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CCMAROCYSTITES AND CARYCCRINITES
CYSTIDS WITH PINNULIFEROUS FREE ARMS.

By A. F. Foerste, Davton, Osio.
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I. PRELIMINARY REMARKS ON THE ARM STRUCTURE OF
CriNoips axD CysTips. :

1. The origin of biserial arms.—According to Dr. F. A.
Bather (Caradocian Cystidea from Girvan, 1913, p- 385), “the
brachioles of Blastoids and Cystids differ from the Crinoid brach-
ium, not merely in more fundamental features, but also in the
fact that they are invariably biserial and present no trace of
an anterior uniserial stage.” The crinoid arm, on the contrary,
is regarded by Bather (Echinoderma, 1900, p- 116), to have
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originated from a uniserial form, even in those cases in which
the arm structure at present is biserial, and diagrams are given
illustrating how a uniserial arm might develop into a biserial one.
It is well known that biserial arms frequently are uniserial at
the base, and the arrangement here is regarded as more primi-
tive. (See also Wachsmuth and Springer, Revision of the Pal-
aeocrinidea, 11, 1881, pp. 22-25; 111, sec. 1. 1885, p. 14; I11, sec.
2, 1886, p. 230.)

According to Austin H. Clark (A Monoograph of {he Exist-
ing Crinoids, 1915, pp. 184, 189, 350, 352. 354), however, the
biserial arrangement is more primitive in crinoids: the biserial
arrangement being the palaeczoic type, while the uniserial
arrangement originated chiefly in post-palaeozoic times.

Clark’s conception of the origin of the biserial arrange-
ment of the ossicles of crinoid arms is so different fr m that
commonly accepted that it is*quoted here in full:

“The crinoid arms are primarily paired intefradial struc-
tures which have become joined along their radial edges, forming
a radial biserial appendage, the ossicles later slipping in between
each other so that an elongate uniserial appendage results. The
original arms were, therefore, primarily ten in number. :
Originally, before their union into five, the arms probably bore
no ventral ambulacral structures, and had no function other
than that of increasing the surface of the disk by increasing
the distance between the points of attachment.” (Loc. cit..
p- 350))

The following statemert by Clark also is illuminating:

“In such fossil forms as have biserial arms it is to be re-
marked that at the arm bases the brachials become uniserial:
this is not to be interpreted as indicating that the arms were
originally uniserial, but quite otherwise; mechanical considera-
tions have forced the amalgamation of the two primitive radials
into one, and similarly have forced the uniserial arrangement
of the first two, and partially of the third and fourth, brachials.”
(Loc. cit., p. 354.)

“It is probable that the pinnules represent the original
type of crinoidal appendage, and that these appendages were
arranged in five pairs, the two components of each pair being,
so to speak, back to back; but the pinnules have become enor-
mously reduplicated, while in addition (they) have come to
lie along either side of long body processes (arms) of subsequent
development.” (Loc. cit., p- 274, but omitting all references
to cirr1.)

Since the pinnules of crinoids are uniserial, it is certain
that Clark regarded the uniserial arrangement of ossicles as
primitive among crinoid appendages. Even the primitive arms
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of crinoids were imagined to have been uniserial. However, in
times preceding the advent of the actually known paleozoic
crinoids, adjacent uniserial arms were supposed to have united
laterally in pairs in such a manner as to give rise, first, to bi-
serial arms, and, later, to pseudo-uniserial ones. According
to this theory, the pinnules of the theoretical uniserial arms
might be arranged in a single series along one side of the arm,
while the pinnules of the pseudo-uniserial arms should occur
in two series, successive pinnules being attached alternately
to opposite sides of the series of arm ossicles. If the food-
groove along the ventral surface of the crinoid arms be regarded
as originating along the line of junction of the two imaginary
primitive uniserial arms, this food-groove might be retained
in pseudo-uniserial arms originating from biserial forms, but
need not be present in the imaginary primitive uniserial arms.

The views favored by Clark, and the various possible de-
ductions from them, are interesting.  They would be more
interesting if they found support in the probable phylogeny
of fossil species. It must be conceded, however, that in the
earliest known representatives of the crinoids, the primary
radials and primibrachs of Clark already were united laterally
so as to present an initial series of five, instead of ten arms, as
demanded by Clark’s theory, and all the arms bear food-grooves.
Moreover, even the earliest known biserial arms are more or
less uniserial at the base.

