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INTRODUCTION.

The foetus described in the following pages was taken by Mr. Roy C. Andrews at Aikawa,
Rikuzen Province, Japan, on July 5, 1910. Together with several other foetuses of other species
of Balenoptera and of Megaptera, also collected by Mr. Andrews, it was entrusted by the Ameri-
can Museum of Natural History to the Department of Anatomy of Columbia University for
purposes of anatomical study. At the time, the summer of 1914, the wish was expressed by
the Museum authorities that the feetus of B. borealis should form the subject of an anatomical
report to the Museum, which might be published in conjunction with Mr. Andrews’s monograph
of the species. It is difficult to overestimate the importance of material of this sort from a
diminishing species, of which I am not aware that a feetus has previously been procured and
preserved for laboratory examination. For this unusual opportunity and for many courtesies
in the course of the work, I owe most grateful thanks to the officers of the American Museum,
and in particular to Mr. Andrews for the great assistance, which his knowledge of the adult,
most generously placed at my disposal, has rendered in the whole progress of the study. To
Professor Huntington, under whose oversight I have prosecuted this investigation, I would
express my deep appreciation of his interest and advice; his experience has been invaluable in
securing a fuller utilization of the material, his judgment on occasions innumerable has cleared
up difficulties both of fact and interpretation. The illustrations are the work of Mr. M.
~ Petersen, Artist to the Department of Anatomy. Their production has been a labor of infinite
care, most of them have been studied and drawn under a lense, and for their finished accuracy
of detail I am under great obligations to the patience, skill and intelligence of the artist. Dr.
John D. Kernan, Jr., of this department has undertaken the description of the nasal fossa and
the ear.

The foetus measured 375 mm. linear length from the tip of the rostrum to the notch in
the flukes. Immediately upon being taken it was placed in a large receptacle of alcohol, the
abdomen and thorax having been previously opened by a small incision in the linea alba. In
a few places, the diaphragmatic surface of the liver and the dorsum of the ligamentum latum,
the fluid seems to have penetrated slowly, for these surfaces are pitted by minute bubbles of
gas. The cerebrum also has largely disintegrated, and the surface of the left lobe of the liver
was friable and became damaged superficially during its removal. Otherwise the viscera were
successfully hardened ¢n situ and retained clear impressions of adjacent organs, so that an
unusually favorable opportunity was afforded to study their syntopy. For transportation
and storage the feetus was placed in a cylindrical jar, in which it acquired a marked spiral twist
to the right. This attained a maximum in the thorax and here the ribs of the right side were
bent in lateral to their angles with consequent deformity of the right lung and disturbance of
thoracic proportions. There was also considerable desquamation of the epidermis and several
small areas of inconsiderable surface damage. On the whole the sum of the defects is very
small for material obtained and transported with such difficulty, and its great merit consists
in the admirable preservation of its muscles and viscera.

Accordingly, with a view to using it to the best advantage, attention was concentrated
upon the myology and visceral anatomy, and in this latter field primarily upon the topography
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of the upper abdomen. Since Carte and MacAlister no general account of the muscles in a
Mysticete has been given, and as their dissections were performed two weeks after the death
of their specimen, and their description in many places is extremely brief, it seemed desirable
to use this opportunity for reexamination of this topic. As to the abdomen, Weber in his
important study of the position of the alimentary canal in the Cetacea, has not touched upon
the conditions of the lesser sac, and the general literature affords but scanty information upon its
arrangement. Outside of these two main inquiries, I have recorded briefly the results of dis-
section, but have refrained from detailed study of many anatomical structures, which in a feetus
of this size were inconveniently small for dissection, and rather large for serial sections and
reconstruction. '

It has been the purpose of this report to record as objectively as possible the organization
of this feetus of a little studied species, and I have confined myself rather strictly to my subject.
In particular I have not attempted a collation or review of the literature, but have relied
largely upon the more recent studies in this field for comparison and interpretation, limiting
myself here again as far as possible to the works dealing particularly with the Bal®nopterine.

Measurements.

The dimensions of this feetus are given in the accompanying table I and their percentage
proportions in terms of the length from the tip of the rostrum to the notch in the flukes. While
the foetus, as has been said, was curved in an irregular spiral it was flexible enough to be
straightened and the measurements given were taken in this position with callipers. In the
case of a structure situated in the dorsal or ventral midline the measurement was taken'to
its transverse plane thus avoiding obliquity in line of measurement and increase of dimensions
by following the curvature of the surface. The dimensions most dependent upon the mode of
measuring are of course the distances between dorsal points and in particular the total length,
owing to the curvature of the dorsum and the greater or less degree of flexion of the head. In
this feetus the linear length when the body is straight is 375 mm., but when the curvature of
the dorsum is included it amounts to 450 mm.

Table I. Measurements of Andrews’s feetus of Balenoptera bbreah's.

. mm. %
_Total length, snout to notch of flukes......................... .. ..., 375
Tip of snout to blow hole............. ... ... . ..ol 45 12.0
Tip of snoUt t0 €y€. .. ..o e 65 '17.3
Tip of snout to external auditory meatus L. 96 R. 88 Av................... 92 24.5
Tipof snout toaxilla. ......... ... oo i 110 29.5
Tip of snout to umbilicus. .. ......... . ... 185 49.3
Tip of snout to anus.............. P 257 68.5
Tip of snout to hump. ............ .. .. .. i 233 62.1
Lengthof hump.......... ... SO 16 4.3
Notch of flukes to umbilicus. ........................ B 180 48.0
Notch of flukes to anus. ............. ..o A 120 32.0
Notch of flukes to hump......... .. ... 126 33.6
Tip to tip of flukes............ R 81 21.6
Anus to clitOris. . . . ..o o 8 2.2
Anus to umbilicus.. . .. e 63 16.8

Length of umbilicus. .. ......... ... . i 10 2.6
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mm. %
Depth of pedicle just anterior to flukes................................. 25 6.6
Depth of pedicle midway between flukesandanus........................ 36 9.6
Depthof body atanus............ ... .. .. .o, 42 - 11.2
Depth of body at umbilicus................... ... i 63 16.8
Depth of body at shoulder........................................... 66 17.6
Length of flipper tip, to anterior insertion. .............................. 48 12.8
Greatest breadth of flipper. ............... ... ... ... ...l 14 3.7
Circumference at eye................... oo 220 58.6
Circumference at shoulder............................................. 200 53.3
Circumference at umbilicus.. . ...................... ... ............... 173 46.1
Circumference at anus.................. .. ... i 122 32.6

Guldberg ! has given the dimensions of a larger feetus of Balenoptera borealis taken in June
at Soérvar which are here repeated.

metres.
Total length.............. e e 1.355
Length of the head (from the anterior extremity of the upper jaw to the meatus auditorius externus). . 0.345
Distance from the anterior extremity of the lower jaw to the umbilicus............................ 0.685
Distance from middle of umbilicus to the median groove in thecaudalfin.......................... 0.660
Length of right anterior limb. . . . ... .. 0.185
Distance from anterior edge of the above to anterior extremity of lowerjaw........................ 0.415
Sizeof anterior imb. . . . ... ... 0.045
Dorsal fin, length atbase. . ... .. ... 0.068
Dorsal fin, height. ... ... 0.050
Distance from dorsal fin to caudal groove. ......... ... ... e 0.417
Distance from dorsal fin to extremity of lowerjaw............. ... ..o i i 0.875
Breadth of caudal fin. ... . 0.332
Distance from the anus to the caudal aperture. ................ ... it 0.405
Distance from the anus to the centre of the umbilicus.............. ..., 0.250
Distance from the anus to the extremity of the lower jaw........................ ... ... ... .. 0.950

Collett 2 gives the measurements of four still larger foetuses collected in the Varangerfjord
in the month of July as follows:—

Table II. Collett’s measurements of four fétuses of B. borealis.

16 July | 18 July | 19 July | 18 July
No. 1, ¢|{No.2, & [No. 3, &|No. 4, &

Totallength........................................ 1550 1830 2410 2830
Snout to angleof mouth........................... ... 250 © 320 410 460
Angle of mouth to flipper............................. 220 250 350 360
Length of theflipper................................. 240 250 370 410
Width of the flipper.................................. 50 54 —_ —
Snout tothedorsal fin............................... 1030 1180 | 1550 1810
Dorsal fin toend of the tail........................... 520 650 860 1020
Snout tothemnavel.................... ... .. ..., 760 940 | 1230 1340
Greatest height of thebody........................... 240 300 330 390
Height at the beginning of the dorsal fin................ 170 230 310 320
Height at the middle of the tail....................... 140 160 220 .250
The least height of the tail.................... G 100 120 — 170
Length of each fluke................................. 200 250 —_ 340

1 Guldberg, G. A. 1885. On the existence of a fourth species of the genus Balenoptera. Jour. Anat. and Phys., Vol. XIX, p. 298.
3 Collett, R. 1886. On the external characters of Rudolphi’s rorqual (Bal@noptera borealis). P.Z. S. London, Part II, p. 261.:
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For purposes of comparison the proportional dimensions of these foetus are given in Table III.

Table I1II. Comparative measurements of six fetuses of B. borealis.

R. C.
Embryo, Sex Andrews | Gulberg | Collett | Collett | Collett | Collett
) Q Q No.1, 9|No.2, & |No.3, &{No.4, &
Place...... .. e Aikawa, | Sorvar, Varangersfjord, Norway
Japan | Norway
Date.............................. July 5 | June July 16 | July 18 | July 19 | July 18
Length in millimeters............... 375 1355 1550 1830 2410 2830
% % % % @ % %

Snout to external auditory meatus. . .. 24.5 25.3 — — — —
Snout to umbilicus.................. 49.3 50.6 49.0 51.4 51.0 50.2
Snouttoanus...................... ’ 68.5 70.0 — — — —
Snout to hump..................... 62.1 64.3 66.5 64.5 64.3 63.9
Notch of flukes to hump............. 33.6 30.8 — — — —
Notch of flukes to anus.............. 32.0 29.9 — — — —
Anus to centre of umbilicus.......... 18.1 19.2 — — — —
Depthatanus...................... 11.2 — 10.9 12.6 12.3 11.3
Depth at middle of pedicle........... 9.5 — 10.3 10.3 9.0 8.1
Breadth of flukes........... e 21.6 | 245 | 25.8 | 27.3 — 24.1
Length of flipper.................... 12.8 13.6 15.5 13.6 16.2 14.5
Breadth of flipper................... 3.7 3.3 3.2 2.9 — —_

While neither Guldberg nor Collett state their mode of measuring, the very general corre-
spondence of percentages reckoned from their data with the linear proportions of this feetus
makes it highly probable that they too used linear measurements. The comparison of these
six feetuses shows no progressive change of proportion during the period represented save only
in the breadth of the flipper, which progressively diminishes, being least in the foetus of 1830
mm., the oldest in which this dimension is given, and here a more slender form is attained than
is found in the adult, according to Collett’s measurements,' the length bearing the ratio to the
breadth of 1 :4.7 while in the adult it is as 1 to 3.5 or 1 to 3.6 reckoned to the axilla. The
distance from rostrum to hump is in all cases within the limits of adult variation as given by
Collett, this dimension varying in five specimens between 61 and 687%. ‘

The measurements of six feetuses of B. musculus (= physalus) ranging in length from 4 ft.
11 in. to 9 ft. 3 in. given by Burfield 2 makes possible a comparison with this species, and I have
added measurement of two foetuses of B. vellifera and one of B. sulphurea collected by Mr. R. C.
Andrews of the American Museum. I have quoted here only the percentage table of Burfield
and have used his points of measurement to facilitate comparison.

This table indicates the relatively great fixity of the position of the anus in the several
species at the beginning of the last third of the body; it is in advance of this in B. vellifera alone
and there only to a very slight degree. Somewhat more variable, but still within narrow limits
is the position of the umbilicus just behind the middle of the body, being farthest caudad in
B. physalus and B. vellifera. B. borealis has the shortest rostrum, the longest pectoral limb

1 Loe. cit., p. 252.
¢ Burfield, 8. T., Belmullet Whaling Station. Report of the Committee appointed to investigate Biological Problems incident to
_ the Belmullet Whaling Station. Report of Bri. Ass. Adv. Sci., Dundee, 1912, p. 145. ’
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vellifera and sulphurea.

Percentage measurements of feetuses of Balanoptera musculus ( = physalus), borealis,
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~ and the hump of most rostral position, being distinctly in front of the anus. It has also the
widest flukes. B. physalus has the hump farthest caudad and of greatest height in the series,
and has also the narrowest flukes. In B. vellifera the flipper is broadest, the rostrum longest.

EXTERNAL ANATOMY.

Coloration.— To some extent the epidermis has desquamated though the precise limits
cannot now be determined accurately. As the pigment is epidermal this desquamation has
reduced the colored area of the feetus, and the following description therefore understates the
pigmentation, which presumably was present over the greater part of the back. This, in the
feetus when received, together with the venter was a uniform light buff, except for the lips of
the blow holes and the ridges lateral to them. A narrow dark streak is present upon the lips.
On the upper lip it is sharply limited orally by the superior labial sulcus. It extends forward
within a centimeter of the tip of the snout; at the angle of the mouth it turns inward beside
the ridge formed by the temporal muscle, and broadening and becoming paler upon the palate
can be followed to the orifice of the pharynx. A small extension on each side is directed rostrad
beside the median ridge of the palate. In the lower lip the pigmentation also stops abruptly
at the very minute inferior labial sulcus. The streak becomes paler and broader towards the
angulus oris and fades out before reaching it. Rostrad it is prolonged upon the pointed extrem-
ity of the lips and passes over their margin to a slight degree upon their aboral surface. This
pigmented area at the symphysis is divided by two pale lines continuing the direction of the
inferior labial sulci into a median triangle on the oral aspect of the symphysis, and an outer
V-shaped area formed by the union of the labial streaks. The dorsum of the flukes is pig-
mented. They are darkest near their caudal margin and become paler towards the median
line and towards the rostral border, which itself is unpigmented as is also the ridge of the peduncle
between the flukes. The posterior margin of the flipper and a narrow border zone of its inner
surface are dark slate colored; the outer surface is more extensively colored along the posterior
margin in the middle third of its length, and there is in addition a narrow axial streak extending
nearly to the tip. In later foetal stages this type of pigmentation evidently disappears, for
Collett describes the coloration of his specimens, from five to nine feet in length, as being ‘“homo-

geneous, a reddish-brown on the upper and under sides, without any appearance of white on
the belly.”

Hairs.— Eight very small papillee were present, four on each side, in a row along the inferior
margin of the lower jaw. The most posterior is placed vertically below the eye, the most ante-
rior 14 mm. farther forward. The intervals between the papillee increase in length from behind
forward (3, 4 and 6 mm.). Collett found the hairs ‘visible but quite short” in his youngest
foetus (155 em.). He does not give their number or arrangement. In a foetus of 241 cm.
there were seventeen hairs on each side in the mandibular region arranged in three rows, three
each in the upper and lower and eleven in the middle row. On the upper jaw there were
seven hairs on each side in a single row, thus making a total of thirty-four hairs in this feetus.

Outline of body.— The rostrum is moderately arched, pronouncedly decurvate at the tip.
It is separated from the strongly projecting brain case by a shallow concavity in which are sit-
uated the blow holes. From the prominence of the cranium the dorsal contour is evenly and
gently convex as far as the hump, beyond which it declinesin a straight slope to the beginning
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Fig. 1. Lateral view of fcetus.

Fig. 2. Ventral view of feetus.
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of the flukes, where the inclination increases somewhat. In the whole length of the upper ridge
of the peduncle are slight irregular undulations. The integuments of the intermandibular
region, throat, chest, and abdomen nearly to the umbilicus are redundant, baggy and very
freely movable on the deeper parts. There are no furrows. Just behind the umbilicus the
convexity of the belly ends and the ventral contour takes a rectilinear course to the flukes. The
vulva and anus occasion only a very slight protrusion.

Head.— In the convex rostrum with its downcurved tip, the prominent eye, the great gape
of the mouth and its prolongation by a surface furrow below and beyond the eye, the head has
a remote and specious resemblance to that of the sauropside embryo. The rostrum is strongly
arched transversely and presents a slight protuberance on each side at the junction of its first
and middle thirds. This is prolonged backwards by a low ridge in the direction of the frontal
eminence before reaching which it merges in the general relief of the surface. Above and below
this ridge are concavities. The lower occupies the region between the eye and the protuber-
ance of the rostrum; the upper, smaller and narrow is limited by a median ridge: which marks
the caudal half of the rostrum, bifurcating as it approaches the nares into two arms which skirt
the lateral margins of the blow-holes. Between the arms is a triangular slightly depressed area,
which is deepened to a sulcus between the blow-holes. These are slightly curved with mesal
concavity and approach one another anteriorly. Their length is 9 mm. The distance between
their anterior extremities is 2 mm.; between their posterior extremities 9 mm. They are thus
inclined to the median line at an angle of 68 degrees. About each blow-hole and in the median
sulcus there is some pigmentation of the epidermis.

Eye.— The eye forms a large prominence above the surface prolongation of the oral cavity,
which continues lateral to and beyond the temporal muscle. Into this caudal extension of
the vestibulum oris the eye projects by its ventral convexity. The globe is covered by the lids
which are fused together except for a small hiatus, 6 mm. in length and situated at the junction
of the third and fourth vertical quarters of the ocular protuberance, so that far the larger seg-
ment of the eye is covered by the upper lid.

