93
Absorption of gases, 143, 311
Acicula, 162
Actinidæ, 85
Actinozoa, gastric cavities of, 241
Actinozoa, Mediterranean, 81
Aerolites, orbits of determined, 3
Age of writings in common ink, 466
Air, temperature of the, 44, 46, 49
Alcyonaria, 85, 241
Alcyonidæ, 85
Alimentary substances, regeneration, 388
Aluminium, reduction of, from its ores,
155
Ammoniacal salts, manufacturing, 391
Amphinomacea, 165
Amphinome, seta of, 109
Amphioxus, 326
Anatomy of stentors, 352
Ancient Britons, cannibalism of, 60
Ancient remains, preservation of, 313
Andromeda nebula, 178
Aniline black, manufacture of, 235
Animal life, curious page of, 210
Animal substances, preservation of, 70
Animals, excommunication of, 216
Aumônière, 199
Annelida errantia, 161
Annelidan worms, 91, 161, 261, 321, 432
Annelides, orders of, 93, 321
Annular eclipse of the sun, 43
Annular nebulœ, 188
Ant-eater, 337
Anthropomorphism, 269
Antidote to phosphorus poisoning, 240
Antipatharia, 85, 241
Ants, white, black, and red, 336
Aphrodiseans, 161
Aphrodita aculeata, 104, 162
Aphrodita hystrix, 162
Aphrodita hystrix, foot of, 109
Aphrodites, 161
Apomecometer, 466
Application of gas and vapour, 235
April meteors, 220
Archipelago, Malay, 221
Archæologia, 60, 229, 313, 384, 458
ABNET

Arctic expedition from Sweden, 159
Arctic temperature, 152
Arenicola, 326
Ariciidœ, 321
Aristarehus and Linné, 190
Artificial stone, composition for, 388
Asteroids, orbits of, 3
Astronomical notes, 35, 125,217, 279, 366,
440
Astronomy, progress of, during present
century, 1
Atmosphere in the moon, question of, 257
Atmospheric pressure, 44, 46, 48
Attire, head, in feudal times, 202
beads, 129
Balani, 325
Bamboo cane, preparing fibre from, 461
Barbel, 412
Barrow at Dotterill Park, 61
Beck's new rotating stage, 79
Berriew, barrow at, 350
Bignor, Roman villa at, 64
Bird of Paradise, 226
Birds, mimicry of colour in, 225
Black ants, 336
Blast furnaces, 387
Blast furnaces, elimination of nitrogen in
working, 70
Blenny, 416
Blocks for surface printing, 462
Bliault, 205
Blue sky, Tyndall on, 160
Boilers, incrustation in, 68
Boiling point of airless water, 320
Boiling water by the sun's rays, 58
Boots, India-rubber soles for, 155
Borneo, solar eclipse as seen at, 12 9
Boscawen-un, stone circle of, 350
Botany, economic, new facts in, 26
Bottles, material for covering, 387
Bottles, stopper for, 389
Bourgeoisie, power of the, in the fourteenth
century, 287
Blood corpuscles, oviparous vertebrate,
320
Brassington Moor, stone circles at, 347
Bricks, composition for, 388
BAILEY'S
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Bridlington, tumuli near, 60
Bristles of Annelides, 104,162
British hydroid zoophytes, 274
Britons, cannibalism of ancient, 60
Browning's self-regulating electric lamp,
65
Bryozoa, 83
Buildings, plastic composition for decorating, 462
Burgher life in the Middle Ages, 286
Button fastening, 461
CAELEENISH, stone circle of, 348
Callophie, poison glands of, 400
Camisia, 197
Canada, meteor shower as seen in, 40
Cannibalism amoDgst Ancient Britons, 60
Capele, or chapelet, 202
Capoëta, 413
Carbonizing iron, 462
Carclaze, a Cornish mine, 154
Carp, 413
Carpenter's, Dr., dredging report, 76
Carts, 390
Carts in the feudal ages, 23
Carophylliæ, 87
Caucasus, glaciers of the, 55
Cavities in minerals, 240
Cement, preserving and hardening, 463
Central heat of the earth, 3 75
Cerebral functions, velocity of, 362
Cerianthidæ, 86
Chcetopterus, 325
Change in appearance of lunar craters, 192
Chemical theories of volcanoes, 176
Chloride of magnesium, growth of fungi
in, 80
Chromis, 415
Church, hawks carried to, 139
Cilia of stentors, 353
Cinescope, the, 320
Circulation of the blood in annelides, 96
Cirratulidæ, 321
Cladocora cæspitosa, 90
Clarias, 415
Clavatella, buds of, 277
Clouds, magellanic, 188
Coccoliths and coccospheres, 29
Cod-fish, prey of, 162
Cohesion figures, 80
Coins, mediæval, found at Oxford, 314
Colchester, Roman sepulchral monument
at, 458
Colour in the moon, 251
Coloured sparks and their spectra, 59
Comet, Encke's, 280
Comet, Halley's, 281
Comet, Winnecke's, 218, 280
Cometary theory, 368
Cometic orbits, 5
Comets, 37
Comets, spectroscope analysis of comets, 2
Composition for bricks, artificial stone,
etc., 388
Compound for tanning leather, 386