2. Umnaserial arms and pinnules in Comarocystites.

In the absence of anything corresponding to the supposed
primitive arm structure of crinoids, among known Crinoidea,
it may be interesting to note that, among the Cystidea, the free
arms of Comarocystites are uniserial (Plate 1II), do not bear a
food-groove along the ventral side, and support pinnules ar-
ranged in a single row along the right side of the arm (the ven-
tral surface being directed away from the observer, and the
distal end of the arm being directed upward); moreover, the
pinnules consist of a uniserial row of ossicles. In a similar
manner the uniserial row of plates supporting the recumbent
food-grooves of Amygdalocystites (Canadian Organic Remains,
I11, 1858, plate VI), also might be regarded as uniserial arms,
bearing a single row of uniserial pinnules along the right side
of each arm. It is probable that Canadocystis (Bullet'a 80,
N. Y. State Museum, 1905, pp. 273, 274),had an arm structure
similar to that of Amygdalocystites. It must be admitted, how-
ever, that these forms are not normal cystids. = The possession
of uniserial pinnules in Comarocystites and Amygdalocystites is
sufficient to indicz ie this. Canadocystis probably also had uni-
serial pinnules. However, none of these genera could have
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given risc to five biserial arms, in accordance with the theory
favored by Clark. At best Comarocystites could have given
rise to only two biserial arms.

3. Biserial arms and brachiolar pinnules in Caryocrinites.

Caryocrinites (Plate 1V) is anomalous in presenting brachio-
liferous free arms in which the ossicles of both the brachioles
and of the arms are biserial in arrangement. It is anomalous
also in other respects. Successive ossicles on the same side of
the arm usually alternate strongly in size, the lower ossicle of
each successive pair being distinctly shorter, sometimes. in
fact, being reduced to a small, transversely cuneate remnant
along the inner half of the horizontal suture separating the
larger ossicles. When both of these successive ossicles are more
nearly of the same size, both are in contact with the base of the
same brachiole, the lower, shorter ossicle of each pair being in
contact with one of the series of ossicles forming the brachiole,
and the upper, longer ossicle of the same pair being in contact
with the other series of brachiolar ossicles. Hence, it is possible
to regard not only the arm of Caryocrinites as made up by
lateral junction of two uniserial arms, but, in a precisely similar
manner, the brachiole of Caryocrinites might be regarded as
built up by the lateral junction of two uniserial pinnules, the
supporting brachial ossicles of each of these theoretical uniserial
pinnules still remainirg distinct.

As a matter of fact, the brachioles of Caryocrinites may be
diagrammed also as uniserial forms, the ossicles alternating in
position from right to left, across the brachiole, the lowest
ossicle at the base being regarded as the first ossicle of the
brachicle.

4. Biuserial brachiolar pinnules in Stephanocrinus.

Biserial pinnules are so anomalous among crinoids that in
the case of Stephanocrinus. the only crinoid known to possess
them, Wachsmuth and Springer identified them as pinnules.
(Revision of the Palaeocrinidea, 111, sec. 2, 1886, pPp- 283, 284,
292), stating: “ that these appendages, although they are equally
thin and short, are not pinnules, is proved by the fact that all
are supported by a radial plate, instead of being distributed
separately along the sides of an ambulacrum.” More recently
(Zittel, 1913, p. 207) Springer has described Stephanocrinus as
possessing ““arms with one short biserial trunk to the ray, giving
off slender biserial, non-pinnulate side arms from the outer
shoulder of each brachial.”

Evidently, Stephanocrinus is as anomalous among crinoids
as Caryocriniles is among cystids.

In presenting the preceding lines, there is no desire to
favor the view that the biserial arms of crinoids have orniginated
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by the lateral junction of pairs of uniserial arms, but rather to
call attention to the fact that the arms of certain cystids appar-
ently present similar problems. Since these cystids are not as
fully known as desirable, a more detailed description of Coma-
rocystiles is given here, and a few notes on Caryocrinites are
appended. Moreover, these are the only cystids known at pre-
sent in which the arms are free and pinnuliferous, and, as such,
possess special interest. Both genera are American, occuring
both in Canada and in the Umnited States.