Ear.— The external auditory meatus has a punctate orifice 24 mm. behind and 9 mm.
above the centre of the eye.

Lips.— The line of the mouth ascends with a moderate arch almost to the eye, where its
direction changes curving downwards below the eye and running out into a surface furrow which
terminates vertically beneath the ear. In its whole extent, save at the decurved tip of the
rostrum, the under lip overlaps the upper to a slight degree, a condition the reverse of that which
is usual in mammals. The tip of the lower lips beneath the rostrum, is everted and protrudes
in a rudimentary spout. From this point the margin of the lower lip, beginning as a faint ridge
rises into a high thin flange beveled at the expense of its oral surface, which upon reaching the
ocular region declines as rapidly. Here, below the eye, the margin of the lower lip is approached
by the ridge of the temporal muscle, directed from above and behind rostrad and slightly laterad;
the oral surface of the lip becomes nearly horizontal, and there is formed between its margin
and the temporal ridge a concavity, apposed to the venter of the ocular protuberance and con-
tinued backward, lateral to the masseter muscle, into the surface furrow before mentioned.
It is this feature, dependent upon the small size of the masseter, the non-development of the
cheek, and the consequent rudimentary condition of the vestibulum oris, together with the
absence of a distinet mandibular ramus, which is largely responsible for the curiously sauropsid
expression of the cetacean feetus.
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The lower lip is marked sagittally by a minute furrow. Beginning as an unpigmented line
at the symphysis it runs in the intermediate region rather nearer the base than the margin of
the lip, here forming the oral limit of the pigment-streak. On reaching the temporal ridge the
furrow turns on its mesal surface, eventually ascending slightly to be lost in a depression which
corresponds to the orbital triangle of other mammals. Obviously in the post-temporal segment
the furrow has ceased to have the significance of a labial or dento-labial sulcus, and it is evident
that here an independent element has become secondarily continuous with that furrow.

The labial sulci diverge for about three fourths of their length and then converge more
rapidly. They thus describe curves of lateral convexity and are farthest apart immediately
in front of the eyes. In the caudal segment of their course they sweep mesad to the ridge of the
temporal muscle and end in a fossa of the roof of the mouth mesal to this muscle and ventral
to the orbit (orbital triangle). Lateral to the dental sulci are the low ridges which form the
upper lips. These broaden caudad and in the ocular region merge with the convexities which
correspond to the under-surface of the eye, and form the roof or upper boundary of the subocular
extension of the oral cavity.

Naso-vomerine organ.— At the tip of the rostrum, between the extremities of the dento-
labial sulei is situated a small tripartite elevation. It is separated from the surface of the ros-
trum by the terminal portions of these sulei, and from the palate by a small transverse furrow
continuous with the dento-labial. “ In the median line, the middle
lobe of the elevation forms a bridge between the rostral surface and
the palate interrupting the sulei, or at least reducing their depth.
This portion is triangular with the base caudad. To its sides are
attached the lateral lobes, which are reniform, with their concavi-
, ties mesad. Lateral to them the dento-labial sulci are deepened to
MWWMW little blind pits. They thus are very similar to the structures
described and figured by Weber,! and by him interpreted as the
rudiments of Steno’s ducts. In the slightly older feetuses of
Balenoptera and of Megaptera, which I have examined, the bounding sulci diminish, the lateral
lobes merge into the general relief of the rostrum, and the little pits deepen somewhat, changes
which seem to lead up to the conditions described by Lillie.?

The flipper.— The flipper attains its greatest thickness close to the preaxial border and
maintains it for about two thirds of its breadth, the postaxial third being reduced to a thin
plate. It is slightly narrowed at its emersion from the integumentary covering of the trunk,
immediately distad of the olecranon. From this point it gradually expands for two thirds of
its length and then more rapidly tapers to its pointed extremity chiefly at the expense of its
postaxial portion. The preaxial border is not quite straight but has an anterior convexity in
its third quarter, beyond which the outline has three slight projections corresponding to the
interphalangeal joints of digit II. The postaxial border is convex caudad in its proximal two
thirds. Its distal third is rectilinear save for a shallow concavity close to the extremity, which
gives the tip of the flipper a faintly hooked contour.

Fig. 3. Naso-vomerine organ.

1 Weber, M. Studien iiber Sdugethiere. Leipzig, 1885, page 145 and pl. iv, figs. 22-24. Cf. also Kiickenthal, Denkschr Med .-
Nat. Gesells. Jena, 1889.

2 Lillie, D. G. Observations on the Anatomy and General Biology of some members of the larger Cetacea. P. Z. S., 1910, p. 784
and text fig. 75. See also Burfield, S. T. Belmullet Whaling Station. Rep. Bri. Ass. Adv. Sci., Dundee, 1912.
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The hump.— The hump is triangular with rounded apex. Its longest side is attached,
the intermediate is rostral, the shortest caudal. It is not falciform. Its caudal end is nearly
opposite _the vulva, distinctly in front of the anus. Guldberg states that the posterior
extremity is opposite the anus, but his measurements (vide ante) indicate that it is somewhat in
advance of the latter.

The flukes.— The flukes are strongly rolled on themselves ventrad. The ridges of the.
pedicle are prolonged between them to the notch, which is deep and narrow.

The vulva.— The vulva presents a prominent conical clitoris which overhangs the vestibule.
This is bounded at the sides by low ridges, the labia majora. Caudad the vestibule rises gradu-
ally to the level of the perineum, here presenting three short furrows, a median sagittal, and two
lateral diverging with slight mesal convexity. On either side are the slits of the mammary
pockets each about 2 mm. in length. There was no asymmetry of the external genitalia.

The anus.— The anus is slightly elongated sagittally separated by a convexity from the
vulva. The region about it is but slightly elevated above the general relief of the adjacent
surface.

MyYoOLOGY.
(Plates LXIIT-LXVIII.)

The chief source for the myology of the Mystacoceti is the study by Carte and MacAlister?
of Balenoptera rostrata (= acuto-rostrata) published in 1869. Since that time the musculature
of the suborder has not again been investigated as a whole, and the list of authors dealing with
it at all is surprisingly small in comparison with those that have directed their attention to the
toothed whales. No doubt the accessibility and the smaller size of many members of the latter
suborder is largely accountable for this. As it is, Perrin ? has partially reexamined B. acuto-
rostrata, and has reported his findings briefly in the form of addenda et corrigenda to the work
of Carte and MacAlister. Beauregard ® has described in much detail the masseter and temporal
muscle of B. Sibaldit (= musculus) and B. musculus (= physalus) and there are further the impor-
tant studies of Weber * upon the ocular muscles and of Dubois® upon those of the larynx. The
fine work of Struthers ¢ upon the intrinsic muscles of the flipper, and upon those of the pelvis
about exhausts the list. ' In these circumstances I have found it necessary to refer to the more
abundant literature of the Odontoceti on many occasions, but it is needless to say I have at-
tempted no general consideration of the comparative myology of the two suborders, nor do I
conceive that this could profitably be undertaken on the basis of our present scanty knowledge
of this subject in the Mystacoceti.

1 Carte, A., and MacAlister, A. On the anatomy of Balenoptera rostrata. Phil. Trans. Roy. Soc. London, Vol. 158, p. 201.

2 Perrin, J. B. Notes on the anatomy of Bal@noptera rostrata. P. Z. S., 1870, p. 805.

s Beauregard, H. Etude de Particulation temporo-maxillaire chez les Balenoptéres. Jour. de I’Anat. et de la Phys., An. XVIII,
1882, p. 16. .

4 Weber, Max. Studien iiber Siugethiere, Jena, 1886, p. 119.

5 Dubois, E. Idem., p. 93.

¢ Struthers, J. On some points in the anatomy of a great finwhale (Balenoptera musculus). Jour. Anat. and Phys., Vol. VI, 1871,
p. 107. Account of rudimentary finger muscles found in the Greenland right whale (Balena mysticetus). Jour. Anat. and Phys., Vol.
XI1I, 1878, p. 217. On the bones, articulations, and muscles of the rudimentary hind limb of the Greenland right whale (Balena mysti-
cetus). Jour. Anat. and Phys., Vol. XV, 1881, p. 141 and p. 301. Nature, Vol. IV, 1884, p. 342, contains in the proceedings of the
Biol. Sect. A. A. A. a paragraph to the effect that rudimentary finger muscles are present in Megaptera longimana.
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Panniculus carnosus.— The cutaneous musculature is highly developed, forming an unin-
terrupted layer upon the sides and venter of the trunk from the occiput to the beginning of
the pedicle and being continued beyond this point by a firm aponeurosis which completely invests
the tail. It adheres firmly to the derma, beneath which little or no fat has as yet formed, but
is in general separated from underlying structures by a moderate quantity of loose areolar tissue.
In the region of the ventral pouch however, it is intimately conjoined with the deeper layers
by firm connective tissue, and the whole complex is separated from underlying structures by a
great area of very loose tissue, the cavum ventrale.

As a whole the panniculus falls into two divisions, one dorsal and the other ventral, the
two united by a lateral raphé as far cephalad as the flipper, in front of which they overlap, the
fasciculi of the dorsal division passing superficially to those of the ventral. This raphé extends
from the axilla to beyond the vent, inclining toward the mid ventral line as it passes caudad.
Its axillary extremity is attached to the humerus in union with the insertions of the latissimus
dorsi and pectoralis muscles, which insert also into the proximal portion of the raphé. At its
beginning linear and permitting a slight degree of interdigitation on the part of the inserting
fasciculi, it gradually widens into a broad band which merges behind the vent into the apo- -
neurosis of the pedicle.

The dorsal division arises from a broad aponeurosis which covers the dorsal muscles and
in the midline is connected to the spines of the vertebre by a vertical lamella which intervenes
between the muscle masses of the two sides. Its fasciculi are directed ventrad and cephalad,
inserting into the lateral raphé, the dorsal aspect of the aponeurosis of the flipper, and in
front of this passing as a thin sheet of scattered fasciculi ventrad across the side of the neck to
the intermandibular region, where they sweep rostrad almost to the symphysis. Some of them
reach the midline and there interdigitate with the bundles of their antimere; the majority do
not extend so far but find scattered insertions into the derma along the side of the ventral pouch.
The dorsal division extends sagittally from the occiput to near the middle of the pedicle; here

-it rapidly narrows, the bundles arising at an increasing distance from the dorsal midline but
maintaining their regular arrangement and constituting a continuous sheet throughout.

The ventral division arises from the ventral midline, its fasciculi showing a tendency to
interdigitate with those of the opposite side. To some extent they are separated by a line of
fibrous tissue which blends with their deep epimysium but is not firmly connected with the

‘linea alba. At the umbilicus the muscles of the two sides separate to give passage to the cord.
Here there is a considerable increase in the quantity of connective tissue, both of the pannicular
layer and more especially in the linea alba. The panniculus has a well defined edge and none of
its fasciculi are prolonged upon the cord. Sagittally the ventral division extends from the sym-
physis mandibularum a short distance beyond the vent. Its fasciculi have a rostro-lateral or
dorsal direction and form a continuous sheet. This is very thin in the intermandibular region
and very firmly united with the overlying scattered fasciculi of the dorsal division and on its
deep surface with the mylohyoid, from both of which it is distinguished by the direction of its
bundles. These layers together with a deeper stratum of longitudinal direction constitute
the muscular wall of the ventral pouch and form a well defined complex, which is only with great
difficulty resolved by dissection into its component elements. The fasciculi of the ventral
panniculus can be followed in part to the lips and some of them reach the mandible in front
of the insertion of the masseter, but many of them terminate within the intermandibular region
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PLATE XLIII.
Balenoptera borealts.

Fig. 1. Superficial dissection exposing panniculus carnosus. £ natural size.
Fig. 2. Musculature of ventral pouch. Ventral division of panniculus has been reflected. £ natural size.

Ventral division of panniculus. 5. Longitudinal muscle of ventral pouch.
Dorsal division of panniculus. 6. M. sternomandibularis.
Lateral raphé. 7. M. pectoralis.

M. mylohyoideus.
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on the surface of the mylohyoid muscle, presumably by means of a fibrous inscription but the
precise details of their insertion I could not determine in this feetus. Carte and MacAlister
describe a peculiar fibrous structure in connection with the mylohyoid and as their description
is somewhat obscure to me I give it literally: ‘“Occupying the inferior or superficial part of
the interspace between the rami of the lower jaw in the anterior part of the middle line was
a condensed fibrous expansion, which extended forwards as far as the symphysis, and was bifur-
cated posteriorly at the middle point of the lower jaw, giving attachment to the following muscle
(mylohyoid).” In a feetus of Megaptera versabilis of Mr. Andrews’s collection which I dissected-
with a view of gaining a better understanding of the musculature of the ventral pouch, a fibrous
structure somewhat resembling the foregoing was present. In the midline immediately behind
the symphysis mandibularum a sagittal ridge projects from the surface of the skin with a length
of something over 1.5 cm. This is caused by a local thickening of the derma. Caudad its sur-
face relief ends abruptly, but on dissection it is found to be prolonged by two fibrous strands
on the surface of the mylohyoid, parallel to and at a distance of about 1 ecm. from the lower
margins of the mandibles, extending for somewhat more than a third of the length of the jaw.
The whole tendinous structure has then the shape of a Y, the stem at the symphysis and the
arms stretching caudad roughly parallel to the mandibular rami. It thus would have a general
resemblance to the structure described by Carte and MacAlister, if they could be understood as
meaning that it terminates, not bifurcates, opposite the middle of the ramus. That this was
their intention is, I think, probable from their description of the mylohyoid muscle, of which
only the anterior portion is given as arising from the fibrous structure, the remainder having the
usual origin from the mandible. It remains to question whether this fibrous structure actually
replaces the mandible in part as the origin of the mylohyoid or serves some other purpose. In
the foetus of B. borealis I thought I could follow the mylohyoid to the jaw in its whole length.
In that of Megaptera this was certainly the case, and the fibrous arcade received only fasciculi
of the ventral panniculus, which were thus attached to the ectal surface of the mylohyoid by a
tendinous inscription. The contraction of this part of the panniculus would therefore seem to
serve to deepen the oral cavity by pulling down the floor of the alveolingual region. Not all
of the fasciculi of the ventral panniculus had this insertion, however, for some were prolonged
beyond the inscription and passing over the border of the mandible were lost in the substance
of the lower lip. o

Caudal to the intermandibular region the ventral panniculus ascends upon the sterno-
mandibularis under cover of the overlying fasciculi of the dorsal panniculus. Its fasciculi are
inserted into the caudal portion of the lower lip and into the derma of the subocular furrow
that prolongs the vestible, and more caudally still reach the malar bone and the zygomatic
process of the squamosal. In the pectoral region they cross the axilla to reach the ventral
aponeurosis of the flipper, here joining the pectoralis, and caudal to the flipper they reach the
lateral raphé which unites them to the dorsal division.

The innervation of the panniculus carnosus falls into two districts. Behind and at the
shoulder it is supplied by a pannicular or lateral thoracic nerve, the lateral cutaneous of English
authors,' which runs caudad beneath the lateral raphé distributing branches to both the dorsal

1 Wilson, J. T. The innervation of axillary muscular arches in man, with remarks on their homology. Jour. Anat. and Phys.,
Vol. XXII, 1888. Further observations on the innervation of axillary muscles in man. Jour. Anat. and Phys., Vol. XXIV, 1889.
Birmingham, A. Homology and innervation of the Achselbogen and Pectoralis quartus and the nature of the lateral cutaneous nerve
of the thorax. Jour. Anat. and Phys., Vol. XXIII, 1889.
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and ventral divisions. In the neck and intermandibular regions the nerve supply is derived
from several branches of the facial which have a general ventro-rostral direction on the deep
surface of the muscle. One of larger size emerging at the anterior border of the depressor man-
dibule crosses the masseter and is continued rostrad parallel to the lower margin of the mandible
in a position which might lead to its confusion with the mylohyoid nerve.

This description of the panniculus differs materially from the observations of Carte and
MacAlister upon a specimen of Bal@noptera acuto-rostrata. They report a platysma myoides

- which “could be seen only in the median line,” and found that the ‘portion of the neck external
to the inner margin of the sternomastoid had no superficial muscular investment.” On the
other hand Stannius ! describes in Phocena a panniculus with dorsal and ventral divisions sepa-
rated by a lateral raphé and except in the intermandibular region and in its more intimate rela-
tions to the pectoralis closely resembling the superficial musculature of this feetus of B. borealss.
A panniculus of the Phocena type is also present in feetuses of Tursiops truncatus, and Murie *
has described one of extensive but modified development in Globiocephalus. The conclusion
would therefore seem warranted that the panniculus is extensive and highly developed in the
Cetacea (Leche),’ and that Balenoptera is not an exception to the rule, but in correlation with
its throat furrows possess this muscle in a highly developed form. The persistence of the sub-
cutaneous musculature in these well-nigh hairless forms can not wholly be ascribed to its inser-
tion upon the flipper, but would seem to stand in relation to the maintenance of pressure upon
the contents of the abdominal and thoracic cavities as the animal rises to the surface; in accord
with this view is the confinement of muscular fasciculi to the ventral and lateral regions of the
trunk and their replacement by aponeurosis over the massive dorsal muscles and upon the
pedicle.