Concentrating and treating saccharine and
saline solutions, 389
Connection between comets and shooting
stars, 3
Cooling of the earth's crust, 177
Copal, sources of, 356
Coralline, 228
Corallium rubrum, 82, 241
Corals and their polypes, 81, 241
Coriaria, the properties of, 26
Cornettes, 202
Correspondence, 71, 156, 460
Costume in the Middle Ages, 196
Cote, 197
Cottus gobio, 455
Courage of the weasel, 466
Covering bottles, material for, 387
Coverings for floors, 66
Crater of Vesuvius, 173
Crustacea, Fritz Midler on, 316
Curious page of animal life, 210
Cyprinoids, 410
plant, the leaves of the, 26
Damoiselles of the castle, 14
Dartmoor, stone circles at, 347
Darwinism and design, 268
Decoction of worms, 437
Decomposition of sulphurets of iron, 233
Density of hydrogenium, 146, 311
Destruction of ants by poison, 337
Destruction of Pompeii and Herculaneum,
173
Destruction of Roman walls in France, 232
Devdoroc, glacier of, 56
Development of skull in domestic fowl,
240
Dew-worm, 433
Diaphragm for microscope, 429
Digestive system of annelides, 97
Discognathus, 413
Domestic fowl, skull of, 240
Door-mat or scraper, 388
Dorsibranchiata, 93
Dotterill Park, barrow at, 61
Doubtful goby, 71
Dredging report, Dr. Carpenter's, 76
Dress of the burgher class in the Middle
Ages, 290
Dress in the Feudal Ages, 19, 194
Driving in the Feudal Times, 11
Druid circles, 344
Durian, the, 223
Dye, poisonous stocking, 229
DAGGEB

EABTH,

central heat of, 175
Earth, probable appearance of the, from
the moon, 252
Earth shadow, 460
Earth-worms, 432
Eclipse, total solar, 35, 126
Economic botany, new facts in, 26
Eel, the, 411
Electric lamp, self-regulating, 65
Electricity in the torpedo, source of, 320-