II. DetaiLep DescripTioN oF COMAROCYSTITES PUNCTA-

TUS BiLLINGs.

5. Chiej characteristics of the theca. Theca obovate, some-
times attaining a length of 75 millimeters, composed of about
150 plates, most of which are hexagonal in outline. Theca
moderately compressed from front to rear. The two primary
food-grooves diverge toward the right and left from the mouth
in such a manner as to present the appearance of a single trans-
verse, slightly curved, food-groove (Plate 11, figs. 1A, 1B). The
mouth does not present the appearance of a slit, as in Aristo-
cystis bohemicus Barrande, and apparently also in Caryocystis
angelini Haeckel, but takes the form of 2 more or less circular
or elliptical aperture located in the bottom of the transverse
apical food-groove already described. At each end of this food-
groove the latter branches dichotomously on the proximal side
of a nodular protuberance of stereom about 10 or 11 milkmeters
in diameter. Each nodular protuberance supports two arms.
There are, therefore, four arms, arranged in pairs, one pair at
each end of the transverse apical food-groove. These corres-
pond in position to the lateral arms of the five-rayed cystids,
there being no arm corresponding to the anterior arm of other
cystids. The anal pyramid (Plate 11, figs. 1A, 1B, 2; also Plate
I1I) is situated a short distance below the protuberance support-
ing the pair of arms on the right side of the specimen. In larger
specimens the transverse apical food-groove, between the points
of dichotomous branching, has a length of about 13 millimeters,
thus giving to each of the two lateral primary rays a length of
6 millimeters. Throughout its length the transverse apical
food-groove follows the suture line between the anterior and
posterior peristomial thecal plates. Along the basal margin
of the nodular stereom protuberance, the ecterior surface of
the adjoining thecal plates of some specimens presents the
appearance of being crowded back by the growth of the pro-
tuberance, and consequenlty of being reduced in size. The
upper margin of these thecal plates appears to rest against the
lower half of the protuberance, but cross-sections of other
sprrimens indicate that the upper inner margin of these thecal
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plates extends sufficiently beneath the base of the protuberance
to suggest the origin of the latter as an accessory stereom de-
posit upon the surface of the theca, necessitated by the demands
for support made by the growing arms.

The degree of compression of the undistorted theca is
moderate, the horizontal diameter from front to rear equalling
about .80 to .84 of the lateral diameter. Specimens preserved
in soft clay frequently present a much greater degree of com-
pression, due to distortion after death. The length o/ the theca
equals about ten-sevenths of the greatest transverse diameter.

e

passing

ansverse
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by the gut to reduce the convexity of the upper part of the
theca along its outline on the right, thus lowering the point of
maximum convexity on this side.

6. The numbering of the rays of the jood-groove sysitem.—
There is no trace of an anterior ray of the food-groove system
in Comarocystites. However,it is possible to number the arms
present in such a manner as to make comparisons with the
rays of cystids whose food-groove system shows evidence of
pentameral symmetry readily possible. (Plate II; figs. 1A, 1B;
also text diagrams 1 and 2).

.................
- oy,
-”

Text figure No. 2. Diagram of the thecal plates of the specimen represnted by
figure 2 on plate I11. - All letters and numbers as in text figure No. 1. That edge
of theth plates which is in contact with the anal pyramid is heavily blacaened.
Thz: edge of the basal plates which is in contact with the column is blackened
n a simlar manner.

In that case the leit posterior arm is numbered 1, the left
anterior arm, 2; the right anterior arm, 4: and the right posterior
arm, 5. The absence of an anterior ray is indicated by the
omission of the number 3.

7. The thecal plates bordering on the transverse apical jood-
groove.— 1f the thecal plates bordering on the transverse apical
food-grmove be termed peristomial plates, then the anterior
side of this food-groove (Plate 11. fig. 1A) may be described as
bordered by two peristomial plates sufficiently similar in
width to place the intermediate suture-line about half-way
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between]the ends of the transverse food-groove. It is evident
that if an anterior ray ever was present in any of the ancestral
forms leading to Comarocystites, this ray may have rested on
the suture between the two anterior plates (between plates a,
a, of the text diagrams) here under discussion. The outline
of the right anterior penstomial plate is more or less obliquely
hexagonal, while that of the left anterior peristomial plate is
pentagonal.