Cavum ventrale— This is an extensive area of very delicate areolar tissue which gives way
almost without dissection. It reaches from the intermandibular region to within a short dis-
tance of the umbilicus. . Ventrally it is closed by the muscle complex of the ventral pouch,
which is reinforced on the side turned towards the cavum by a strong and moderately thick
aponeurosis. At the sides its boundaries are formed by the sternomandibularis and their invest-
ing fascia. The dorsal limit is given by a dense and thick aponeurosis which covers the supra-
and infrahyoid musecles and from its position corresponds to the usual deep fascia of the neck.
Over the pectoralis and external oblique it becomes thinner, and as it approaches the umbilicus
it fuses with the aponeurosis of the pouch muscles and so closes the cavum caudally. Rostrad
the space does not extend quite to the symphysis and bodies of the mandibles, but is brought to
an end inside their arch by the approximation of the pouch muscles to the genioglossus.

The musculature of the ventral pouch.— In addition to the panniculus this comprises the
mylohyoid and a longitudinal stratum of cervico-hypoglossal innervation. The muscles are
in the form of thin sheets very firmly united by connective tissue. Their general arrangement
in cross section is shown in the accompanying photomicrograph (Text-fig. 4). Ectally are
scattered bundles of the dorsal panniculus, obviously here equivalent to the platysma myoides.
These are followed by the more abundant fasciculi of the ventral division, cut nearly at right
angles. The mylohyoid forms the third layer and is very tenuous. Entally are the larger
bundles of the longitudinal layer which is thicker than any of the others.

1 Beschreibung der Muskeln des Timmlers (Delphinus phocena). Miiller’s Arch., Jahrg. 1849.
2 On the Organization of the Caaing Whale, Globiocephalus melas. Trans. Zool. Soc. London, Vol. VIII, 1874.
3 Braun’s Klassen und Ordungen des Thier-Reichs; Saugethiere, Bd. I, p. 669.
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The mylohyoid arises in the usual manner from the oral surface of the mandible along a
line which ascends somewhat on the bone in the direction of the ramus. Its fasciculi are directed
to the median line with an inclination rostrad to unite with their
antimere by means of a poorly developed raphé which permits
of some interdigitation, the two halves of the muscle being dis-
tinguished more by the inclination of their bundles than by the
amount of connective tissue interposed. The innervation is by
the usual mylohyoid branches of the inferior maxillary nerve,
which also supplies the anterior belly of the digastric and is placed
upon the ectal surface of the muscle close to the mandible.
There was no attachment either of the raphé or of the mylohyoid
to the body of the hyoid, from which the muscle is separated by
the longitudinal layer already referred to as the deepest stratum
of the pouch. In the post mortem distension of the ventral
pouch by gases, the caudal border of the mylohyoid produces a
transverse furrow sometimes of considerable depth as is shown
in Turner’s illustration,' and particularly well in Andrews’ photo-

graph (uIIPUbliShed) . Flg 4. Photomicrograph of coronal

The longitudinal muscle of the pouch extends from its caudal ;Zc‘f;‘l’l“ Of’ “]for’:;isc(}f:i;f’;hsf ";;‘ﬁ:}
limit in front of the umbilicus to the mandibular arch. It arises culus carnosus (¢f. Pl. XLIII, fig. 1).
. . . o . . . 2, Ventral division of same. 3, Mylo-
in successive sheets, so that as a whole it is of a laminated struc- 04 4, Longitudinal stratum.
ture, from the deep surface of the intermuscular septum between ‘
it and the ventral panniculus. The layers of thoracic origin are superficial to those beginning
farther caudad. On reaching the mylohyoid it passes upon its dorsal or oral surface and is
attached to the mandibles immediately dorsal to the insertion of that muscle. As it approaches
the jaw it becomes firmly united with the genioglossus to an extent approximately corresponding'
to the floor of the alveolingual region, in this detail differing from conditions observed in
Megaptera, where it is easily separable from that muscle. The union in Balenoptera is by con-
nective tissue only; I could find no exchange of fasciculi. As the longitudinal layer passes the
sternomandibularis in the neck it receives in its lateral portion a contribution of bundles from
that muscle, a condition which is more marked in Megaptera. The relation of the two muscles
is further shown by their innervation from the hypoglossal after it has received the communica-
tion of the cervical nerves, the longitudinal muscle receiving a large branch which ramifies on its
ental surface. '

Carte and MacAlister describe a mylohyoid of loose structure, ‘composed of fine muscular -
fibres and areolar tissue permeated by numerous blood vessels”’; the fibres in the midline inter-
lace with those of its fellow; no mention is made of an origin from the body of the hyoid, which
as their description is detailed, it may be taken that the muscle did not possess. In the matter
of structure, the musecles of this region, though thin, were far more compact in this foetus than
in their specimen. As in the feetus of Megaptera the fasciculi were less coherent and in their
interstices delicate areolar tissue was more abundant, it would seem that an increasing invasion

1 Turner, Wm. An account of the Great Finner Whale (Bal@noptera Sibaldii) stranded at Longniddry. Part I. The Soft Parts.
Trans. Roy. Soc. Edinburgh, Vol. XXVI, 1872, plate v, fig. 1.
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of the muscles by connective tissue takes place during feetal life. Carte and MacAlister’s
description concludes as follows: '

“The inferior or posterior fibres of this muscle ran downwards as far as the lower part of
the pouch, and some of them were traceable backwards in the median line, forming a sort of
subcutaneous muscular expansion on the anterior surface of the abdomen; this, however, did
not expand laterally in the cervical region, and hence that part of the neck external to the inner
margin of the sterno-mastoid muscle had no superficial muscular investment.”

They would thus seem to have considered the longitudinal layer an extension of the mylo-
hyoid, which is probably to be attributed to the ‘“dartoid character” of the muscle in their
- specimen and its infiltration with fat making an exact discrimination impossible. The nerve
supply would have cleared up the condition, but this they do not seem to have ascertained.

The redundancy of the musculo-cutaneous complex of the ventral pouch in reference to
" the deeper structures is a striking peculiarity of this feetus as contrasted with those of the
toothed whales. While as yet no furrows have appeared, we are evidently dealing with their
antecedent developmental condition. ‘

It is to be noted that the extent of the pouch far exceeds the limits of the intermandibular
region and is patently in excess of the demands for space incident to the distensibility of the
oral cavity, so that Kiickenthal’s reference of the throat furrows to this cause alone would not
seem to afford an adequate explanation of their presence on the thorax and abdomen. Andrews !
has suggested that originating in the intermandibular region their caudal extension has taken
place in correlation with the increased expansion of the thorax incident to the large size of the
lungs and the reduction of the sternal fixation of the ribs in the Bal®nopterin®, an explana-
tion which has the advantage of including a larger number of facts and which accords with
the structure and extent of the integumentary complex. The difficulty that meets us here is
to find grounds for attributing to the ribs under the action of the inspiratory muscles in life’
an excursion of such degree as to require and utilize a redundancy of the integuments. Miiller ®
has thought that the increased freedom of the ribs in Mystacoceti stood in relation to a lessened
degree of diaphragmatic respiration as contrasted with the Odontoceti. In favor of this he
finds the greater size of the inspiratory muscles in the former and the diminishing develop-
ment of the diaphragm in their older feetuses, in one of which he found a centrum tendineum.
But granted that such a distinction can be established between the two suborders, it is still
to be shown that it can become quantitatively so great in the rorquals as to require an ampli-
fication of the integuments, and it is also a question whether in them the type of respiration is
not still predominantly abdominal even though it be so in less degree than in the toothed whales.
Hasse? has presented much evidence to show that the direction of the respiratory movements
‘of the several parts of the thorax accords with the direction of the corresponding bronchi, and
that the degree of the movement is proportional to the diameter of the bronchus. With this
in mind the pattern of the bronchial tree of B. musculus, as given by Miiller (cf. op. cit. Fig. 39)
would seem by the inclination of its secondary branches to indicate an abdominal type of respira-

1 Andrews, R. C. Monographs of the Pacific Cetacea, I. The California Gray Whale (Rhachianéctes glaucus Cope). Mem. Am.

Mus. Nat. Hist., N. S., Vol. I, Pt. V. New York, 1914.
2 Miiller, O. Untersuchungen iiber die Veriénderungen, welche die Respirationsorgane der Siugetiere durch Anpassung an das

Leben in Wasser erlitten haben. Jenaish. Zeitsch. f. Naturwiss., Bd. 32, 1898.
3 Hasse, C. Die Formen des menschlichen Korpers und die Forméinderungen desselben bei der Atmung. Jena, 1888-1890. Be-
merkungen iiber den Bau der Lungen und iiber die Form des Bruskorbes bei dem Menschen und bei den Saugetieren. Arch. f. Anat.

und Phys., 1893.



SCHULTE, SEI WHALE. 409

tion. Yet in strictness as this is a feetal lung, this could be considered indicative only of the
primitive type of breathing of the species and not absolutely of its adult condition which might
be adaptively modified. What the adult condition is, both in respect to respiration and to
bronchial type is unfortunately not known in such detailed exactitude as is required by this
kind of a problem. In this connection a suggestion made by Dr. John C. Vaughan of this
department is not without interest and with his permission I state it. When the animal has
filled its lungs at the surface and then dives, its thorax and diaphragm are in the position of
full inspiration. The position of the diaphragm during submergence is of course a matter of
conjecture. But on the assumption that it does not maintain its contraction, it is evident
that the pressure of the water upon the abdomen would force the relaxed muscle rostrad in the
thorax, and that this would necessitate a redistribution of the air in the lungs entailing a passive
movement of the ribs beyond their position in full inspiration. As with the exception of the
first, the ribs are free of sternal connections it is conceivable that their ventral extremities might
be displaced laterad to a marked degree, even so far as to take up the slack in the ventral pouch,
which in this feetus is by no means so baggy over the thorax and abdomen as in the intermandi-
bular region. It would seem therefore that Andrews’s association of the ventral furrows on
thorax and abdomen with respiratory movements has much in its favor and that its plausibility
is increased by Vaughan’s suggestion of passive distention following a hypothetical relaxation
of the diaphragm.

Sterno-mandibularis and associated muscles.— The side of the neck is occupied by a very
large muscle mass of complex arrangement which extends from the thorax to the mandible and
to the postglenoid region of the cranium, its fasciculi having an obliquely dorso-rostral direc-
tion. This muscle which for want of a better name may be called sterno-mandibularis, lies
under cover of the panniculus carnosus; its dorsal margin is in apposition with the mastohu-
meralis and trapezius; mesad it enters into the boundary of the cavum ventrale and by its deep
surface conceals the sterno-mastoid and farther rostrad overlies the caudal portion of the mylo-
hoid .near the origin of the latter muscle. From its mesal border fasciculi are added to the
longitudinal stratum of the ventral pouch, in this as in its nerve supply revealing its provenience
from the cervico-hypoglossal musculature. It is not however a modified and extended sterno-
hyodeus, for that muscle is present with its usual attachments; it should rather be considered
a cleavage product of the infrahyoid group, resulting in the formation of a superficial stratum
which has attained enormous size and acquired extensive new origins and insertions. At its
origin it is obscurely divided into two heads, partially separated by the rostral border of the
pectoralis. The mesal fasciculi arise from the aponeurosis covering the pectoral muscle and
on their deep surface receive additional bundles from a narrow strip of sternum between the
origins of the pectoralis and sternomastoid. The lateral fasciculi arise from the rostral margin
of the first rib near its sternal extremity, here being continuous with the deep origin of the mesal
head, further from the fascia of the posterior triangle of the neck, from the sheath of the sterno-
mastoid and mesal to this from the sheath of the sterno-hyoid. From this extensive origin
the fasciculi are directed dorsad and rostrad, spreading out to form a thick fan shaped sheet
which splits into two layers to give passage to the facial nerve. Of the superficial stratum the
most mesal fasciculi are continuous with the longitudinal stratum of the ventral pouch. The
next pass over the lower border of the mandible join the panniculus and are inserted into the
lower lip, into the floor of the furrow which prolongs the vestibule below the eye, while the most
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dorsal gain'an insertion into the postglenoid process of the squamosal and the fibrous struc-
tures adjacent to the temporo-maxillary articulation. The deeper stratum has interesting
relations. Its dorsal fasciculi terminate in an intermuscular septum which attaches them to
the posterior belly of the digastric in almost its whole length. Its ventral fasciculi which appar-
ently are separated from the rest of the muscle by a tendinous inscription (this is clearly present
in Megaptera) and are distinguished as well by a more longitudinal course are divided into two
slips. The dorsal of small size, applied to the lateral surface of the posterior belly of the digastric
and united to it by a common septum passes horizontally forward to be inserted into the body
of the mandible below the attachment of the masseter. This slip thus arises from fibrous inserip-
tions, which unite it with both the sterno-mandibularis and the depressor mandibule (posterior
belly of the digastric). It is of larger size and of better definition in a foetus of Megaptera longi-
mana and there I was able to demonstrate its innervation from the mylohyoid branch of the
fiftth. It is therefore to be interpreted as the anterior belly of the digastric. The remaining
slip, of considerably larger size in Balenoptera, is directed rostrad parallel to the foregoing and,
in part overlapping it, is lost in the dense fibrous tissue between the mylohyoid and panniculus.
This slip was small in Megaptera. In both feetuses it was innervated by a branch of the seventh
nerve. In both forms there was a general correspondence in the make up of this muscle com-
plex, and I have relied upon the data obtained from the Megaptera fetus for confirmation of the
findings in the smaller and in this region less well preserved Balenoptera. The chief differences
in the arrangement in the two forms lies in the development of a muscle-free interval in Megap-
tera between the mandibular and postglenoid divisions of the muscle. Here a triangular apo-
neurosis is present and is continued superficial to the anterior belly of the digastric and the
facialis slip. I am quite sure that muscle fasciculi were present in this position in B. borealis,
though infiltrated with fat, the precise distribution of which I could not determine. It would.
seem therefore that the mandibular insertion in Megaptera defaults, the superficial stratum here
being replaced by fascia. The muscle would seem therefore to consist essentially of fasciculi
of thoracic and mesal origin directed to the mandible and the region adjacent to the temporo-
maxillary articulation. This system of fasciculi is innervated by the hypoglossal after its com-
munication with the cervical nerves, several small branches entering at the lateral border of
" the sterno-hyoid and others being derived from the large division of that nerve which runs over
its ental surface. To this, on its deep surface, slips of quintal and facial innervation have
gained attachment; the former attached also to the depressor mandibule constitutes the ante-
rior belly of the digastric.

Muscles of mastication.— The masseter is composed of two layers which are completely
separate, the superficial small, triangular and very oblique in position, the deep quadrilateral,
of large size and intersecting the superficial portion, by which it is deeply grooved, almost at
"right angles. In recognizing but two layers I am in agreement with Carte and MacAlister;
the middle division of Beauregard’s! careful description of B. musculus seems here to form an
intrinsic part of the deep stratum. The superficial portion arises by a small flattened tendon
from the orbital aponeurosis, just mesal to the zygoma at the junction of its middle and caudal
thirds. Here it is continuous with strong band-like thickenings of the aponeurosis, which col-
lectively form a sagittal arch of tendinous structure and ventral convexity. Its caudal arm is

1 Beauregard, H. Etude de I’Articulation temporo-maxillaire chez les Balmnopteres. Jour. de I’Anat. et de la Phys., An. 18,
1882, p. 16.
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Balenoptera borealis.

Fig. 1. Dissectioh of musculature of ventral pouch and the sterno-mandibularis. £ natural size. .
Fig. 2. Superficial muscles of face, hyoid musculature, muscles of flipper, of neck and of intermandibular region.
The panniculus carnosus and the muscles of the ventral pouch have been removed. 2 natural size.
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attached to the squamosal at its junction with the zygoma. Its rostral prolongation divides
into three slightly diverging strands, of which the lateral reaches the zygema in its rostral third,
the middle is attached to the junction of the zygoma with the maxilla, and the mesal inserts
upon the orbital border of the maxilla. Beauregard describes this tendinous complex as being
placed ventral to the orbital aponeurosis, but in this specimen it seemed to be incorporated in
it and capable of pulling it ventrad on the contraction of the muscle. From the tendon the mus-
cular fasciculi diverge fan-wise, having a general ventro-caudal direction and forming a belly
large in proportion to the tendon. They are inserted into the lateral surface of the mandible
between the deep portion of the masseter and the depressor mandibulz, the latter preventing
them from extending to the border of the body or of the ramus except at the extreme caudal
angle of this insertion. From its size and position this portion of the masseter would seem to
find its chief function as a tensor of the orbital aponeurosis. The orbit on its ventral aspect
bulges into the roof of the vestibulum oris, and the protection to its contents, attained by keeping
the aponeurosis taut, may serve as compensation for the deficiency of its osseous encasement.

The deep portion of the masseter can be resolved into two parts. The rostral arises from
the junction of zygoma and squamosal, from the postorbital process of the squamosal and from
the tendon of the dorsal muscles which is there attached. Its fasciculi are directed ventrad and
rostrad and are inserted into the lateral surface of the mandible, from the concavity at the side
of the coronoid.process to the border of the mandible rostral to the superficial portion of the
masseter. The fasciculi of more rostral insertion correspond in position to the intermediate
layer of Beauregard, but I could not follow them to a tendon or to an origin distinct from the
remainder of the layer. The caudal portion of the deep layer arises from the tendon of the
dorsal muscles and from the middle root of the zygomatic process of the squamosal, and is
inserted into the margin of the sigmoid notch and adjacent lateral surface of the mandible.
It has a triangular form with the base at the origin, and is in part under cover of the rostral
portion of the deep layer, from which it can not be wholly separated, as the two portions exchange
fasciculi to a considerable degree; these pass chiefly from the origin of the caudal to the belly
of the rostral portion.