Eliminating nitrogen in working blast furnaces, etc., 70
Elizabeth, queen, dress in the reign of,
444
Elk Low, barrow, 345
Elytra, 161
Encke's comet, 280
Equatorial fruits and flowers, 224
Errantia, 94, 161
Eruption of Vesuvius, 173
Eruptive rocks, microscopic planets and
animals in, 160
Esquimaux, food of, 153
Escarpins or Estivaus, 199
Etaargûs, 460
Etna, mount, eruption of, 174
Eunice, masticatory apparatus of, 108
Euniceæ, 168
Euphorbiaceæ, 401
Euphrosyne foliacia, 167
Excommunication of animals, 216
Experiments on earth-worms, 427
Experiments with coralline, 228
Extravagance in dress in the feudal times,
195
Eyam Moor, stones circles at, 347
Eyesight and the microscope, 427
FABRICS, textile, 67
Falconry in the Middle Ages, 138
Fashions in the Feudal Ages, 196
Fastening for neckties, 391
Fauna of Malay Archipelago, 222
Feet of annelides, 162
Felt hats, 69
Fermails or brooches, 200
Ferreting the rabbit in the feudal periods,
137
Feudal lady out of the castle, 11
Feudal period, hunting and hawking in
the, 131
Fiddian's lamp, 80
Fire-places, 73
Firestone, Reigate, 29
Fishes of the Holy Land, 409
Fixed stars, distance of, 8, 41
Flax Dale barrow, 345
Flight, insects wings during, 52
Floor coverings, 66
Flowers, equatorial, 224
Flowers of coriaria, 26
Fluid cavities in minerals, 240
Food for horses and cattle, 461
Food for silkworms, 320
Food of Esquimaux, 153
Fowl, domestic, skull of, 240
France, insanity in, 400
Freia, 353
Fruits, equatorial, 224
Fruits of coriaria, 26
Fuel, utilizing, 316
Fungi, growth of, in chloride of magnesium, 80
Furnaces, blast, 387
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and vapour, application of, 235
Gas generators, eliminating nitrogen in
working, 70
Gases, liquefaction of, 80
Gelatine, manufacture of, 388
Gemmation of hydra, 277
Generation, organs of, in annelides, 101
Gephyrea, 95
Gerardia, 241
Glaciers, descent of, 160
Glaciers of the Caucasus, 55
Glass, manufacturing, 386
Glove fastenings, 234
Glyceridœ family, 266
Glycerine, heating and applying for warming, 66
Goby, a doubtful, 71
Gorgonidœ, 85,241
Graham on the absorption of gases, 143
Greenland, tertiary plant-beds of, 159
Growth of fungi in chloride of magnesium, 80
Guimple, 198
GAS

of Ourang-utan, 223
Halley's comet, probable meteors of, 281
Hartle Moor, stone circle at, 346
Hathersage Moor, stone circles at, 347
Hats, felt, 69
Head-dress in Feudal Ages, 198, 202
Hearing, sensation of, 364
Heat, central, of the earth, 175
Heat of the stars, 240
Heat, solar, as a motive power, 57
Heating and applying glycerine for warming, 66
Height of glaciers above sea level, 55
Heights, measuring, 236
Hennins, 209
Herculaneum, destruction of, 173
Hercules, great star cluster in, 177
Herschel's method of gauging the sidereal
heavens, 9
Holy Land, fishes of the, 409
Horned headdresses, 202
Horses and cattle, food for, 461
Hands employed in the Middle Ages, 133
Humidity, relative, 45, 47, 49
Hunting and hawking in the feudal period,
131
Hydrogen, relation of, to palladium, 143,
311
Hydrogenium, 79, 146, 311
Hydroid zoophytes, 274
Hydrozoa, 84
HABITS