The posterior side of the transverse apical food-groove also
is bordered by two peristomial plates (Plate 11, fig. 1B; also
thecal plates Ip and rp in text diagrams), of which the right is
so much larger that it forms about two-thirds of this posterior
border. The general cutline of this plate is hexagonal, but the
apex of the angle on the left side is broadly truncated by a
concave curvature, as though three plates were in contact
with the left margin of this plate:—a large, more or less hexa-
gonal plate along its lower left margin, and two more or less
quadrangular plates in contact respectively with the middle and
upper parts of this left margin. The line of contact between
these two quadrangular plates is not defined distinctly in any
of the specimens examined, but the upper one of these plates
borders on the left third of the transverse apical food-groove,
and may be described as the left peristomial plate.

8. The location of the hydropore—The orientation of the
cystids is determined, not by the location of the mouth and
anus but by the vertical plane passing through the mouth and
hydropore. The hydropore is regarded as occupying a position
directly posterior to the mouth. In Comarocystites the only
surface structure suggestive of an entrance to a hydropore is
a narrow, sinuous, almost linear ridge, extending from the
middle of the right posterior peristomial plate (Plate II, fig. 1B;
also thecal plate rp in text diagrams), across the suture on its
lower right-hand margin, to the middle of the adjoining plate.
The upper margin of the latter plate is in contact with the pos-
terior margin of that nodular stereom protuberance which sup-
ports the right pair of arms. Along the top of the narrow,
linear ridge there is a very narrow, faint groove, suggesting the
presence of a narrow slit-like opening. Whatever the homo-
logy of this ridge, it evidently locates the posterior side of the
theca. In several specimens there is a minute pit just beyond
the upper left-hand termination of this hydropore ridge; how-
ever, since it was not observed in the majority of specimens, it
cannot be determined definitely as a gonopore.

Nothing suggesting a hydropore is known at present in
Amygdalocyststes. In Canadocystis emmonsi, however, G. H.
Hudson (N.Y. State Museum Bulletin 80, 1905, pp. 273, 274)
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has figured a possible madreporite at the posterior end of the
suture between the two posterior peristomial plates making
it possible %o orient this species in the same manner as Coma-
rocystites with the anal pyramid on the right side of the theca.

9. The covering-plates of the transverse apical food-groove. —
The transverse apical food-groove is covered by two series of
quadrangular covering-plates (Plate 11, figs. 1A, 1B, also C),
one on each side of the food-groove. These plates meet along
the middle line of the food-groove so as to form an acute ridge.
They are ornamented by minute granules similar to those of
the adjacent thecal plates and there also is a tendency toward
a low elevation along the median line of each covering plate.
About five covering-plates occupy a length of 3 millimeters
along the food-groove. In one specimen 8 or 9 covering-plates
occupy the entire distance along the unbranched part of the
food-groove, and 3 or 4 covering-plates line each side of that
short branch of the food-groove which leads from the left end
of the food-groove to the base of the left posterior arm. In
another specitmen about 15 or 16 covering-plates occur on each
side of the unbranched part of the transverse apical food-groove,
and 3 or 4 covering-plates line each side of the branches leading
from the left end of the food-groove to the bases of the left
anterior and left posterior arms.

10. The anal pyramid.—The number of plates exposed in
the anal pyramid (Plate 11, fig. 2; also A in the text diagrams)
varies in different specimens from 5 to 6. The general form
of the pyramid is semi-globose, but the apical part is more or
less flattened. In all of the specimens examined, the anal
pyramid is bordered by 5 thecal plates. Of these, two plates
form the lower border. one plate occurs on each side, and the
fifth plate forms the upper part of the border. The plate on
the right side of the pyramid always is larger than the rest.
The upper margin of the plate forming the upper border of the
anal pyramid 1is overlapped on cach side by a narrow plate
separating the latter from direct contact with the base of the
nodular stereom protuberance supporting the right pair of arms.
The sutures of these overlapping plates often are indistinctly
defined. That part of the thecal plates which borders directly
on the anal pyramid is s nooth, and moderately elevated.