The temporal muscle is the largest of the quintal muscles but, as is usual in young animals,
fails to fill the temporal fossa, occupying with its rather thin sheet of bundles only the lower
and deeper portion of the fossa and being covered by a thick and compact layer of fat. The
limit of its origin is an arched line coinciding rostrad with the anterior temporal ridge and then
falling off obliquely to the mastoid region. The fasciculi converge upon a tendon, which appears
at the rostral border of the muscle and is inserted into the summit and rostral border of the
coronoid process. Many of the caudal fasciculi continue to the mandible and are inserted
fleshy into both surfaces, chiefly the ental, and into the caudal margin of the process.

The internal pterygoid is of moderate size. It arises from the caudal margin of the
palate and the adjacent surface of the internal pterygoid plate. It is directed as a flat
band laterad and caudad towards the mandible; here assuming a more sagittal direction it
passes between the mandible and the auditory bulla, to the fibrous covering of which it adheres
firmly and from which it receives an increment to its bundles. It now broadens into a thin
sheet and turning laterad it is inserted into the mesal surface of the mandible in a depression
between Meckel’s cartilage and the angular process, into the angular process itself and the caudal
margin of the ramus, and behind this into the dense fibrous tissue surrounding the temporo-
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maxillary fibro-cartilage. From its caudal margin a fasciculus of considerable relative size
diverges at an angle and becoming tendinous is inserted into the dense fibrous tissue which
invests the auditory bulla, on its ventro-lateral aspect extending as far as the base of the styloid
process. |

The external pterygoid is placed at the lateral margin and partly under cover of the fore-
going. It is a small cylindrical muscle arising from the junction of external and internal
pterygoid plates, and is directed caudad, laterad and slightly ventrad to its insertion upon the
front of the temporo-maxillary fibro-cartilage.

Carte and MacAlister describe a single pterygoid, which ‘“was inserted into the lower jaw
near its angle, sending some of its posterior fibers to be inserted into the interarticular fibro-
cartilage.” This they regard as an external pterygoid. It is p‘referable,‘ however, to regard
such single pterygoids as having failed to differentiate into internal and external portions.
Certainly the majority of the bundles in their description of B. acuto-rostrata have the in-
sertion of the internus. Beauregard in B. stbaldit (=B. musculus) mentions, but does not
describe, two pterygoids crossing the temporal tendon at an acute angle. In Phocena (Rapp,
Stannius) both pterygoids are present, and the internus extends upon the auditory bulla.

Facial Muscles— The forehead is covered by a broad thin sheet of muscle which arises
from the epicranial aponeurosis. The fasciculi have a longitudinal course and extend upon the
rostrum. Here the deep fasciculi turn ventrad and are inserted into a rough area upon the
maxilla which extends transversely across that bone and is bounded in front by a high sharp
ridge. Of the superficial fasciculi the mesal are inserted into the lateral margin of the nostril
in its whole length, a few reaching the midline of the rostrum just in front of it, while others
taking a somewhat deeper course are attached to the back and mesal wall of the narial passage.
The lateral superficial fasciculi spread out upon the transverse muscle of the rostrum, to some
extent blending with its bundles but in the main lying superficial to them. Caudad the epi-
cranial aponeurosis is attached to the margin of the supraoccipital. In this situation there
seemed also to be muscular fasciculi but I was not able to determine their presence with cer-
tainty. This muscle is apparently better developed than in Carte and MacAlister’s Balenop-
tera and far more so than in Megaptera, where it has no insertion upon the maxillary. In both
it is the most superficial muscle of the region, though Carte and MacAlister assign it to their
second or middle layer. Its function must be to draw the blow holes caudad, though from
its general position it is most conveniently designated occipitofrontalis.

At the lateral margin of the frontalis and in part continuous with it is placed a second muscle
of longitudinal course. This lies upon the supraorbital margin arising from it and from the
adjacent temporal fascia. In front of the orbit its fasciculi turn ventrad, for the most part
to be inserted into the transverse rough area and ridge upon the maxillary lateral to the frontalis.
The more superficial bundles are continued upon the transverse muscle of the rostrum and
inserted into the fibrous tissue of the lip. Owing to the mesal concavity of the supraorbital
margin a portion of this muscle rests against the globe of the eye, ectal to its musculature and
aponeuroses. Its contraction would seem to entail a depression of the eye ventrad. In Megap-
tera it is far smaller, arises only from fascia and is separated from the eye by the prominent
margin of the orbit. Its function here would seem to be that of an elevator of the lip. Carte
and MacAlister describe a muscle of their second plane arising from the anterior edge of the
temporal fossa and from the maxilla and inserting upon the median raphé, the lateral lip of the
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naris and the upper edge of the maxillary bone. As I could find no fasciculi of the supraorbital
muscle having this mesal course, and as there are such bundles in the next deeper layer, it would
seem possible that here they had failed to separate the superimposed muscles satisfactorily.

The dorsum of the rostrum is covered by a muscle composed of fasciculi of transverse gen-
eral direction but converging towards the blow-holes. This muscle is situated immediately
below the blubber except at the base of the rostrum where it is overlapped for a short distance
by the frontalis and the laterally placed supraorbital muscle. It may be resolved into two
layers. The superficial one arises from the septal cartilage of the rostrum and the lateral margin
of the blow-hole. It is inserted into the whole length of the lip and at the tip of the rostrum -
also by a few fasciculi into the extremity of the intermaxillary. The deeper layer has the same
general direction.. It arises from the intermaxillary in its whole length and at its lateral margin
to a slight degree from the maxilla, except at the base of the rostrum where it gains a broad
origin from this bone, arising from the front of the sharp transverse ridge for more than half
its breadth laterad, and mesad extending to the elevation behind the naresin which the frontal
process of the maxilla ends. The fasciculi arising in this last situation would seem to corre-
spond in part to the retractores, in part to the compressores nasi of Carte and MacAlister. The
fasciculi arising most caudally from the maxillary ridge are directed sagitally, those from its
lateral portion mesad and rostrad; they thus converge fan-like towards the rostral extremity
of the blow hole. From their direction it is clear that they dilate the nares, but the sagittal
fasciculi would seem farther to assist the superficial frontalis in elevating the orifice and turning
it caudad during respiration. The remainder of the layer inserts into the raphé its fasciculi
having a generally transverse direction but converging towards the nares. Megaptera shows a
close correspondence save that relatively its muscles are of smaller size.

In addition to the foregoing three smaller muscles act upon each blow-hole. The larg-
est of these, the dilator naris of Carte and MacAlister’s illustration arises from the premaxillary
close to the median line and in the proximal half of its prenarial extent, and from the adjacent
portion of the septal cartilage. It has a sagittal course and inserts into the rostral end and about
half the lateral wall of the narial passage, including the front of its sloping diverticulum. Its
main function must be to draw forward the blow-hole; dilation would seem to be abundantly
provided by the transverse rostral muscle.

At the caudal extremity of the blow-hole is a small fan-shaped muscle superficial to the
frontalis. It arises from the fibrous tissue of the median line and inserts into the extremity of
the nostril and the adjacent portion of its median wall. ‘

The third muscle is placed below and parallel to the oblique lateral sinus of the nasal pas-
sage, from the wall of which it arises and also from the adjacent margin of the premaxillary.
It is directed dorsad and caudad and slightly mesad to the extremity of the blow-hole, where
it inserts by a short tendon, close to the preceding muscle. Its action would be to draw the
caudal end of the nostril ventrad and so perhaps assist in the elevation of its rostral extremity,
the obliquity of its pull being perhaps corrected by the small fan-shaped muscle mesal to the
blow hole. In Megaptera these three muscles have an identical arrangement. '

The collective action of the narial muscles must be considered in connection with the changes
in the blow. holes during respiration. Their condition during this act is admirably shown in
Andrews’s! photograph. Here the blow-hole has a subcircular contour and looks directly

! Plate XXX, Fig. 4.
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caudad, the plane of its orifice being practically vertical. - The blow-hole is then not only dilated
during respiration but its rostral extremity is elevated through an arc of 90°. To permit the
latter movement it is necessary that its wall should be highly elastic or should present some sign
of redundancy when closed, in the form of folds which might open out during elevation of the
region. The Spritzsack, the oblique diverticulum of the lateral wall, would seem to supply the
latter condition, for it is partially opened up by traction upwards on the rostral extremity of
the blow-hole even with the limited degree of movement possible in the alcoholic specimen.
The direction of the fasciculi of the two layers of the transverse rostral muscles justify the
ascription to them of the dilatation of the nares, and in view of the almost total lack of muscular
insertion into the mesal wall of the passage it seems clear that this act is accomplished almost
entirely by the movement of the lateral parietes. As regards the elevation of the rostral extrem-
ity of the blow-hole, the initiation of the act is more difficult of explanation. Once started,
and the front end of the nares slightly elevated, the sagittal fasciculi of the frontalis and caudal
portion of the deep transverse muscle could well serve to complete their erection, but inasmuch
as even in the feetus their origin is but little above the plane of the blow-hole, they would act
at great disadvantage if not absolutely at dead center. The difficulty is to account for the
initial elevation. If some resiliency of the wall may be assumed, and this in view of Andrews’s
observation ! seems warrantable, the action of the oblique muscle below the Spritzsack may
supply the required moment. From its oblique position it must draw the caudal end of the
blow-hole ventrad and laterad. If the narial wall possesses sufficient rigidity to allow this
movement to tilt dorsad the rostral extremity, the preliminary elevation might in this way
be secured. The small muscle extending between the midline and the caudal extremity of each
blow-hole may correct the lateral component in the pull of the oblique muscle. The return of
the nares to the horizontal position is provided by the sagittal premaxillary muscle, and with
this fixing its rostral extremity the mesal fasciculi of the frontalis would serve to effect an
approximation of the lateral to mesal wall of the narial passage, closure being further provided
by the interlocking arrangement of the folds about the Spritzsack, which is such as to secure
their tighter coaptation under the influence of external pressure.

The other facial muscles are poorly developed and of great delicacy in this foetus so that
little more than their presence could be ascertained. The orbicularis palpebrarum was thickest
at the canthi, where it had attachments to the orbital margin. At the inner canthus a tendo
oculi was present. There were no tarsal plates. At the outer canthus a small band of muscular
fibres arising from the postorbital process joined the orbicularis. It seems to correspond to
the malaris externus of Stannius. In the margin of the lips, mingled with fasciculi of the trans-
verse rostral muscle in the case of the upper lip, of the panniculus in the lower, are longitudinal
strands. In the floor of the subocular prolongation of the vestibule these unite to form a small
sheet, which caudad can be traced to the deep surface of the panniculus. I could not follow
it to pharynx. The system would therefore seem representative of the orbicularis oris, the
buccinator being reduced in consequence of the failure to develop a cheek by the advance of
the angulus oris.

Extrinsic muscles of the eye.— These conform so closely to Weber’s ? descriptions that they

require but brief mention here. The four recti with the superior oblique arise from an annulus

1Vide Pt. I, Spouting. 2Weber, M. Studien iiber Siugethiere, II, Jena, 1886. »
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tendineus at the apex of the orbit, which on its ental aspect is associated with the fibrous origin
of the retractor. The four recti broadening towards their insertion, together with the superior
oblique, form a complete muscular cone which is deficient only by a narrow gap between the
oblique and the internal rectus. Elsewhere the border of one muscle is in contact with that
of its neighbor and the whole is held in place by a thin but firm investment of fascia, through
which the obliqui pass to their insertions upon the sclera. Of each of the recti a majority of
the fasciculi pass on into the lids and there expanding find an insertion into the fibrous tissue
on the deep surface of the orbicularis. These extensions to the eyelids, first found by Hunter,
constitute collectively the musculus palpebralis of Weber.

Weber describes exchange of bundles between the recti which I take him to mean of their
palpebral portions, for elsewhere in this foetus the muscles were clearly defined from one another.
The superior rectus was partially divided in both eyes by a longitudinal cleft, so that at first
it appeared as though a discrete levator were present. This was not the case, for both portions
sent bundles to eyelid as well as globe, and the cleft did not extend throughout the length of
the muscle. The inferior oblique arises from the maxilla near its articulation with the zygoma.
It is directed laterad and caudad to the border of the inferior rectus, where it turns on itself,
passing between the deep and superficial fasciculi of the palpebral extension, by which it is main-

-tained in position. Its belly then expands into a broad insertion upon the sclera, which begins
ectal to the mesial half of the inferior rectus and continues obliquely to the level of the ventral
border of the external rectus. All of the peculiarities of this muscle have been minutely
described by Weber. From the deep surface of its sheath a few fibrous strands could be fol-
lowed to the zygoma, which no doubt reinforced the muscular support afforded by the cleft
in the palpebralis. The insertion beginning ectal to the inferior rectus occurs in other cetacea
but is not confined to this order (Weber). In this feetus it is broad and continuous as in B.
Stbbaldii (= B. musculus) and not divided into two slips as in B. rostrata ( = acuto-rostrata).
The superior oblique, like the inferior, is fleshy to its insertion. The belly turns through the
palpebral extension of the superior rectus and is maintained in position in a manner similar’
to the inferior. I could not find a fibrous trochlea, though it is present in adults of the genus
(Weber). .

The musculus retractor oculi (m. choanoides) arises from the ental contour of the annulus
tendineus. Its fibrous tube is deficient on its nasal aspect to give passage to the optic nerve.
From this tube a circular muscle arises, which distad divides into four slips, separated by tri-
angular intervals. Throughout its length it is firmly adherent to the supportive tissue of the
underlying vascular plexus. It is inserted into the sclera near the equator of the globe. It is
innervated by the abducens (Weber).

Muscles of the tongue.— The genioglossus is a broad sheet-like muscle arising from the
ental aspect of the ventral margin of the mandible from the symphysis for about one half of
its length. Its mesal fasciculi pass sagittally caudad, those of more lateral origin obliquely
mesad and caudad. On reaching the mesal margin of the hyoglossus all save the most caudal
fasciculi turn dorsad to be inserted into the dorsum of the tongue. Here between the muscles
of the two sides is a considerable oval interval filled with fat, to the increased development of
which may be due the peculiarly flabby character of the tongue in the adults of this genus. The
most caudal fasciculi unite in a raphé which broadens to a tendinous sheet towards the hyoid
to which it is but loosely attached, the dorsal turn into the substance of the tongue being pre-
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vented at this point by the transverse lingualis bundles accumulated here in the immediate
vicinity of the faucial orifice. Rostrad of the extremity of the fossa between the genioglossi,
the ventral surfaces of these muscles are intimately united to the layers composing the wall’
of the ventral pouch; elsewhere they are in relation to the cavum ventrale. There are no sepa-
rate geniohyoidei.

The hyoglossus is a long cylindrical muscle arising from the ectal surface of the greater
cornu and lateral portion of the body of the hyoid, and continued forward to the tip of the
tongue. Close to its origin it crosses the transverse fasciculi of the lingualis mentioned above.
Immediately rostrad of these its insertion begins, which is into the dorsum of the tongue from
this point to its tip. The hypoglossal nerve lies upon the ventral surface of this muscle at its
origin, here giving off large branches, which are continued into the interval between the hyo-
~glossus and genioglossus and are destined for their supply together with that of the lingualis.
A small slip passes from the deep surface of the hyoglossus to the caudal border of the trans-
verse lingualis band, well laterad at its junction with the palatoglossus. I failed to find the
styloglossus. Carte and MacAlister describe it as of small size, fan-shaped and lateral to the
other muscles, sending its fasciculi into the caudal third of the tongue.

The palatoglossus is of moderate size; arising from the caudal margin of the hard palate,
it is directed ventrad towards the base of the tongue where it continues with the transverse
lingualis. It lies immediately beneath the oral mucous membrane forming a thin transverse
sheet, the most mesal fasciculi apparently inserting into the mucosa about the faucial aperture,
the more lateral passing beside it reach the side of the depression between the base of the
tongue and this aperture and blend with the lingualis, thus forming a sphincter of the fauces.
It shows no tendency to radiate rostrad along the side of the tongue.

The lingualis is of course intimately blended with the other muscles of the tongue.
Towards the base it shows a high degree of independence and can be separated from the other
muscles as far rostrad as the insertion of the hyoglossus. It there presents itself as a transverse
band forming a thick wall to the depression between the fauces and the paired elevations where
the tongue begins to rise above the floor of the mouth. Mesad its more superficial fasciculi
arise from the deep surface of the aponeurotic expansion of the raphé between the genio-hyoidei.
Its caudal portion is continuous with the palatoglossus and is joined by the slip above men-
tioned from the deep surface of the hyoglossus. The remainder inserts into the mucous mem-
brane of the side and dorsum of the tongue, the most rostral fasciculi inclining forwards beside
the hyoglossus.