ICEBEEGS, size of, 152.
Icthyology of the Holy Land, 417
Illumination for the microscope, 428
Incrustation in boilers, 68
India-rubber soles for boots, 155
India-rubber tubing, 155
Indian copal, 357
Influence of sun-light upon ants, 343
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Manufacture of gas, 235
Manufacture of gelatine, 388
Manufacturing ammoniacal salts, 391
Manufacturing glass, 386
Manure, 69
Mare crisium, colour of, 259
Mare serenitetis, colour of, 254
Marphysa, 169
Matches, safety, 69
Material for covering bottles, 387
Materials for dress in Feudal Ages, 196
Mayer, Joseph, statute of, 385
Measuring heights, 236
Medicine, earth-worms as a, 437
Mediæval coins found at Oxford, 314
JUPITEE, light of the planet, 251
Medusæ, 277
Megascolex, 438
Kiss of peace, 201
Mercury, notes on a transit of, 157
Metal, paint for protection of, 65
LADIES hawking in the Middle Ages, 141
Meteoric observations, 38
Ladies in church in feudal times, 17
Meteorological observations made at Kew,
Laminariæ, 330
44, 303
Lamp, a new, 315
Meteors, April, 220
Lamp, electric, self-regulating, 65
Meteors, orbits of, determined, 3
Lamp, Fiddian's, 80
Meteors, probable, of Halley's comet, 281
Land leech, 239
Microscope, diaphragm for, 429
Landscapes, lunar, 190
Microscope and the eyesight, 427
Late solar eclipse, 80
Microscopic plants and animals in eruptive
Lava floods, source of, 175
rocks, 160
Lawsuit, curious, 215
Mediæval picnic, 15
Leam Moor, stone circles at, 347
Milky way, the, 8, 111, 178, 181
Leather, compound for tanning, 386
Miller's thumb, parental attachment of
Leaves of the dagger plant, 26
the, 455
Leech land, 239
Mimicry of form in insects, 224
Lepidonotus, 162
Minyadinæ, 87
Leucodore, 324
Mine, Carclaze tin, 154
Life, curious page of animal, 210
Minerals, fluid cavities in, 240
Light, extinction of, 113
Moon, colour in the, 251
Light waves, 158
Moon, occultations of stars by the, 125,
Linné and Aristarchus, 190
218, 279, 441
Lipari, eruption of, 174
Moon, photographs of the, 156
Liquefaction of gases, 80
power, solar heat as a, 57
Literary notices, 74, 158, 237, 316, 392, Motive
Multiplication of stentors, 421
463
Mus marinus, 162
Loach, 412
Musical intervals, 239
Locket, new form of, 233
Lug-worm, 326
NAPDES, 432
Lumbricidæ, 432
Natal, insect life in, 336
Lumbricus or earth-worm, 96
Nebula, Orion, 186
Lumbrineris tricolor, 170
Nebulæ, classes of, 116
Lump sish, 455
Neckties, fastening for, 391
Lunar craters, 190
Needle-case and wrapper, 461
Lunar eclipses, 460
Nephthya chabrolii, 86
Lunar landscapes, 190
Nephthydæ, family of, 263
Lunar photography, 156
Nereid, nervous system of, 96
Lustre of fixed stars, 8
Nereides, family of, 261
Nereids, 161
MADBBPOBABIA, 85, 241
Nereis tubicola, 169
Magellanic clouds, 188
Magnesia, sulphate of, manufacture of, 316 Nerines, 323
Magnesium, chloride of, growth of fungi Nervous system of annelides, 95
Nests of the white ant, 337
in, 80
New direct vision spectroscope, 239
Magnolia in Greenland, 159
New facts in economic botany, 26
Making and applying aniline black, 235
New method of silvering, 69
Malay Archipelago, 221
New rotating stage, 79
Man, Isle of, stone circles in, 348

Ink, common, age of writings in, 466
Insanity in France, 400
Insect life in Natal, 336
Insects, mimicry of form in, 224
Insects, rain of, 400
Insects, ravages of, 216
Insects' wings during flight, 53
Invention, progress of, 65, 155, 233, 315,
386, 461
Iron, paint for protection of, 65
Iron, smelting, carbonizing, and purifying,
462
Irregular nebulœ, 188
Isle of Man, stone circles in, 349

New theory of the universe, 1,110, 177
Nine ladies at Stanton Manor, 346
Nitrogen, elimination of, in working blast
furnaces, etc., 70
Noematachograph, 363
Northia tubicola, 169
Notes and memoranda, 79, 159, 239, 319,
399, 466;
of stars by t he moon, 125,218,
279, 441
Occlusion of gases, 143, 311
Onuphis conchilega, 169
Opheliadæ, 325
Optical toy, the cinescope, 320
Orbits of asteroids, 4
Orders of annelides, 93
Organization of annelides, 99
Orion nebula, 187
Ourang-utan, habits of, 223
Ova of corals, 246
Ova of polyps, 276
Oviparous vertebrate blood corpuscles, 320