11. Fixity in_arrangement of thecal plates limited to the im-
nediate vicinity of the tramsverse apical jood-groove and of the
mal pyranid —Evidently there is a ronsiderable degree of fixit
n the number of thecal plates bordering on the transverse apical
1ood-groove and in the number of those surrounding the anal
pyramid, and there also is an approximation toward fixity in
the general outline of these plates; but this fixity in number,
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position, and outline usually is absent among those thecal
plates not bordering on the transverse apical food-groove or
on the anal pyranmd. However, certain tendencies may be
observed even among these other thecal plates. For instance,
the plate directly below the middle of the anal pyramid (Plate
I, fig. 2; also text diagrams), but not in contact with the latter,
is pentagonal in form, and has its upper angle inserted between
the two plates forming the lower border of the pyramid.
Directly beneath this pentagonal plate is a series of hexagonal
plates which, instead of forming a strictly vertical row, are
arranged along a line which curves moderately toward the
front on approaching the base of the theca. Parallel to this
series of plates, on its anterior side, are similar series of hexa-

Anterior side

Axis of
Food- S
Groove

Posterior side

Text figure No. 3. The two lower series of thecal plates of the specimen represen-
ted by text figure No. 2, and by figure 20n plate 11: drawn as though viewed from
the lower side and oriented as indicated in the diagram. The vertical projection
of the plane passing through the anal pyramid and parallel to the transverse apical
food-groove 1s indicated by the dotted Iine. The dotted parts surrounding the
top of the column indicate the extent to which the basal part of the Jowest series
of plates rises avove a line drawn strictly horizontai around the top of the column.
The dotted arca at the center represents the lumen. Fifteen plates occur in the
basal series of thecal plates in the speamen diagrammed, but the numbler varies
greatly in different specimens.

gonal plates, causing the anterior side of the theca to present
the appearance of diagonally intersecting rows, with the angles
of the thecal plates directed toward the top of the specimen.
On the posterior side of the theca, a similar tendency toward
the arrangement of plates in rows causes one of the sides of the
hexagonal plates, rather than one of its angles, to face the top
of the specimen.

12. The arrangement of the tasal thecal plates.—The outline
and arrangement of the basal thecal plates, where in contact
with the stem or column, varies from 11 to 15 (Text diagram
No. 3) in different specimens. The line of contact between the
basal thecal plates and the top of the column is not strictly
horizontal, but rises and falls 1n an irregular manner, varyving
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in different specimens. All efforts to diagram the basal thecal
plates of Comarocystites punctatus in such a manner as to secure
a primary series of 3, 4 or 5 plates has failed, nor is it possible
to demonstrate the presence of any radial plan of arrangement
of the lower thecal plates, extending outward from a supposed
primary basal series.

If any increase in the number of plates forming the theca
takes place in any except the earliest stages of growth, this in-
crease in number can take place only at the base of the theca,
where in contact with the column. Elsewhere the plates of the
theca are almost uniform in size. The series of plates in con-
tact with the column, however, frequently are unequal in size,
smaller plates not infrequently being wedged in between larger
ones, and the line of contact between the margin of the lowest
plates and the top of the column is more o1 less irregular.

EXPLANATION OF PLATE II.

Fig. 1. Comarocystites punctatus Billings. Specimen belonging to James E. Narmway.
A, anterior side, photographed s0 as 10 show the thecal plates nearest the trans-
verse apical food-groove, and coverplates on the anterior side of the food-groove;
also the position of the anus and of the masses of stereom supporting the two

irs of atms. Several of the plates give distinct indications of the pairs of
unate po;hstdwhnch "c;ur m;- brn:th the epi = B'.l sterior side,
photogra; s0 as to show the thecal plates along the upper hali ¢ the specimen,
the cover plates on the posterior side of the food-groove, and the linear b ydropore
passing from the right posterior plate dnﬁna.ny backward and to the t
teward the middle of the adoining plate. e facet for the support of the t

terior arm and the branch of the food-groove leading to the margin of this
acet are well preserved ; only a short part of the adjomning branch the food-
groove is seen.  The upper part of the mass of stereom on the right of the food-
groove has broken off beneath the level of the facets supporting the t pairs
of arms. In both figures the anal pyramid is located on the right. C, five of the
cover-plates of the food-groove enlarged. D, one the thecal plates enlarged so
as to show the indications of the presence nf{nm of lunar pores presented by
the epistereom in unweathered specimens. A, B, enlarged 3 diameters: C, en-
larged 13 diameters: D, enlarged § diameters. The form and relative location of
the thecal plates of this specimen are indicated in text diagram 1.