Infrahyoid muscles.— The sterno-hyoid muscle is a flat band of longitudinal fasciculi aris-
ing from the rostral border of the sternum under cover of the sterno-mastoid, and contracting
slightly as it is inserted into the caudal border of the body of the hyoid close to the median
line. Its mesal borderis in contact with that of its antimere. The sterno-mandibularis overlies
its latero-caudal portion where it emerges from beneath the sterno-mastoid and derives some
fasciculi fromrits sheath. The sterno-thyroid, covered by the sterno-hyoid, arises from the mar-
gin and ental surface of the sternum, and diverging laterad is inserted into the ectal surface of
the thyroid cartilage close to its caudal margin. The thyro-hyoid is a small muscle of obliquely
transverse position. It arises from the thyroid near its rostral margin, and narrowing has a small
insertion upon the caudal margin of the hyoid close to the midline under cover of the sterno-hyoid.
The omo-hyoid has but a single belly. It arises from the rostral margin of the scapula near its



SCHULTE, SEI WHALE. ' 117

middle and receives in addition a small slip from the angle, the two origins being connected by a
sheet of fibrous tissue. Emerging in the interval between the deltoid and supraspinatus muscles,
its belly crosses the neck obliquely and is inserted into the whole length of the greater cornu of
the hyoid. These muscles all receive branches from the anser cervicalis.

Suprahyoid muscles.— Of these the geniohyoid is lacking and the mylohyoid has been
described in connection with the ventral pouch. The depressor mandibule (posterior belly
of the digastric) is a large muscle placed obliquely below the external auditory meatus and the
broad extremity of the postglenoid process. It arises by mixed tendinous and fleshy fibres from
the dense connective tissue covering the mastoid region of the periotic under cover of the
sternomastoid. The belly expands in its course to the mandible where it is inserted into the
angle, chiefly at its caudal and ventral borders, but extending upon the lateral surface also
ectal to the attachment of the masseter. A large branch of the facial nerve emerges between
its belly and the postglenoid process, crosses the condyle of the jaw.and the masseter muscle -
and breaks up into branches for the panniculus. From this while in contact with its rostral
surface the nerve of the depressor is derived. The relations of this muscle to the sternomandibu-
laris and the anterior belly of the digastric have already been described.

The stylohyoid is a ribbon like muscle arising from the mastoid region of the periotic
ventral and mesal to the depressor mandibule and caudal to the orifice of the facial canal. It
is inserted into the body of the hyoid close to its junction with the anterior cornu and to the '
adjacent portion of that process. Throughout its course it is closely applied to the lateral and
caudal aspect of the stylohyal cartilage. It is innervated by a branch of the facial nerve.

The trapezius complex.— These muscles derive their innervation from the spinal accessory
reinforced by branches from the ventral divisions of the cervical nerves. The sterno-mastoid
is a broad ribbon-shaped muscle, arising from the cephalic border of the sternum in its whole
breadth, where it abutts upon the origin of the pectoralis. It crosses the neck obliquely, narrow-
ing somewhat to its insertion by mixed tendinous and fleshy fibres into the squamosal and the
dense fibrous tissue which covers the mastoid. Here it is covered by a muscle of similar but
more superficial origin which directed caudad and ventrad towards the shoulder enters into
“relation with the trapezius. At the shoulder this muscle resolves itself into two portions, a
deeper rounded belly which joins the trapezius and a superficial sheet which expanding is
inserted into the fascia along the rostral margin of the pectoral in its lateral half, extending to
the mesal border of the deltoid. The fascia of the posterior triangle of the neck is of consid-
erable density and in its course ventrad splits to enclose the sterno-mastoid in the usual manner.
Traced towards the thorax it becomes thickened along the cephalic margin of the pectoralis;
adjacent to the median line it is firmly attached to the sternum and laterad at the shoulder blends
with the dense sheath of the deltoid. Beyond this transverse line it continues upon the pecto-
ralis but is somewhat less dense and aponeurotic. The fasciculi of fascial insertion are obviously
representative of the cleido-mastoid, the slip joining the trapezius is the masto-humeralis. Of
the trapezius proper or cephalo-humeralis only the cephalic portion is represented. This is
a small fan shaped muscle arising from the dorsal aponeurosis of the cervical region without
direct attachment to bone. Its fibres are directed ventrad and slightly caudad converging to
a small rounded tendon, which after uniting with the larger masto-humeralis passes in front
of the shoulder to be inserted into the radial tubercle of the humerus on its ventral aspect
between the deltoid and the coraco-brachialis. Below this the tendon is continued by two
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very strong ligamentous bands; the larger is continued in the line of the tendon along the
venter of the humerus to the capsule of the elbow joint and the proximal portion of the radius;
the smaller takes a slightly oblique course to the ulnar aspect of the elbow passing laterad of the
insertion of the coraco-brachialis, latissimus and teres. In these bands it is possible to see the
rudiments of the long and short heads of the biceps. Carte and McAlister mention tendinous
bands on the flexor surface of the humerus in B. rostrata (= B. acuto-rostrata), which they too
take to be rudiments of the biceps. For the rest their account of the muscules of this group
differs materially from the foregoing. They describe a masto-humeral with additional origins
from the transverse processes of the anterior cervical vertebrse. This they found inserting
into the anterior and internal part of the humerus. They do not mention a trapezius (cephalo-
humeralis) nor a cleido-mastoid. Their sterno-mastoid has an additional head from the first
and second costal cartilages. This last point of difference is probably due to their failure to
distinguish the sterno-mandibularis which in B. borealis has a costal origin and immediately
overlies the sterno-mastoid. v

Ventro-appendicular musculature.— The pectoralis is an extensive sheet of muscle which
covers the venter of the thorax and extends upon the abdomen to within 1.5 cm. of the umbili-
cus. It arises from the ventral surface of the sternum, from the whole width of the first rib
by a narrow origin between the attachments of the rectus and of the external oblique, and
extensively from the linea alba. Here while it approaches its fellow of the opposite side very
closely, I was not able to detect an interdigitation of the fasciculi of the two muscules. The
fasciculi are directed in the main transversely with a slight inclination cephalad to an exten-
sive insertion into the lateral raphé and the aponeurosis which invests the humerus, only a
minority of its fasciculi inserting into the preaxial border of that bone under cover of the
deltoid. In the raphé the pectoralis is united with the ventral and dorsal divisions of the pan-
niculus and with the latissimus dorsi, and retains this relation to the ventral panniculus in its
insertion into the aponeurosis of the arm. Its pannicular affinities are further indicated by its
innervation from branches of the long thoracic. Throughout the whole sheet the course of
the fasciculi are parallel, there is no convergence towards the shoulder, and the thoracic portion
of the muscle is distinguished from the abdominal by its greater thickness alone. There is
no pectoralis minor.

The latissimus dorsi is a small thin muscle parallel to the caudal margin of the scapula.
It arises from the aponeurosis covering the dorsal extensor muscles and on its deep surface it
is reinforced by delicate slips from the 7th, 8th and 9th ribs. Its fasciculi converge somewhat
to their insertion being directed rostro-ventrad to the lateral raphé where they meet those of
the pectoralis, and to the flexor surface of the humerus where they are inserted ventral to the
subscapularis and teres. With the tendon of the last the latissimus is intimately joined as it
crosses its ventral surface to gain a proximal insertion upon the humerus. The nerve supply
is by a slender branch of the long thoracic which lies upon the ental surface of the muscle and
penetrates it near its middle.

The coraco-brachialis is placed on the ventro-mesial aspect of the shoulder. It arises
from the tip of the coracoid process and crossing the tendon of the subscapularis is inserted into
the humerus immediately below the head and just mesial to the ligamentous bands, which are
probably representative of the biceps, with the postaxial one of which it is connected by a narrow
slip as Perrin found. '
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Balenoptera borealis.

Fig. 1. Musculature of flipper, mesal view. 2% X natural size. \

Fig. 2. Skeleton of flipper, mesal view showing attachments of muscles. 2% X npatural size.

M. rhomboideus. 10. M. masto-humeralis.

M. levator anguli scapule. 11. M. deltoideus.

M. omohyoideus. 12. Mm. pectoralis and latissimus dorsi.

M. subscapularis. . 13. M. triceps. ’

M. teres major. . 14. Ligamentous bands representative of biceps.
M. serratus anticus. 15. M. flexor communis digitorum.

M. supraspinatus. 16. M. flexor radialis.

Processus coracoideus. 17. M. flexor ulnaris.
M. coraco-brachialis. :
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The long head of the triceps arises from the caudal extremity of the glenoid cavity, the
glenoid ligament and capsule of the shoulder joint. The belly is broad and flat and markedly
convex along its dorsal margin. It is inserted by a short tendon into the extremity of the long
olecranon process. The external head, triangular in shape, arises from the postaxial border
of the humerus in its distal half. Its fasciculi are inserted into the whole length of the cephalic
border of the olecranon save for the area at the tip occupied by the long head. The third head
I failed to find. Its presence is recorded in B. rostrata by Carte and McAlister. Perrin does
not describe the triceps but his illustrations show only a long and an external head.

Trachelo-costo-scapular muscles.— The serratus anticus is best developed at the caudal
angle of the scapula. Here strong slips from the 4th, 5th and 6th ribs converge to an insertion
at the angle itself and the adjacent surface. Except in this region I failed to find fasciculi of
this muscle. Carte and MacAlister found it arising from the eight caudal ribs with a slip from
the second. Its nerve supply is from the long thoracic nerve. .

The levator anguli scapule is a short thick muscle arising from the costal process of the
second cervical vertebra. It passes between the scalenus and the trachelo-mastoid turning
dorsad to be inserted into the ventral aspect of the cephalic angle of the scapula. It is supplied
by ventral branches of adjacent cervical nerves. :

Rhomboideus.— The rhomboideus is not cleft into major and minor, but forms a narrow con-
tinuous sheet along the whole length of the suprascapula. Its origin does not extend to the
spines of the vertebree, but takes place by muscular fasciculi from the dorsal aponeurosis over
the longissimus dorsi.

Scapulo-humeral muscles.— The deltoid is the largest of this group. It arises from the
rostral two fifths of the dorsum scapule as far caudad as the infraspinatus, which it overlaps
by its caudal margin, further from the ectal surface and ventral border of the acromion process,
and from the fibrous tissue, which bridges the angle between this process and the rostral border
of the scapula, serving as an intermuscular septum between the deltoid and the supraspinatus.
The muscle is coarsely fasciculated. Its bundles converging towards the head of the humerus
are inserted upon a tendon, which appears first on the surface and caudal border of the muscle.
Into this the fasciculi of acromial origin insert along its preaxial border as it approaches the
humerus, so that here the muscle is fleshy to its insertion. Some of these fasciculi reach the
radial tuberosity of the humerus inserting between the infraspinatus dorsad and the masto-
humeral and supraspinatus ventrad. The tendon after crossing that of the infraspinatus,
which separates it from the shoulder-joint, is inserted into dorsal surface of the humerus from
the neck distad and into the whole preaxial border of that bone, blending distad with the capsule
of the elbow and extending upon the radius, and above expanding into the deep fascia, of the
flexor surface of the arm.

Perrin describes a strengthening band of the capsule of the shoulder passing from the glenoid
margin and the base of the coracoid to the humerus. This is here represented by a small sub-
deltoid muscle. It arises, as Perrin’s ligament from the base of the coracoid and the margin
of the glenoid cavity, but is much narrower. Its tendon rests upon the capsule of the shoulder
joint which it crosses on its rostro-lateral aspect to be inserted into the tuberosity of the humerus
under cover of the deltoid, between the infraspinatus and the fleshy insertion of the deltoid
which separate it from the cephalo-humeralis and supraspinatus. Both of these muscles are
supplied by the circumflex nerve. ' :
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The supraspinatus, covered by the deltoid, is a larger muscle and of more extensive origin
than in the porpoise (Rapp, Stannius) and yet far from attaining half the size of the deltoid
as found in B. rostrata (= B. acuto-rostrata) by Carte and MacAlister, with whose description
it corresponds in general. It arises from the rostral border of the scapula as far ventrad as the
acromion, from the ventral surface of the acromion, and from a fibrous layer, which closes the
angle between scapula and acromion and gives origin by its ectal surface to the deltoid. The
fasciculi converge to a tendon, which passing upon the rostral aspect of the shoulder-joint is
inserted into the radial tuberosity of the humerus under cover of the tendon of the masto-
humeral. It is supplied by the suprascapular nerve.

The infraspinatus arises from the vertebral margin of the scapula in its third and fourth
fifths and from the corresponding portion of its dorsum as far as the neck. The muscle is tri-
angular, abutting upon the origin of the teres by its caudal margin, overlapped by the deltoid
along its rostral border. After crossing the long head of the triceps it passes into a flattened
tendon, applied to the dorsum of the shoulder-joint, to which it is adherent, then expanding
somewhat it is inserted into the radial tuberosity of the humerus on its extensor aspect. At
its insertion it is embraced by the expansion of the deltoid. It is innervated by the supra-
scapular nerve. v _

The teres arises from two thirds of the caudal border of the scapula adjacent to the neck
and from a firm intermuscular septum common to it and the subscapularis. Its tendon crosses
that of the latissimus dorsi very obliquely being intimately united with its dorsal surface, and is
then inserted into the shaft of the humerus distal to the subscapularis. Its nerve is derived
from the long thoracic in its course through the axilla.

The subscapularis occupies the whole venter of the scapula. It is partially divided at its
origin into eight fleshy slips. Its fasciculi converge to a narrow insertion upon the postaxial
surface of the humerus immediately below the head, and by an aponeurotic expansion into the
fascia of the flexor surface of the arm. It is supplied by small branches of the long thoracic.
Its tendon is firmly united with the capsule of the shoulder, not perforating it as Carte and
MacAlister describe, but can be separated leaving the joint intact, in this corresponding with
the observations of Perrin.

Intrinsic muscles of the flipper.— The extensor communis digitorum arises from the capsule
of the elbow-joint and from the adjacent surfaces of the ulna and radius together with their
interosseus membrane. The ulnar origin is small being confined to 3 or 4 mm. of the proxi-
mal portion of the bone. On the radius the origin includes the proximal three fifths of the
shaft. The tendon appears first at the ulnar border of the belly and before the carpus is reached
has received all the fasciculi of the muscle. On the carpus the tendon expands and divides into
four slips. The middle two follow the axial lines of the two middle digits. The postaxial slip
follows the preaxial border of the ulnar digit; the preaxial slip the postaxial border of the radial
digit. In their whole length these tendons are united by fibrous tissue to the perichondrium
of the phalanges and the union is especially firm at the enlarged interphalangeal joints. I
could not make out the definite lateral slips in the region of the joints, which Struthers ! mentions
in his beautiful description and illustration of this muscle in B. musculus (= B. physalus), and
which Carte and MacAlister describe in B. rostrata (= B. acuto-rostrata). From the diminutive

! Struthers, 1871. Op. cit., Jour. Anat. and Phys., Vol. VI, p. 107.
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Balenoptera borealis.

Fig. 1, Skeleton of flipper, lateral view showing attachments of muscles. 2% X natural size.

Fig. 2. Suprahyoid and infrahyoid muscles. Natural size.

M. deltoideus, origin.

M. supraspinatus, origin.
M. infraspinatus, origin.
M. teres major, origin.

M. subdeltoideus, origin.
M. coraco-brachialis, origin.
M. subdeltoideus, insertion.
M. infraspinatus, insertion.
M.
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deltoideus, insertion.

. triceps, origin of long head.

. triceps, insertion of long head.

. triceps, origin of short head.

. triceps, insertion of short head.

. flexor ulnaris, origin.

. flexor ulnaris, insertion.

. extensor digitorum communis.

Longitudinal stratum of musculature of ventral pouch.
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24.
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31.
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34.
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. sternomandibularis.

hypoglossus.
genioglossus.
depressor mandibulse.
hyoglossus.
hyoides.
omohyoideus.
sternohyoideus.
sternothyroideus.
thyrohyoideus.
sterno-mastoideus.
pectoralis.
scalenus.

. obliquus externus.

rectus abdominis.
sternomandibularis, costal origin.
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proportions of these structures in this foetus I doubt if they could be seen without recourse
to sections. In Perrin’s specimen the origin extended proximad upon the humerus, and the
tendon of digit II gave off a slip to the metacarpus. ThisI could not find, nor does Struthers
mention its presence as a distinct element in B. musculus (= B. physalus), but finds all the
tendons united to the metacarpals in the same way as to the phalanges.

The flexor carpi ulnaris arises from the distal margin of the olecranon and from the adjacent
shaft of the ulna to a slight extent. Its fasciculi converge to a léng and slender tendon which
is inserted into the pisiform. It is identically the same as in B. musculus (Struthers) but differs
in its insertion from B. rosirata (= B. acuto-rosirata) where Carte and MacAlister found it
inserting into the fourth metacarpal, Perrin into the ulna.

The flexor digitorum radialis is a slender muscle arising from the postaxial portion of the
shaft of the radius as far distad as the middle of the bone, from the interosseous ligament, and
from the septum between it and the flexor ulnaris. Its tendon runs distad and towards the radial
digit where it joins the slip of the flexor ulnaris to that digit. :

The flexor digitorum ulnaris arises from the internal epicondyle of the humerus, the cap-
sule of the elbow joint, the shaft of the ulna in its proximal half, the interosseus membrane
and the intermuscular septum common to it and the flexor radialis. Its fasciculi converge upon
a slender tendon which upon reaching the carpus divides into four slips. These are continued
“upon the flexor surface of the phalanges to the last. In this course the tendons are firmly bound
down to the phalanges and especially to the enlarged interphalangeal synchondroses, in the
last position by expansions of the tendon which are attached to the sides of the articular carti-
lages. The slip to digit IV continues the line of the main tendon, that to digit V is the strong-
est of the four. The slip to digit II is of approximately the same size, certainly not larger than
those to digits III and IV. I could find no trace of a palmaris longus described by Carte and
MacAlister, nor of the flexor sublimis found by Perrin, in B. rostrata (= B. acuto-rostrata). In
this as in other respects the intrinsic muscles of the flipper agree closely with the conditions
in B. musculus (= B. physalus) as recorded by Struthers.