OCCULTATION

for protection of metal, 65
Palladium, relation of, to hydrogen, 143,311
Paradise, bird of, 226
Parallax of fixed stars, 41
Parental attachment of the miller's thumb,
455
Pavement, tesselated, discovery of, 384
Peace, kiss of, 201
Pectinaria, 329
Pelagic nereis, 263
Penmenmawr, stone circle on, 350
Pennatulidæ, 85
Periodic weather changes, 400
Phosphorescence of medusæ and hydra, 278
Phosphorus poisoning, antidotes to, 240
Photograph of the solar spectrum, 120
Photometric standard, a new, 159
Phyllodoces, 161
Phyllodocidæ family, 284
Picnic, mediæval, 15
Planet, 107th, 126
Planet, 108th, 280
Planetary nebulæ, 188
Planets, 37
Plant remains interstratified with basalt,
160
Plastic composition for decorating buildings, 462
Pocket spectroscope, 399
Poison glands of callophis, 400
Poisoning by coriaria, 26
Poisoning by juice of euphorbias, 404
Poisoning, phosphorus, antidote to, 240
Poisonous stocking dye, 228
Polar world, the, 151
Polarization of skylight, 160
Poly dora, 324
Poiynœ, 162
Polj pes, 81, 241, 274
Polyzoa, 83
Pompeii, destruction of, 173
PAINT
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Porcupine sea-mouse, 163
Preparing and employing zirconia, 67
Preserving animal and vegetable substances,
69
Preparing blocks for surface printing, 462
Preparing fibre from bamboo cane, 461
Preserves, receptacles for, 390
Preserving and hardening stone and cement, 463
Pressure, atmospheric, 44, 46, 48
Preventing incrustation in boilers, 68
Prey of cod fish, 162
Priestesses in the Middle Ages, 297
Production of steel, 234
Progress of astronomy during present century, 1
Progress of invention, 65, 155, 233, 315,
386, 461
Purifying iron, 462
Rabbit-hunting in the Middle Ages, 136
Kag-worms, 324
Railway trains, signalling in, 386
Rainfall, 46, 47, 50
Ravages of insects, 216
Rawcliffe, barrow at, 61
Rays of the sun, 56
Rain of insects, 400
Receptacles for preserves, 390
Red ants, 336
Refrigerating salts, 466
Regenerating alimentary substances, 388
Regulation of dress in feudal ages, 201
Reigate firestono, 29
Relative humidity, 45,47, 49
Reliquiæ Aquitanicæ, 319
Resin, 357
Respiration of Annelides, 99
Respiratory system of Annelides, 161
Results of meteorological observations at
Kew observatory, 44, 303
Riding in the feudal times, 11
Roman coins at Salisbury plain, 459
Roman leaden coffin found at Sittingbourne, 314
Roman de la Violette, 13
Roman sepulchral monument at Colchester, 458
Roman villa at Bignor, 64
Roman walls in France, destruction of, 232
Romances of the round table, 13
Rotating stage, new, 79
Rustic life in the Middle Ages, 299
Sabellæ, 95, 329
Saccharine and saline solutions, 389
Safety matches, 69
Saline solutions, 389
Salisbury Plain, Roman coins at, 459
Salts, refrigerating, 466
Sao, 169
Scale-back worms, 165
Sea-mouse, 104, 161
Sea-water, paint for protection of metal
from, 65

472

INDEX.

INDEX.

Secretion, organs of, in Annelides, 99
Sedentary worms, 321
Self-regulating electric lamp, 65
Sense, organs of, in annelides
Serpents, excommunication of, 217
Serpulæ, 96, 330
Setæ of annelides, 103, 162
Sexes of actinozoa, 243
Shooting, stars, orbits of, determined, 3
Sidereal heavens, Hcrachel's method of
guaging, 9
Sidereal system, 110
Sight, sensation of, 364
Sight, sharpness of, among the Jakuts, 153
Siglaton, 197
Signalling in railway trains, 387
Silkworms, food for, 320
Siluroid fishes, 417
Silvering, new method of, 69
Siphonia brasiliensis. 401
Siphonia elastics, 401
Siphonostomidæ, 326
Siphunculoid worms, 95
Skull of domestic fowl, 240
Sky, light of the, 160
Smelting iron, 462
Social life in the feudal castle, 11
Society in the feudal ages, 195
Solar eclipse, 35, 80, 126
Solar heat as a motive power, 57
Solar observations, 441
Solar spectrum, how to photograph
the, 120
Southern cross, 182
Source of lava iloods, 175
Sources of copal, 356
Sparks and their spectra, 59
Spectra of coloured sparks, 59
Spectroscope analysis of comets, 2
Spectroscope, new direct vision, 239
Spectroscope, pocket, 399
Spectrum, the solar, 120
Sperm candle, substitute for, 159
Spionidæ, 323
Spoggodes celosia, 86
Stanton Manor, stone circle at, 346
Stars, distance of fixed, 8
Stars, heat of, 240
Stars, occultations of, 125, 218, 279, 441
Star-sheets, 111
Star-streams, 183
Stars, variable, 281, 370, 443
Statue of Joseph Mayer, 385
Steel, production of, 224
Stein on stentors, 417
Stellar nebulæ, 117
Stentors, anatomy of, 352, 418
Sting of black ant, 342
Stocking dye, poisonous, 228
Stone circles, 344
Stone, preserving and hardening, 463
Stopper for bottles, 389
Suctoriæ, 94
Sulphate of magnesia, manufacture of, 316
Sulphurets of iron, decomposition of, 233