Fig. 2. Comarecy unctatus Billings. Specimen belonging to Walter R. Billings:
view of right nJl magnifed 2.4 diameters. Photographed 5o as to show the
anal prramid, the thecal plates immediately surrounding the anal pyramid, and
the diagonal artangement of the thecal plates on this side of the specimen.
Indications of the transverse apical food-groove terminating at the two masses

E of stercom supporting the pairs of arms are seen along the upper part of the figure.

Figs. 3, 4. Comarocystites punctatus Billings. One of the brachials and one of the

rinnuhrs of the type illustrated on plate 111, magnified, 3, three sviews of a
rachial, magnified 3 diameters; A, cross-section with indication of facet for
attachment for the pinnule on the right: B, side opposite the facet; C, side
showing the facet. 4, three views of a pinnular, magnified 6 diameters: A, cross-
section: B, side opposite the cover-plates; C, side showing three cover-plates
along one edge.

(To be comtinued)
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SEA SQUIRTS.

By Professor E. E. Prince, Commissioner of Fisheries, Ottawa.

No one who has spent a few hours on the sea shore, turning
over weed-covered stones, can have fai'ed to notice clusters of
leathery objects, styled by the fishermcn sea peaches, sea apples,
sea potatoes, etc. They are of various shapes, as these names
indicate, and differ in colour, some bright pink, others scarlet,
or orange, or pure white, or stone colour, and other tints. Some
strongly resemble leathery grapes, or coarse plums, or even
small leather bottles, while many are semi-transparent, and
not unlike green-glass flasks, one or two inches long. They
cling by the base to stones and other objects, and frequently
hang from the underside of shelving rocks, others are upright
and stalked, resembling a brown potato on a long stem (like
Boltenia), others are jelly-like colonies (such as A Mmaronsium),
and some occur as long strings of clear glassy creatures, floating
as Salpa does, near the surface of the sea. On touching them
they squirt out two thin jets of water, from an aperture at the
top, and another at the side. They have the appearance of
motionless vegetables, and are scientifically called Tunicates,
or less accurately, Ascidians, but by more philosophical natur-
alists they have been dignified with the name Urochordates.
They merit some notice in these pages for two reasons, viz:—
their very special scientific interest, and for a second important
reason, that they have formed the subject of some most re-
markable original investigations by Dr. A. G. Huntsman, of
the University of Toronto, a distinguished worker among our
younger Canadian biologists. The high scientific interest pos-
sessed by the Tunicates, or Sea Squirts, arises from the fact
that they have been looked upon as the ancestral progenitors
of the human race {or rather of all vertebrates), and about
them Andrew Lang wittily wrote:

“The ancestor remote of Man,
Says Darwin was the Ascidian.”

The additions to our knowledge of Canadian Ascidians,
due to Dr. Huntsman's labours, are a source of just pride to
our scientists. Dr. Huntsman was trained under Professor
Ramsay Wright, whose retirement from his Toronto chair
zoologists on this continent will never cease to deplore. Laborious
and successful work at the three Dominion Government bio-
logical stations, during many years, led to Dr. Huntsman's
appointment by the Biological Board recently to the responsible
position of curator in charge of the marine and fishery investi-
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gations at the Biological Station, St. Andrews, New Brunswick.
His work now covers a varied field, but it is his Tunicate re-
searches that claim notice here.

In 1908 and 1909 Dr. Huntsman investigated the Ascidians
of British Columbia, making a fine collection himself, and
having placed in his hands collections made by Professor John
Macoun, and by myself and the late Rev. G. W. Taylor, and
others. ~As a result of his studies he was able to publish
several papers on these curious creatures, but his most notable
memoir: “The Holosomatous Ascidians from the coast of
Western Canada,” covering over 80 pages of the volume: **Con-
tributions to Canadian Biology, 1908-1911,” with 12 splendid
photographic plates, and issued by the King's Printer, Ottawa,
in 1912, 1s an extensive and thorough record of his discoveries.
It has attracted wide attention, and specialists in various coun-
tries, from the United States in the west, to Russia in the east,
have welcomed this memoir as .n unusually important one.
Indeed, Professor W. Redikovzew, a distinguished Russian
zoologist, has been so impressed by Dr. Huntsman's results as
to adopt these Canadian discoveries and conclusions set forth
in the memoir alluded to, and has embodied them in a fine
paper, in Russian, recently issued at Petrograd.