Abdominal muscles.— The rectus abdominis is a broad and massive muscle, forming the
chief support of the abdominal wall and extending from the sternum to the pelvis as a con-
tinuous sheet uninterrupted by tendinous inscriptions. It arises from the ventral surface of
the sternum and the whole breadth of its caudal margin, and from the ventral extremities of
the first eight ribs and their cartilaginous prolongations. The costal slips diminish in size caudad.
Those from the second and following ribs arise from their caudal borders and add themselves to
the lateral border and deep surface of the muscle, which thus increases in breadth as well as
thickness in its thoracic portion. It attains its maximum width a little rostrad of the umbili-
cus and thence contracts again caudad. As it approaches the pelvis the rectus divides into a
medial and a lateral portion separated by a large neurovascular foramen, through which emerge
the nerves and blood vessels for the genitalia and proximal portion of the pedicle. The median
division of the muscle is narrow and inserts in large part upon the rostral border and ectal surface
of the ilium. The remainder expands into an aponeurosis interposed between the ischio-caudalis
and the hypaxial muscle, which inclining mesad joins with its antimere by its more rostral
fibres, forming an arch to give passage to the rectum and vagina, while its more caudal fibres
are attached to the proximal chevron bones in common with similar fibres from the opposite
side. The lateral division of the aponeurosis expands beneath the obliquus internus and pan-
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niculus and can be followed to the lateral septum ventral to the transversarius, through which
it gains attachment to the transverse processes of the caudal vertebrze. A muscular slip from.
the dorsal division passes at the lateral margin of the neuro-muscular foramen, intervening
between it and a weak area in the dorsal aponeurosis, to be inserted upon the ventral tendi-
nous expansion. Near this point of insertion, which is just caudal to the ischium, a small trans-
verse muscle arises and passing mesad is inserted into the fibrous tissue of the midventral line,
in common with its antimere, between the anus and the first chevron bone. It is possible to
see in this the representative of the coccygeus.

The rectus is enclosed in a strong sheath derived from the aponeurosis of the obliqui and
transversalis. It is weak in the thoracic region and here adheres to the venter and dorsum
of the muscle so firmly as to be removed with difficulty. The aponeurosis of the external oblique
forms the more ventral layer of the sheath; that of the internal oblique splits to enclose the
rectus, and this cleft involves the muscular fasciculi as well as the aponeurotic lamelle, while
the aponeurosis of the transversalis forms the ental layer passing wholly upon the dorsum of
the rectus. These several layers fuse in the midventral line to form the linea alba, which is
narrow and weak in the thoracic region becoming firm and dense in the abdomen. At the
umbilicus the dorsal and ventral layers of the sheath are continuous around the mesal margin
of the rectus, and are separated from those of the opposite side by an interval which gives
passage to the umbilical cord. Here the connective tissue structures are very much thickened.

The obliquus externus, except upon the front of the thorax, is an extremely thin sheet.
It arises by a series of digitations from all the ribs and beyond these from the lumbar aponeurosis,
but here only to a very small degree, so that a considerable portion of the internal oblique is
left exposed. The slip from the first rib is massive and is attached to its ectal surface as well
as its caudal border abutting upon the insertion of the scalenus anticus, from which however
it is clearly separated. The remaining digitations are attached to the caudal margins of the
ribs at successively greater distances from the median line. Those arising from the second,
third and fourth ribs interdigitate with the scalenus medius, but I could not find that any fasci-
culi were continuous from one muscle to the other as Carte and MacAlister observed in B.
rostrata (= B. acuto-rostrata). The slips from the fifth and sixth ribs interlock with slips of the .
serratus anticus. The fasciculi are directed very obliquely caudad and mesad. They are
continued a short distance upon the venter of the rectus before becoming aponeurotic, except
at the caudal end of the muscle where they terminate before reaching the rectus.

The obliquus internus is considerably thicker than the externus. It arises from the lum-
bar aponeurosis as far caudad as the transverse plane of the vulva. Its fasciculi are directed
very obliquely rostrad and ventrad. At the margin of the rectus it divides into two lamellae.
The superficial promptly becomes aponeurotic and is thus inserted into the linea alba. The
more caudal of the fasciculi of the deep lamella behave in a similar manner upon the dorsum
of the rectus muscle, the more rostral are inserted upon the caudal margins of the cartilages of
the last seven ribs, close to the slips of origin of the rectus.

The transversalis, arising likewise from the lumbar aponeurosis and for about the same
extent as the obliquus internus, is directed transversely towards the median line, its aponeuro-
sis passing wholly dorsal to the rectus. The sheet is continued in the thoracic region by slips
from the deep surface of the extremities of the last nine ribs, interdigitating with the origins of
the diaphragm. Like the external oblique this layer is very thin.
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Balenoptera borealis.

Fig. 1. Deep muscles of thorax and abdomen, dbrsal musculature. £ X natural size.
Fig. 2. Situs viscerum, and hypaxial muscle of pedicle. £ X natural size.

M. semispinalis capitis. 23. Left ventricle.

M. longissimus dorsi. 24. Lung.

M. iliocostalis. 25. Liver.

M. splenius. 26. Falciform ligament.
M. trachelo-mastoideus. 27. Omentum.

M. transversarius. 28. Stomach, second compartment.
M. levator anguli scapule. 29. Small intestines.

M. sternomastoideus and’ mastohumeralis. 30. Rib XIII.

M. scalenus. : 31. Kidney.

M. transversalis abdominis. 32. Ovary.

M. rectus. 33. Ureter.

M. coccygeus. 34. Bladder.

M. temporalis. 35. Urethra.

M. masseter, pars superficialis. 36. Vagina.

M. masseter, pars profunda. 37. Rectum.

M. depressor mandibule. 38. Umbilical artery.
Hypaxial muscle of pedicle, superficial portion. 39. Colon.

The same, lateral portion. '~ 40. Diaphragm.

The same, mesal portion. 41. First thoracic rib.
Thymus. 42. Cervical rib fused with the foregoing.
Pulmonary artery. : 43. M. sternothyroideus.

Left atrium. 44. M. thyrohyoideus.
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Pelvic musculature.— The ischio-caudalis arises from the ectal surface of the pelvis in its
ischial portion by its mesal fasciculi, and far more extensively from the sheath of the rectus
lateral to the pelvis. It is a thin sheet-like muscle of triangular form, united in the midline
with its fellow of the opposite side by a narrow raphé. Its fasciculi are directed caudad and
mesad and are inserted into the tips of the chevron bones. The muscle extends to the junction
of the pedicle with the flukes, being the most superficial of the ventral muscles of the region
and covered only by the aponeurosis which continues the panniculus. The muscles are united
as far rostrad as the anus, where they diverge to give passage to the rectum. On its dorsum as
in Phocena (Stannius) they are united by a firm aponeurosis.

The levator ani arises from the ental surface of the pelvis and, caudal to the ischium, its
origin is continued from the deep surface and mesal border of the ischio-caudalis to which it
is united by a tendinous inscription. Its fasciculi pass to the midline almost transversely unit-
ing in a raphé with those of their antimere; where passage is given to the vagina and rectum,
the bundles of the levator are continued into their walls.

The ischio-cavernosus is a relatively large muscle, superficial to the levator. It arises
from the mesal margin of the ischium and expanding slightly is inserted into the dorsum of
the clitoris, uniting with its fellow in a raphé.

Intercostals.— These muscles, of which there are twelve pairs on each side, were strongly
developed and characterized by the marked obliquity of their fasciculi. In other respects
their arrangement was as usual. The interval between the two proximal segments of the bifur-
cated first rib was occupied by mucle continuous with and having the direction of the scalenus.

Diaphragm.— This is a strong and compactly built muscle, in its sterno-costal portion
averaging somewhat more than 1 mm. in thickness. On its abdominal surface is a dense end-
abdominal fascia, upon which is a heavy layer of subperitoneal areolar tissue, the whole, dia-
phragm, fascia and areolar tissue measuring 2 mm. in thickness. The diaphragm in the ventral
midline arises from the linea alba and the ental layer of the sheath of the rectus between the
extremities of the ribs of the sixth pair. These fasciculi, the equivalent of the pars sternalis,
have a sagittal course and overlap the bundles of the pars costalis on their abdominal surface
so that there is no fibrous interval between these portions of the muscle. The pars costalis
arises along an oblique line extending from the tip of the sixth to that of the thirteenth rib.
Here it turns upon itself and the line of origin is continued in a dorso-rostral direction along
the ental surface and upper border of the last rib for the distal third of its length. These fasci-
culi are directed rostrad and dorsad having nearly the same inclination as the ribs from which
they arise, in this direction agreeing with the lateral bundles of the pars lumbalis with which
they are perfectly continuous. The pars lumbalis is composed of a crus laterale, crus inter-
medium and crus mediale. The latter arises tendinous from the bodies of the first two lumbar
vertebree. The tendon of origin arches in front of the aorta immediately rostrad of the cceliac
axis. From this in its whole length arise fasciculi of a general sagittal direction and, with refer-
ence to the crus intermedium, of superficial position. The bundles of the right crus are com-
pacted into a ridge as they ascend and arch ventrad of the orificium cesophagi, forming a sharp
muscular falx to the right and in front of the aperture. Those of the left crus continue as a
flattened band upon the dorsum of the cesophagus and turning to the right reach the central
tendon. The remainder of the diaphragm arises from the sheath of the great hypaxial muscle,
which extends from the last rib throughout the lumbar region and the pedicle. The line of
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origin has here the shape of an inverted V with unequal arms. The longer lateral arm gives
rise to the crus laterale, the mesal to the crus intermedium, but only in part for bundles of this
portion arise also from the deep surface of the crus mediale. The lateral crus is continuous with
the pars costalis and has the same orientation of its bundles. It is separated from the crus
intermedium by a fibrous trigone, which cephalad has its apex prolonged into a strand, which
receives on its lateral aspect the rostro-mesally directed bundles of the crus laterale, on its mesal
side the fasciculi of the intermediate crus, which have a rostro-lateral inclination. On the right
side the strand proceeding from the fibrous triangle joins the centrum tendineum, on the left
it is possible to follow it beside the cesophageal orifice, where it turns towards the right as though
to join the central tendon by arching between the orificium cesophagi and the foramen quad-
rangulare, but here its course is obscured by muscular bundles and it disappears from view.

The centrum tendineum is large, but is confined to the dorsal plane of the diaphragm. Its
most ventral point is the caval aperture which it surrounds with a narrow zone of fibrous tissue,
expanding caudad in a wide oval which exceeds on the right the limits of the hepatic adhesion
and then tapering is continued by the fibrous strand already described to the trigone of the right
side. On the left the margin of the tendon approaches the right mesal crus, but a narrow strip
of the crus intermedium intervenes between them. Thus the right leaf of the central tendon
is highly developed, the central leaflet is all but entirely replaced by muscle, and the right is
represented by a slight expansion in the fibrous interval between the crus intermedium and
crus laterale. By means of this structure on the right the central tendon is prolonged to the
origin of the pars lumbalis. The structure of the muscle is peculiar chiefly as a consequence
of the arrangement of its fibrous tissue. This as a whole may be schematized as an inverted
U with its ends at the fibrous trigones and its arch, obscured it is true, ventral to the foramen
cesophagi. Into the ectal contour of this U are inserted, converging from the costal arch, the
bundles of the pars costalis and caudad also those of the crus laterale. More superficially and
partly overlapping the most ventral fasciculi of the costal portion, the sagittally directed pars
sternalis inserts upon the arch of the U. The crus laterale, the origin of which extends upon
the tendinous arch of the crus mediale, inserts upon the sides of the ental contour of the U,
while the crus mediale, itself superficially placed, is inserted into its arch, the right pillar passing
ventrad, the left dorsad to the cesophagus and blending at their insertion. As a result of the
approximation of the two superficial sets of bundles, the pars sternalis and the crura medialia,
the tendinous insertion is concealed from view, and the arch of the U of our schema is buried in
the substance of the muscle.

The phrenic nerves, derived chiefly from the fourth cervical, emerge from the scalenus
near its mesal border and passing round this margin descend into the thorax along the venter
of the precava. Here the nerve of the left side receives a considerable branch from the fifth
cervical. After passing the hila of the lungs the nerves are concealed in the accumulation of
subpleural fat about the pericardium. They enter the diaphragm after division into several
branches. The inferior phrenic arteries are derived from the aorta caudad of the origin of
the superior mesenteric. Before piercing the crus mediale each gives a branch to the adrenal.
The phrenic veins empty into the renals.

The hypaxial musculature.— The muscles placed upon the ventral surface of the spine attain
an extraordinary and highly specialized development in Balenoptera. They extend along the
whole axis in this position, save for a thoracic interval from the VI to the XIII dorsal vertebra
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inclusive. Thus they are separated into two districts, that of the neck and upper thorax and
~ that of the lumbar region and pedicle. In the neck a great muscle complex is formed, in which
the elements of the lateral group (scalene) are very imperfectly differentiated from those of the
mesal (recti antici capitis). The complex is of great size and extends its insertion far upon the
basis cranii, as well as its origin upon the ribs and spine. From these two sources the fasciculi
converge and unite inside the arch of the first rib, thence extending as a single mass to the skull,
so that the whole complex has the form of an inverted Y, the diverging arms of which embrace
the dome of the pleura and limit its extension rostrad. Carte and MacAlister have an accurate
description of this muscle, which they interpreted as “corresponding to the longus colli, longus
atlantis, and rectus capitis anticus muscles, and in part also to the scalenus posticus and medius
and supracostal muscles.” .

-The lateral portion (scalene) arises broadly from the ectal surfaces of the first three ribs,
interdigitating with the obliquus externus, and by narrower slips from the fourth and fifth ribs,
dorsal to the origins of the serratus anticus. The fasciculi from the latter retain a measure of
independence and forming the dorsal border of the muscle, ascend to the extremities of the
transverse processes of the cervical vertebrz, into the dorsal aspects of which they are inserted
from the second to the seventh inclusive.

They thus represent a highly developed and partially independent scalenus posticus. The
fasciculi from the first three ribs are reinforced laterally by a portion of those from the fourth ’
and fifth, and mesad by a very considerable increment from the ental surface of the first rib.
These last arise from the region of the bifurcation ventrad for about two thirds of the length
of the rib between its bifurcation and its sternal extremity, and occupy this surface in its whole
breadth. Entally they rest against the pleura. They seem therefore the equivalent of the
scalenus minimus of human anatomy. In their ascent to the spine they occupy a mesal and
caudal position in the scalene mass, so as to reach the transverse process of the seventh cervical
vertebra. They are however incorporated so intimately in the general complex that they can-
not be traced as a separate element, and many of them extend to a higher level in company with
the bundles derived from the first three ribs. As these pass dorsal to the subclavian vessels they
correspond to the scalenus medius, the anticus being absent. The insertion is into the ventral
aspect of the cervical transverse processes close to their tips, and in common with the rectus
anticus upon the basi-occipital, occupying with reference to the fasciculi of spinal origin a lateral
position in the common belly. Near the first rib the muscle is cleft for the passage of the nerves
of the brachial plexus, those of the cervical piercing it separately and somewhat laterad as well
as rostrad to the brachial hiatus. It is innervated by short branches from the cervical nerves
as they pass through its substance.

The mesal group falls into two planes, a massive superficial portion extending from the
thoracic vertebree to the basioccipital, which enters into relation with the scalene, and which
I believe is better interpreted as an enormously extended rectus anticus major, and a small
deeper stratum confined to the spine and having the arrangement typical of the longus colli.
In addition a considerable belly arises from the atlas and joins the deep surface of the belly to
the occipital bone; this seems clearly to be the rectus capitis anticus minor.

The superficial stratum arises from the venter and sides of the first five dorsal vertebrz,
extending caudad to the point where the aorta comes into contact with the spine. In the region
of the upper dorsal and last cervical vertebrz it receives very delicate tendons from the sides
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of the vertebree well dorsad, towards but not actually from, the transverse processes. The bulk
of its fasciculi arise from the fifth, fourth and third dorsal vertebrse ventrally, those from the
sides of the bodies and from the second and first dorsals form but a small fraction of the belly..
This has nearly a sagittal course, but in the cervical region the muscles of the two sides diverge,
again converging towards the occipital so that an oval space is left between them in which appears
the deeper plane. As the belly ascends in the neck it receives laterally the scalene, and as it
passes the atlas it is joined by a short thick muscle from the transverse process (rectus capitis
anticus minor). These three elements are blended in a common belly which inserts into the
base of the cranium at the mesal margin of the auditory bulla as far rostrad as the ale of the
vomer. Here the fasciculi from the dorsal vertebrze extend farthest rostrad, the scalene are
laterad and for the most part at the caudal margin of the bulla, the rectus minor near the caudal
margin of the occipital.