Sunlight, influence upon ants, 343
Sun, total eclipse of, 35, 126
Surcote, 197
Surface printing, preparing blocks for, 462
Swarming of ants, 340
Swedish Arctic Expedition, 159
Syllidæ family, 266
of newts and their eggs, 400
Tanning leather, compound for, 386
Telescope, test of definition for, 425
Telescope, work for the, 424
Telethusæ, 326
Temenos, 229
Temperature in arctic regions, 152
Temperature of the air, 44, 46, 49
Tenacity of palladium and hydrogen, 147
Termites, 340
Terebellœ, 95, 328
Terricola, 94, 432
Tesselated pavement, discovery of, 384
Test of definition for telescope, 425
Textile fabrics, 67
Theory, new, of the universe, 1, 110, 177
Thermometers, 389
Tin mine, Carclaze, 154
Torpedo, source of electricity in the, 320
Total solar eclipse, 35, 126
Touch, sensation of, 364
Tutu, or wine-berry shrub, 26
Transit of Mercury, 157
Transit of Venus, 37, 400
Travelling in the feudal ages, 25
Treating cast iron, 234
Treating textile fabrics, 67
Tree-ant, nest of, 341
Trees of polar regions, 152
Treverbyn, manor of, 154
Tresson, 198
Trochœta subviridis, 239
Tubicola, 94, 321
Tubipora musica, 86
Tumuli near Bridlington, 60
TADPOLES

Walking in the feudal times, 11
Wandering worms, 321
Water, airless, boiling point of, 320
Water, boiling by the sun's rays, 58
Weasel, courage of the, 466
Weather changes, periodic, 400
Weaver-worm, 329
Weiss, Dr., meteoric observations, 38
Womankind in all ages of Western Europe,
11, 131, 194, 286, 371, 444
Womankind in the feudal castle, H, 131,
195
Womankind outside the feudal castle, 286
Woman's dress in the feudal times, 194
Work for the telescope, 424
Worms, annelidan, 91,161, 261, 321, 432
Worms, sedentary, 321
Worms, tubicolous, 321

Worm, weaver, 329
Worms, wandering, 321
Worth church in Sussex, 64
White ants, 336
Whiteness of moonlight, 251
White-rag worm, 263
Wine-berry shrub, 26
Wind, 45
Wings of insects during flight, bá
Winnecke's comet, 280
Winnecke's periodical comet, 218, 366
Winterton, discovery of pottery at, 231
Writings in common ink, age of, 466
ZIRCONIA,

preparing and employing, 67
Zoantharia, 85
Zodiacal light, 6
Zoophytes, British hydroid, 274

UNIVERSE,

new theory of, 1,110, 177
Use of earth-worms, 434
Utilizing fuel, 316
stars, 281, 370, 443
Variation in lunar photography, 156
Vateria indica, 356
Vegetable substances, preservation of, 70
Vegetation of polar regions, 151
Velocity of cerebral functions, 362
Velocity of insects' wings during flight, 53
Venus, transit of, 37, 400
Venus, transit of, in 1874, 319
Vesuvius, 171
Via lactea, 181
Vipers in La Haute Marne, 320
Volcanoes, 171
Volcanoes, chemical theories of, 176
Volcanoes of Malay Archipelago, 222
VARIABLE

"WAGGONS

in the feudal ages, 23
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