Dr. Huntsman's beautiful plates, with precisely 100
figures, are heliotypes of his own exquisite photographs of
Ascidians. They are so skilfully done that the most minute
structural features are shown with marvellous delicacy and
faithfulness. The descriptions in the text are clear, accurate,
and models of scientific exposition. Important classificatory
features are given in graphic tabular forms, inserted under each
species, and summarizing measurements, and other details.

It 1s impossible here to do more than indicate some of Dr.
Huntsman'’s results. They embrace the following families:—
The Perophorida; the Family Agnesiide, with one species new
to science; the Chelysomatidaz, three new species; the Caesiride,
four new species; the Styelide, five new species, including, in-
deed, a new genus, Chemidocarpa, and one new species Mei-
androcarpa Taylori, appropriately named after the late Rev.
Mr. Taylor, who did herculean work as a pioneer in Pacific
zoology; and, finally, the Family Tethyide. In view of our
: extended knowledge, due to Dr. Huntsman's researches. the
last-named Family has acquired a new significance, and one
of the genera, Boltenia, has changed its application. Very in-
teresting facts are to be noted regarding the geographical dis-
tribution of these sedentary forms. The two species B. ovijera,
of the eastern shores, and B. villosa, of the Pacific shores, meet
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in the northern waters of Alaska, and as Dr. Huntsman observes,
“perhaps overlap™ in Behring Sea. Some species seem to be
very local, while others are world-wide in their range. The
familiar Pelonaia corrugata occurs in both oceans. and in the
Arctic as well, and presents in all localitics the same features;
“they do not seem to differ in any respect,” as Dr. Huntsman
notes. Alas, they are the homeliest in looks of all the Tuni-
cates! The same ubiquity applies to the greenish transparent
Ciona intestinalis. Phallusia ceratodes appears, on the contrary,
to be very local, and is a species first found and named by Dr.
Huntsman, and “quite distinct {rom any yet described.” In
contrast are forms like Ascidiopsis paratropa, a new species
described by the author, and very distinct, vet closely related
to species from Corean seas, from Northern Europe, and from
Puget Sound, which latter is, however, less than a hundred
miles south of Departure Bay, where it was first discovered.
But if the colours, the forms, and the distribution of these
strange animals present such striking features, their life-history,
physiology and anatomy are, to the popular mind, even more
extraordinary. Thus, they possess a heart, without valves,
and ventral in position, below the base of the endostyle. The
heart, in all true invertebrates possessed of that pulsating
organ, is dorsal in position, but in man and the Vertebrata it is
on the ventral or under side, as in Tunicates. It is enclosed
in a pericardium, and pulsates with a progressive vermiform
movement, and every few minutes it reverses its action, and
drives the blood in the opposite direction. Thus the heart’s
contractions drive the blood now this way, now that way, a
curious characteristic feature of the Sea Squirts, and not pro-
bably found in any other group of animals. Can it be that
human fickle-heartedness has come down to us from our Asci-
dian ancestors, with their uncertain cardiac phenomena! The
endostyle is interesting, and is a long open canal, glandular and
ciliated, with thickened sides, and extending along the ventral
face of the cage-like gullet or perforated branchial pharynx.
It is active in the digestive functions. The sac-like body has
two important openings, one at the top, inhalent, and the other
lower down at the side, which is exhalent. A thick coat or
tunic loosely encloses the whole animal, whence the name Tuni-
cate. This peculiar leathery tunic shows fibrille, and even
cells (mesoderm cells which have wandered from the body of
the enclosed animal), but it contains, most wonderful of all.
a substance, like the celiulose which is peculiar to plants. Ber-
tholet regarded it as a special substance, Tunicin, but recent
researches appear to confirm the old and long accepted view
that it is really cellulose. Now, cellulose has been regarded as
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affording one of the distinctions between plants and animals,
but this outer coat of the Ascidians is an animal product,
though not more essentially a part of the Tunicate’s body than
the shell of an oyster or clam. A thin epidermis covers the
tunic, in which pigmented cells occur, and these migrate into
the tunic itself and impart to the animal its colour, which is
very brilliant and striking in some Ascidians.