The deeper stratum is small and confined to the spine. Three portions can be distin-
guished, one longitudinal and two oblique. The longitudinal is best developed and extends along
the ventral common ligament of the vertebra from the third dorsal to the ventral arch of the
atlas, arising from the more caudal and inserting into the more rostral vertebrz. The majority
of its fasciculi, however, reach the atlas. The caudal oblique portion, arising in common with

the longitudinal, is inserted into the transverse processes of the fifth and sixth cervical vertebre.
~ The rostral oblique portion arises from the transverse processes of the fifth and fourth, and
inserts in common with the longitudinal portion into the atlas. Thus in the deep plane, which
is not described by Carte and MacAlister, we find a perfectly organized longus colli independent
of the superficial stratum, which for this reason seems better taken as the representative of the
rectus anticus major. '

~ The hypaxial muscle of the lumbar region and pedicle is an enormous mass occupying
the region between the transverse processes and the bodies of the vertebra and extending from
the last caudal vertebra to the eleventh rib. Dorsad it is in relation in its whole length with
the transversarius. Mesad it is in contact with its fellow, the chevron bones being interposed
as far rostrad as the anus, beyond which the muscle twists somewhat on itself, so that its mesal
surface becomes meso-ventral. Against this surface rest the kidneys and ureters, and between
the muscles of the two sides are interposed the aorta and posteavee. Superficially in the abdomi-
nal region the muscle is covered by the transversalis, the obliqui and lumbar aponeurosis; in
the pedicle it is partially overlain and concealed by the ischio-caudalis and the aponeurosis of
the rectus. The lumbar and caudal nerves and blood vessels pass dorsal to it to the cleft between
it and the transversarius.

In structure it resembles the longissimus dorsi, being divided caudally into two tracts which
become merged rostrad. Its lateral tract begins as a great tendon attached to the ventral
aspect of the caudal vertebrz, and receiving minor tendons laterad from the region of the rudi-
mentary transverse processes. From the beginning of the flukes rostrad to the level of the hypo-
gastric arteries, this great tendon resolves itself into a series of five smaller tendons of origin,
which add themselves to the mesal tract of the muscle. This tract begins at the junction of the
flukes and pedicle by fleshy fasciculi derived from the deep surface of the great tendon. Rostrad
it increases in size, deriving additional fasciculi from two sources, mesad from the chevron bones
and laterad from the tendon slips before mentioned. In the abdominal region it gains attach-
ments to the bodies of the vertebra and the ventral surfaces of the transverse processes, extending
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farther laterad upon the latter as it proceeds rostrad, and making fibrous arches over the lumbar
vessels, beside the vertebral bodies. The lateral tract is situated between the foregoing and the
transversarius. At the beginning of the pedicle it arises from the sides of the vertebrz, receiving
also a tendon of origin from the great tendon of the mesal tract. It enlarges rostrad deriving
fleshy fasciculi from the sides of the vertebrz, and in addition receives seven tendons of origin
from the interval between it and the transversarius. These arise from the bodies of the ver-
tebre and are at first incorporated in the intermuscular septum, their line of origin extending
rostrad about half the length of the pedicle. They are directed mesad as well as rostrad passing
superficial to the fleshy belly of the lateral tract until they come to lie beside the great tendon
of the mesal tract. They end in fleshy bundles which are added to the mesal aspect of the
lateral tract. As it is followed rostrad this portion of the muscle comes more and more to overlie
the mesal tract, with which in the lower abdomen it becomes inextricably blended. The fas-
ciculi of both tracts, while in general longitudinal, have an inclination laterad, passing from
mesal origin to lateral insertion, exception made of the vertebral insertions already mentioned,
which belong to the mesal tract. In the pedicle the whole muscle including its tendons is cov-
ered by a dense aponeurosis which is attached mesad to the extremities of the chevron bones,
and laterad to the septum between it and the transversarius. From the first chevron rostrad
this becomes replaced by a muscular layer which ensheaths the longitudinal tracts and their
tendons, its own fasciculi having a more oblique direction. On its deep surface it is closely joined
to the rest of the muscle by exchange of fasciculi.

The insertion is into the bodies of the abdominal vertebrz as far rostrad as the first lumbar,
into the ventral surfaces of their transverse processes to a degree which increases rostrad, into
the caudal border and ental surface of the last rib in its whole length, and into the ental surfaces
of the twelfth and eleventh ribs in the region of their angles. It is innervated by branches of
the lumbar nerves as they pass obliquely through its substance.

Dorsal musculature.— In the description of these muscles I have used the terminology and
classification of the human anatomists, following Eisler ! as closely as the nature of the case
permitted. I have made but few references to the literature of cetacean myology, because
this is almost confined to the Odontoceti and has been summarized by Leche,> while Carte and
MacAlister’s account of Balenoptera is too abbreviated and incomplete to be of much assistance.
I have therefore limited myself to memoranda of the conditions observed, and here have sought
to describe the general relations and extent of the several systems rather than to enter upon their
structure in detail, for which the small size of this feetus makes it rather unfavorable material.

Spino-costal muscles.— This layer is very rudimentary as it is for the most part repre-
sented by a fascial layer. The serratus posticus inferior is very thin and its fasciculi insert upon
the 6th, 7th and 8th ribs near their angles. It is covered by the latissimus dorsi. I failed to
find a serratus posticus superior. Neither are mentioned by Carte and MacAlister.

Spino-dorsal muscles.— These muscles are of enormous size and for the most part so inti-
mately connected by exchange of bundles, that their resolution into tracts is more than usually
difficult and at best schematic. An exception is present in the transversarius, which in its whole
length is separated from the other spinodorsal muscles by a definite septum. From this mesad

! Eisler, P. Die Muskeln des Stammes, in Bardeleben’s Hanb. der Anat. des Mensch. Jena, 1912. See also.Henle, Anat. des
Menschen. Braunschweig, 1873.
? Braun’s Thierreich, Siugethiere.
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to the spines by far the greatest area is occupied by the longissimus, which increases in bulk as
far rostrad as the thorax, there diminishing so that only a ribbon-like band, narrow and deep,
is continued to the head. Between this and the transversarius, beginning in the upper thorax,
is interposed the triangular trachelo-mastoid, which is well demarcated from the longissimus by
a strong septum, while less firm and but scanty connective tissue intervenes between it and
the transversarius. It seems to receive no fasciculi from that muscle. The longissimus abuts
upon the spines in the pedicle, yet even here fasciculi of the transverso-spinalis tract separate
it deeply from their bases. These elements increasing in size rostrad come to occupy more and
more of the sides of the spines and in the upper lumbar region form a narrow tract intervening
between the longissimus and the spines. In this region the separation of the two muscles is
very imperfect. From the last dorsal vertebra the superficial stratum of the transverso-spinalis,
the semispinalis, increases enormously in size and forces the diminishing longissimus laterad,
its very massive belly (semispinalis capitis) is the largest musecle of the neck and gains a broad
and deep insertion.upon the occipital. Superficial and partly concealing this muscle in the
neck is the splenius capitis, which inserts in intimate association with the trachelo-mastoid into
the mastoid region. With this by way of introduction we may turn to a brief consideration of
the individual muscles.

The splenius arises from the aponeurosis covering the longissimus by means of which it
is attached to the spines in the dorsal region. Its fasciculi are directed rostrad and laterad,
and condensing towards its insertion and blending to some extent with the trachelomastoid, it
inserts into the caudal extremity of the squamosal close to its junction with the mastoid and
into a strong tendon, which passes rostrad from this region to the postorbital process of the frontal
and the base of the zygoma. In its course this tendon is adherent to the underlying periosteum.
It gives insertion caudad in addition to the splenius and trachelomastoid, to some of the fasci-
culi of the sternomastoid and mastohumeral. In front it gives origin in part to the deep portion
of the masseter.

The trachelomastoid is of moderate size and triangular in shape. It arises from the ectal
surfaces of the first four ribs, mesal to the transversarius slips, and from the transverse processes
of the lower cervical vertebre. Tt is inserted, fused with the splenius, into the caudal portion of
the squamosal and into the tendon just described.

The longissimus dorsi occupies the region between the transverse and the spinous processes
as far as the thorax, where it is displaced laterad, yielding an increasing area immediately adja-
cent to the spines to the transversospinalis (semispinalis capitis). Here the muscle rapidly
diminishes in size and only a rather slender belly gains attachment to the exoccipital. In the
pedicle a ventro-lateral portion, the iliocostalis (sacrolumbalis of Stannius) is distinguishable,
separated from the dorso-median portion by a fibrous septum, which is nevertheless pierced for
the passage of tendons which give origin to fasciculi of the iliocostalis. Rapp considered that
the two portions were so intimately united as to constitute a single muscle. Stannius found them
separated throughout by a septum and assigns all the fasciculi that insert into transverse pro-
cesses and ribs to his sacrolumbalis. The longissimus begins by a stout tendon arising from the
dorsum of the last vertebra. It passes rostrad receiving slips from the spinous processes,
muscular fasciculi first appearing near the extremity of the pedicle. Throughout the caudal
and lumbar region it is recruited by slips from the spinous and accessory processes, and con-
tinues to receive slips from the latter source in the thorax, where it has abandoned its posi-
tion beside the spines. In addition it receives augmentation of fasciculi from%the strong
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aponeurosis, which covers its surface. This is especially conspicuous in the thorax and
neck, where a considerable portion of the muscle along its ventro-lateral margin is derived
from this source. The iliocostalis begins as a series of tendons derived from the ventrolateral
margin of the longissimus. The first of these leaves the tendon of origin of the latter at the
junction of the pedicle with the flukes. Ten such tendons in all were present, increasing in size
to the middle of the pedicle and then diminishing. The fourth, fifth and sixth are the largest.
These all pierce the septum which separates the longissimus and iliocostalis. In addition the
muscle receives slips from the accessory processes. The fasciculi are directed nearly longitudi-
nally, but with a slight deviation laterad and ventrad, to their insertions by mixed tendinous
and fleshy fibres into the transverse processes of the lumbar, thoracic and cervical vertebraz
(iliocostalis), and into a vertical line upon the exoccipital between the trachelo-occipital muscle
mesad and the obliquus superior laterad (longissimus). In the thoracic region slips are also
attached to the ribs mesal to their angles and to the insertions of the transversarius.

The transverso-spinalis consists of fasciculi extending from the transverse processes to the
spines of the vertebre with a general direction rostro-mesad. It may be resolved into a super-
ficial portion (semispinalis) and a deep portion, multifidus, though many fasciculi extend from
one to the other. In the pedicle where the whole system is of small size and for the most part
under cover of the longissimus, from which it is but imperfectly separate, I was obliged to give
over the attempt to analyze its components. As the thorax is approached the semispinalis
increases in size and attains considerable depth, gradually making its appearance between the
spines and the longissimus. Its fasciculi arising from accessory processes are inserted into
the spines of more rostral vertebre. The fasciculi have a very oblique course and pass over
several vertebra from origin to insertion. From about the mid-dorsal region the insertion into
spines ceases, indeed a few fasciculi now arise from this source, and the origin from the accessory
processes enlarges spreading on to the bases of the transverse processes. The muscle becomes
very bulky rising high above the level of the spines as it approaches its insertion into a large
area on the supraoccipital, between the midline and the attachment of the longissimus. This
portion is the semispinalis capitis and constitutes by far the major part of the whole system.
From its deep surface, in the upper thoracic and cervical region, several large bundles are given
to the underlying multifidus. The semispinalis cervicis, rectus capitis posticus, obliquus and
multifidus are exposed on its reflection.

The semispinalis cervicis is a small muscle arising from the transverse processes of the lower
cervical and the first three thoracic vertebre. It is directed obliquely rostro-mesad and inserts
upon the arches of the epistropheus and atlas, many of its fasciculi passing uninterruptedly into
the rectus capitis posticus.

The multifidus is composed of bundles passing between spines and transverse processes.
In the upper lumbar region they have a moderate obliquity passing over three or four vertebrz
in their course from origin to insertion. In the thorax their course becomes more longitudinal
and some of the superficial bundles are of reversed obliquity passing from thoracic spines to
cervical transverse processes. As a whole this system is of small size filling the interval between
accessory and spinous processes. Caudad it resisted my efforts to separate it from the semi-
spinalis, rostrad while more independent it yet receives several slips from the deep surface of
that musecle. I did not examine the submultifidus. Interspinales are present, paired and of
moderate development. '

The rectus capitis posticus I could not resolve into major and minor. It arises broadly from
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the arches of the atlas and epistropheus and the intervening ligament, receiving a broad super-
ficial fasciculus from the semispinalis capitis and having some of its bundles below this con-
tinuous with that smaller member of the transversospinal system, which I have taken for the
semispinalis cervicis. The muscle has considerable thickness and inserts into the occipital
between the margin of the foramen magnum and the attachment of the semispinalis capitis.
Stannius! in Phocena found this muscle incorporated into the semispinalis. Murie ? finds
two recti in Globiocephalus closely woven together.

The rectus capitis lateralis is a short thick muscle arising from the transverse process of
the atlas and the adjacent border of the articular process, and inserting upon the paroccipital
process, its fasciculi having a slightly oblique direction and spreading out at their occipital
attachment.

The obliquus capitis superior arises from the transverse process and dorsal arch of the atlas,
and ascends to a rather large insertion upon a ridge at the extremity of the exoccipital dorsal
to the insertion of the rectus capitis lateralis, and lateral to the next following muscle.

This is a sagittal trachelo-occipital muscle, the origin of which extends from the accessory
process of the first thoracic vertebra to the dorsal arch of the atlas, arising from the arches of
the cervical vertebrz in a position corresponding to the prolongation of the line of the accessory
processes. Increasing greatly in size in the upper cervical region it is inserted into the occipital
bone between the rectus capitis posticus and the longissimus and seems to be a derivative of
the semispinalis capitis. It is placed dorsomesal to the dorsal divisions of the cervicle nerves.
This muscle is described and figured in Globiocephalus by Murie * who interprets it as trachelo-
mastoid. He also describes, in addition to the rectus capitis lateralis, two atlanto-occipital
muscles, which he designates superior and inferior oblique.

The transversarius occupies the region of the transverse processes extending from the last
caudal vertebra to the atlas. It is separated from the longissimus by a strong septum and is
itself enclosed in a sheath, of great strength in the pedicle and abdominal portion of its course,
but becoming tenuous in the thorax. In the pedicle the muscle is present in two divisions, one
dorsal to the transverse processes, one ventral, this latter being the transversarius inferior of
Stannius. The muscle broadens in surface view to the middle of the pedicle, then gradually
contracts becoming a narrow band opposite the vulva, where the inferior division is greatly
reduced and merges with the body of the muscle. From this point it is continued narrow but
of very considerable transverse depth to the last rib. In its costal portion the muscle is thinner
but somewhat broader giving slips from its ventral margin to each of the ribs near their angles
as far as the first, where it enters the interval between the scalene mass and the trachelo-mastoid,
and is continued as a slender fasciculus to the transverse process of the axis, being placed immedi-
ately dorsal to the origin of the levator scapule. In this portion of its course it is distinct from
the intertransversarii dorsales and separated from them by the cervical insertions of the longis-
simus, having much the position and arrangement of the human intertransversarius lateralis
longus. The thoracic portion is considerably narrower than in Phocena where Stannius found
it expanding ventrad as a thin sheet as far as the origin of the obliquus externus. Rapp

1 Stannius, op. cit., p. 29.
2 Murie, op. cit., p. 282.
3 Murie, op. cit., p. 282 and figs. 67, 68.
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described it as an independent muscle — m. costalis, but Stannius concurs with Meckel in
assigning it to the system of the transversarius, which it continues forward upon the thorax.
The transversarius arises by a series of slips from the side of the last vertebra and from the
transverse processes of the caudal, lumbar and thoracic vertebre. It is inserted similarly by
slips into the transverse processes of more rostral vertebre and in the thoracic region into the
ribs. The inferior division in the pedicle has an analogous arrangement ventral to the trans-
verse processes, arising from the side of the last vertebrz and from transverse processes, insert-
ing into more rostral transverse processes. It becomes much reduced near the level of the
vulva and its remnant there merges with the portion situated dorsal to the transverse processes.

Tae UpPER ALIMENTARY TRACT.
(Plate LXIX, Fqig. 1.)

Cavum oris proprium.— In the absence of prominent alveolar processes, though in the
case of the maxille this requires some qualification, the dento-labial sulci may serve as the
boundary between the vestibule and the mouth cavity proper. The course of the sulci has
already been described. On dissection the inferior furrow was found to send ventrad into the
alveolar gutter of the mandible a low keel, to which the dental anlages were attached or at least
immediately adjacent. These were in general subhemispherical, about 1 mm. in diameter,
although a few were slightly elongate sagittally. In the midregion they were separated by
intervals about equal to the anlages in length, but towards the symphysis they were more closely
set. The caudal third of the series was damaged by a crushing of the brittle jaw which occurred
during dissection, so that their shape could not be satisfactorily determined. The total number
was about thirty. The superior dento-labial sulcus was deepened along the margin of the
maxilla, but had no dental anlages attached to it. These were contained in the cavity of the
maxilla, which in its caudal two thirds presented a corresponding convexity on its palatine
aspect, which would seem therefore equivalent to a alveolar process.

The floor of the oral cavity comprises the alveolingual region and the tongue. The alveo-
lingual region is very extensive and is the expression of the disparity in size between the tongue
and the wide arch of the mandibles. Its floor is wrinkled and furrowed, but upon depressing
the tongue and so stretching the mandibular pouch, these surface markings are effaced and
appear therefore to be but the accompaniments of the distensibility of the region.