A few words only can be added about the life-history and
development of Tunicates. Eggs and sperms are produced by
the same individuals, though some are protandric, and do not
produce eggs until after the sperms are ripened; but budding
also occurs, and reproduction by stolons, a peculiar phenomenon.
From the egg issues a larva, very like a tadpole, the enlarged
head of which possesses several sticky papillz for the purpose
of adhering to external objects. A strong muscular tail per-
mits it to progress actively through the water. A rod passes
down the centre of the tail composed of a row of cells at first,
but later by the coalescence of these cells, it appears as a clear
hyaline resistent rod, or axis, representing the notochord or
primitive backbone of all higher animals. This first indication
of a vertebral column is a profoundly interesting feature in Tuni-
cates. Hardly less interesting are the larval organs of vision
and hearing, though, like mythical Cyclops, there is only one
eye, and the ear or otocyst is unpaired. Some Tunicate larvae
secrete a clear gummy blanket or floating house, and live in
it for a time, at the sea’s surface. Oikopleura does that.

It is unnecessary to describe subsequent changes further
than to say that, at a certain stage, the wriggling tadpole be-
comes rooted by its mouth-end to rocks or other objects, loses
its tail, its eye, its ear, and other organs, and becomes changed
into a leathery sac-like creature, sightless and motionless, the
typical rooted Ascidian, such as those Dr. Huntsman describes.
There are three main types among the Tunicates, viz.: the
Ascidiacez, the Thaliacez, and the Larvacez, and over one
hundred gencra. A promising field waits investigation, and Dr.
Huntsman’s .dditions to our knowledge proves what a great
opportunity for scientific discovery young Canadian workers
have who resort to our three Government biological stations
each summer. The Tunicates offer a fruitful field for re-
search. Science has revealed unexpected marvels in the study
of these lowly-looking Tunicates, but while they are degenerate,
as a class, they appear undoubtedly to have formed the starting
point whence higher animals have evolved, and have progressed
in an ascending scale until Man. the highest Chordate or Ver-
tebrate, developed.
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BOOK NOTICES.

“EpisLE AxD PoisoNous MusHroows,” by W. A. Mumill,
appeared June 26th, 1916. This work consists of a large colored
chart and a handbook containing descriptions of the chief edible
and poisonous species in North America, together with a dis-
cussion of edible and poisonous fungi in general, and methods
of preparing and cooking mushrooms. The treatment is brief,
requiring only about seventy-five pages, but it covers the
ground in a practical and safc way, and will enable the intelligent
mushroom-loving public to enjoy many of our native wild
species without fear of unpleasant consequences. The writer
has erred rather on the side of safety, failing to figure and re-
commend for food the royal agaric, the blushing amanita, the
sheathed amanitopsis, and many other species which are ex-
cellent and often eaten.

The chart was prepared under the author’s direction by
a very careful artist, and is suitable for hanging on the wall
in libraries and schools, as well as in botanical museums. Dif-
ferent Lackgrounds are used for the edible and poisonous species,
which are separated and plainly labelled, so that no mistakes
can occur. The maximum of safety lies in accurate figures,
and descriptions not only of species that may be safely eaten,
but also of all the dangercus species that should be avoided.

The price of the handbook and chart is $2.00. Copies
may be obtained from the author, whose address is Bronxwood
Park, New York City.

ENTOoMoLOGICAL SociETy REPORT.

The 46th Annual Report of the Entomological Society. of
Ontario recently appeared. It is one of the most valuable
reports ever issuel by the Society, comprising 232 pages, and
presents the proceedings of the 52nd annual meeting, held in
Ottawa on November 4th and S5th, 1915, Thirty papers are
given in full, many of which are illustrated. All students of
insect life, not only in Canada, but elsewhere, will undoubtedly
welcome the appearance of this splendid report. Most of the.
articles discuss important ¢rop pests of the farmer and fruit-
grower. :
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