The tongue is broad and squat, rising but moderately above the alveolingual region. It
has a length of 48 mm. and its greatest breadth is 24 mm. Its tip is free for a sagittal distance
of 11 mm. In spite of its great size the tongue comes far short of filling the enormous mouth,
and there is at its sides a space of 1 or 2 mm. between it and the mandibles, while its tip fails
of reaching the symphysis by 7 mm. Similarly between the base of the tongue and the faucial
orifice there is an interval of 6 mm. Here the floor of the mouth is depressed to a shallow fossa,
the mucosa of which is marked by fine grooves and ridges. This depression is situated entirely
rostrad of the hyoid. Its floor forms a prominence between the hyoglossi and is reinforced by
a local increase of the transverse lingualis. Its presence appears to be associated with the
feeble development of the radix linguz. These facts and especially its position seem to pre-
clude all attempt to bring it into any direct relation with the pharyngeal pouch of the elephant
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described by Watson.! There is no foramen coecum and no circumvallate papille are present.
The tip of the tongue is rounded, and has a thin crenate border covered by slightly roughened
epithelium. On the dorsum, from each end of this border a low ridge, rather rough and papil-
lated is prolonged for about half the length of the organ. Elsewhere the surface is very smooth.
The midline is marked by a depression which broadens at the tip, and only partially corresponds
to the vomerine ridge on the palate. The sublingua is represented by a triangular area on
the ventral surface of the free extremity. It is defined by two furrows which converge towards
the free margin which they fail of reaching by about 2 mm. Their terminal segments do not
meet but become parallel. They thus define a triangle the apex of which is produced into a
narrow strip. This latter is slightly depressed, while the triangle is convex and rises a little above
the adjacent surface. There is no frenulum, and no plica fimbriata. The tongue is very soft,
which depends in part upon the arrangement of the genioglossi and the interposition between
them of a considerable quantity of fat.

The roof of the mouth is narrower and more pointed rostrally than the floor, depending
upon the less development of the upper lips and their being overlapped in a considerable portion
of their course by the prominent margins of the lower. The palate in the region of the rostrum
is triangular attaining its greatest breadth in front of the temporal muscles. It then narrows
rapidly, a shallow depression being formed on each side, between the margin of the palate process
of the maxilla rostrad, the temporal muscle laterad, and the internal pterygoid mesad. This
is separated from the orbital aponeurosis by a small quantity of fat; its epithelium is pigmented.
Caudal of this the oral cavity is truncated by the transverse partition of the velum. The median
line of the palate is marked by a sagittal ridge in its middle third, which corresponds to the
ventral border of the vomer. This is bounded by two narrow concavities which run together
in front of the ridge and continue almost to the tip of the rostrum. Lateral to these and extend-
ing to the labial sulci are two broader convexities — the displaced alveolar processes. In no
portion of the oral cavity proper, nor in the vestibule could I find evidence of the presence of
salivary glands. ‘

. Fauces.— The fauces are drawn out to a narrow canal, measuring in length 13.5 mm. from
the oral orifice to the edge of the velum palati in the pharynx. Transversely the lumen is 4 mm.,
vertically it increases from a mere slit proximad to about 4 mm. distad as it joins the pharynx.
Its oral orifice is about midway between the roof and floor of the mouth, the latter deepening
to a shallow fossa between it and the tongue. The diaphragm-like plate that terminates the
oral cavity caudad is formed by the palatoglossus muscle, a tubular extension of which is pro-
longed upon the faucial canal. This passage after a horizontal course caudad for about half its
length, turns abruptly ventrad to reach the dorsum of the hyoid and again approaching the
horizontal enters the most ventral portion of the pharynx to the right of the epiglottis. Its
wall appears faintly granular under a lense, which is probably due to the presence of glands.
I found no trace of a tonsil.

Pharynx.— As compared with the narrow fauces and cesophagus, the pharynx forms a marked
dilatation of the alimentary canal, in the transverse as well as in its dorso-ventral diameter.
It attains its greatest breadth between the hyoid bars; rostrad it is contracted between the
auditory bulle, here resting against the basis cranii and forming a funnel-shaped approach to

1 Watson, M. Contributions to the anatomy of the Indian Elephant (Elephas indicus). P. XIII, The Head. Jour. Anat. and
Phys., Vol. 8, 1873, p. 85. Vide Weber, Die Saugetiere, 1904, p. 722.
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the choan®. Caudad it diminishes more gradually as far as the thyroid cartilage, but opposite
to it it abruptly narrows to join the cesophagus. The maintenance of its transverse diameter
in the region of the laryngeal junction stands in relation to the great breadth of the trachea.
The interior of the pharynx is profoundly modified as a consequence of the retrovelar position
of the epiglottis and the concomitant lengthening of the fauces to a tubular passage, the bucco-
pharyngeal canal of Turner. This latter depends for its formation upon a lengthening of the
velum palati, which projects far caudad into the cavity of the pharynx terminating as a crescentic
fold, the horns of which prolonged upon the sides of the pharynx are the arcus palatopharyngei.
In the Odontoceti these are prolonged upon the dorsal wall of the pharynx forming a muscular
annulus palato-pharyngeus (Riickert). In this feetus the annulus is not circular, but rather
pyriform with the wide end rostrad. Caudad the narrow part of the annulus is formed by a
thick muscular ridge of the dorsal wall, prolonged upon the sides by fairly well defined ridges,
which can be followed to the back of the hyoid beside the epiglottis. They owe their promi-
nence chiefly to deep sulci at their caudo-ventral margins, which separate them from the larynx
which between them rises into the pharynx. The position of this ridge would suggest that its
muscular basis is a specialization of the middle constrictor, rather than an extension of the
palatopharyngeus. The annulus in this feetus is therefore composed of two crescentic ridges,
with their cornua approximated but not actually continuous, nor even in line with one another.
The dorso-caudal crescent embraces the arytenoids, the ventro-rostral corresponds to the epi-
glottis but abutts closely upon it only in front and on the left side. A low oblique ridge extends
from the velum to join the horn of the dorso-caudal crescent opposite the interval between
arytenoid and epiglottis. Their junction is marked by a small triangular elevation. This ridge
defines the region of the faucial orifice, in which is also contained the base of the epiglottis. The
position of the larynx is already asymmetrical and a rod passed into the fauces here emerges
to the right of the epiglottis. Dorsal and caudal to the oblique ridge the lateral wall is concave
and on the left side shows the impression of the arytenoid cartilage. This concavity is limited
in front by a ridge which broadens ventrad, there forming a broad elevation upon which termi-
nates the short arcus palatopharyngeus. Carte and MacAlister have noted the absence of the
uvula in B. rostrata (= acuto-rostrata), an- observation confirmed by Turner, and also true of this
feetus. The former authors describe a ““peculiar, preépiglottic hoodlike fold”’ which they found
capable of being drawn over the epiglottis and inferred that it covered and protected the larynx
during deglution. Turner states explicitly that no such fold was present in his specimen, but
a comparison of the figures ! leaves no room to doubt that both he and they had before them
the same structure, which Turner correctly designated velum. That he failed to recognize in
it the peculiar hood-like fold of Carte and MacAlister was in part due to their conjecture as to
its function, but especially to their location of the faucial orifice dorsal and not ventral to their
fold. In this, I believe, they were grossly mistaken, and that the probe in their illustrations does
not follow the faucial passage but is thrust through the velum itself. A consideration of the
position of the velum between the faucial canal and the pharynx reveals the possibility of such
an error, especially if they were dealing with material advanced in decomposition — fourteen
days elapsed between the capture of the whale and the beginning of their dissection.

As has been said, the faucial passage is not straight, but curves sharply ventrad in its caudal

t Carte and MacAlister, op. cit., pl. vi, figs. 5-9.
Turner, op. cit., pl. viii, fig. 31.
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portion to reach the dorsum of the hyoid. In consequence the faucial surface of the velum does
not form a simple plane, but conforms to the direction of the canal. It is at first nearly hori-
zontal, it then slopes caudad and ventrad, and finally becomes horizontal again and, forming the
crescentic fold described above, projects into the pharynx as a horizontal shelf. Its dorsal
surface has a corresponding relief, with this difference, that at the junction of the first hori-
zontal plane with the sloping portion a prominent transverse ridge is formed. This ridge cor-
responds to the caudal border of the tensor palati, though it is rendered more prominent by a
diminution in the thickness of the mucosa behind it. From the ridge rostrad the velum forms
a continuation of the floor of the nasal fossa continuing the plane of the palate. Caudal to the
ridge the dorsum of the velum is deeply concave, forming a shallow bay or sinus, which extends
distad to the shelf-like margin of the velum. Laterad the sinus involves the wall of the pharynx
and attains considerable depth above the arcus palato-pharyngeus. In Carte and MacAlister’s
plate vi, fig. 6, the sinus and its limiting folds is tolerably well shown, and the probe, I believe,
passes through its fundus to enter the mouth.

In the muscular wall of the pharynx Turner ! found ‘“at least two pairs of constrictors”
arising from the hyoid and thyroid, nor could I find evidence of the presence of the superior,
the internal pterygoid serving only to attach the very strong fibrous tissue of the pharynx, but
giving it apparently no muscular fasciculi, nor could I find any of lingual origin. The inferior
constrictor arises from the whole lateral or dorsal margin of the thyroid cartilage including its
posterior cornu, and is inserted into the dorsal raphé of the pharynx. The rostral fasciculi were
transverse and not clearly to be distinguished from those of the middle constrictor, so that the
two muscles appeared to blend rather than overlie one another. This blending was due to a
fibrous arch passing from the middle to the inferior constrictor, dorsal to the entrance between
them of the glossopharyngeal nerve and stylopharyngeus muscle, and the fasciculi arising from
this arch effectually closed the gap between the constrictors. The most caudal fasciculi from
the posterior cornu have a very oblique course, ascending to their insertion. In their course
they are nearly independent of the rest of the muscle and overlie the fasciculi from the base
of the cornu. These fasciculi from the two sides make a V open caudad, at the apex of which
the cesophagus emerges. As the origin of this muscle is much larger than its insertion, it is
necessary that it become condensed on the dorsum of the pharynx, and this is secured by the
ascent of its caudal fasciculi. The middle constrictor arises from the hyoid bar close to the
cranium and thence radiates to the dorsum and side of the pharynx. Its most rostral fasciculi
terminate with a very definite edge upon the pharyngeal aponeurosis at some distance from
the pterygoid. The pharynx has a maximum length from the hard palate to the beginning of
the cesophagus, of 32 mm. The greatest breadth of its lumen, just rostrad of the hyoid bars,
is 13 mm.; its greatest dorso-ventral height, 12 mm.

(Esophagus.— From its emergence between the oblique portions of the inferior constrictors
to its termination in the first stomach, the cesophagus has a length of 67 mm., of which 10 mm.
belong to its abdominal segment. In the neck and mediastinum to the point where the aorta
gains its left side, it is engaged between the hypaxial muscles and the trachea, and is dorso-
ventrally flattened to such a degree that its lumen is reduced to a transverse slit with its walls
in contact. Its greatest breadth is 4.5 mm. Where it is in contact with the aorta on the left

! Op.cit., p. 224. See also to the same effect Carte and MacAlister, op. cit., p. 245.
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it rather abruptly alters its shape, the left margin being displaced to make room for the descend-
ing aorta, while the right continues straight. Here the section becomes oval, the dorsoventral
diameter slightly exceeding the transverse. This form it retains until it begins to move ventrad
from the spine as it approaches the diaphragm. Here its section is circular and continues so
to its termination. Its diameter is 3.5 mm., and that of its open lumen is 2 mm. Here also
it shows the presence of low longitudinal folds.

THE RESPIRATORY PASSAGES.
(Plates XLIX, Fig. 1, and LVI, Fig. 2.)

Nasal fossa: (by John D. Kernan, Jr.). It is convenient for purposes of description to
distinguish between a respiratory passage and the olfactory region. The latter forms a sub-
spherical diverticulum from the dorsal wall of the respiratory passage.

The respiratory passage is tubular, compressed from side to side, and is directed in a greater
part of its extent obliquely rostrad and dorsad. At the margin of the nasal bone its direction
changes, swerving dorsad almost vertically to the narial aperture. This passage has been
divided by Weber into proximal and distal portions, the nasal and naso-pharyngeal ducts, which
correspond approximately to the precerebral and subcerebral portions of de Burlet and other
authors. The rostral limit of the cerebral cavity in this fetus lies in the same transverse plane
as the crista semicircularis so that the whole olfactory region belongs to the pars subcerebralis.

The precerebral portion is about half as long as the subcerebral portion. It is more com-
pressed from side to side and its lateral wall presents a somewhat complicated relief. This
depends upon the presence of the ‘‘Spritzsack,” an oblique diverticulum which attains consider-
able depth above the level of the osseous paries. Toward the interior of the fossa the diverti-
culum diminishes in depth, becoming a shallow furrow. It is bounded by two prominent folds,
which with the diverticulum have a spiral course. The rostral fold at the narial aperture is
broad and forms the lateral lip of the naris, here lying dorsal to the diverticulum and forming
its roof. As it is traced into the respiratory passage it diminishes in height and terminates by
passing upon the septum. It thus describes a spiral from the lateral to the mesal wall of the
passage, crossing the rostral paries in a ventro-mesal direction. The second fold belongs to
the caudal and lateral walls, upon which it descends ih a semicircular course, and in its whole
course occupies the concavity of the first fold. Toward the narial aperture it forms the floor
.of the “Spritzsack.” It owes its prominence and direction to the cartilago cupularis and forms
a cushion upon which the first spiral fold is molded, and against which it becomes firmly coapted
when pressure is made upon the narial region from without. The arrangement of these folds
would thus seem to secure the effectual closure of the respiratory passages when the animal
is submerged. The furrow which separates these two folds at its termination upon the septum
forms a shallow fossa, which corresponds in position to the open groove in which de Burlet
recognized the rudiment of Jacobson’s organ. Ventral to the nasal bone the lateral wall of the
respiratory passage is concave, save for a longitudinal ridge situated midway between roof
and floor. This has a length of 5 mm., a breadth of 1.5 mm., and a height not exceeding 1 mm.
It is the expression of a ridge in the cartilaginous wall of the nasal fossa, and is probably the
equivalent of the naso-turbinal. Its ventral margin is slightly undermined by a corresponding
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sulcus. The remainder of the respiratory passage, the naso-pharyngeal duct, is a smooth-walled
tubular cavity in which the transverse diameter somewhat exceeds the dorso-ventral.

The olfactory region communicates with the respiratory passage by a narrow slit-like ori-
fice between the broad septum nasi mesad and the crista semicircularis laterad. On the removal
of the septum, the crista semicircularis is seen as a sharp falciform margin at the rostral limit
of the olfactory region. The dorsal cornu extends to the cribiform plate; the ventral cornu
is directed ventrad and caudad, becoming continuous with the maxillo-turbinal which forms the
ventral limit of the olfactory region. Lateral to the crista and maxillo-turbinal is a deep narrow
depression, the undivided recessus lateralis inferior. The dorso-lateral limit of this recess is
formed by the ““Sammelleiste,”” (de Burlet), a ridge of cartilage covered by mucous membrane
extending from the crista semicircularis to the lamina transversalis posterior, which forms the
caudal limit of the communication between the olfactory region and the respiratory passage.
The space above the ‘“Sammelleiste’ is divided by the vertical ridge of the first ethmo-turbinal
into a caudal recessus posterior and a rostral depression, the recessus lateralis superior. This,
as its name implies, is a laterally directed diverticulum of the olfactory region; its fundus, how-
ever, is prolonged caudad into a deep recess on the lateral aspect of the first ethmo-turbinal.
In its depth are visible two diminutive oblique fronto-turbinal ridges. Of these the second
is considerably the smaller and is wholly concealed in median view by the first ethmo-turbinal.

The recessus posterior or ethmo-turbinal region is smaller than the recessus lateralis. Its
rounded fundus occupies the cupula posterior of the nasal capsule. Its orifice is contracted
and bounded rostrad by the first ethmo-turbinal, ventrad by the lamina terminalis, dorsad by
the cribiform plate, caudad by the free edge of the mesal wall of the cupula posterior. Its
lateral wall shows the presence of a well developed third ethmo-turbinal, between which and the
" first of the series a rudimentary second can be detected.

Larynx.— The larynx conforms so closely to the descriptions of previous writers that it
here requires but passing notice. The elongated epiglottis rises high into the pharynx, its
enlarged extremity lying above the level of the velum. Rostrad it is connected to the hyoid
by a prominent hyo-epiglottic fold of mucous membrane (Turner). On its caudal surface I
could find no trace of a Czermak’s cushion such as Turner describes. This surface is deeply
grooved axially and the lips of the groove are elevated to high triangular folds, which passing
lateral to the free rostral margins of the arytenoids, diminish in height and are attached to their
lateral surfaces. The arytenoids are high and broad, but very thin and leaf-like. Their dorsal
margins are united in about half their extent, the ventral free and boldly curving. The free
margins were closely approximated in this feetus, but not adherent and fitted in between the
high ary-epiglottic folds described above. There were no vocal cords. The muscles and the
cricoid cartilage I did not examine.

Thyroid cartilage.— The thyroid cartilage consists of two symmetrical halves which have
not yet fused in the median line, but are closely united by a narrow plate of connective tissue.
In general shape it resembles Carte and MacAlister’s ! figure much more closely than Turner’s,?
but departs from both considerably. The lateral margin is distinctly concavo-convex and serves
to give attachment to the inferior constrictor. Its length is 17 mm. The mesal margin, 6.5
mm. in length, was for rather more than half of this distance united with its fellow. Caudad

1 Carte and MacAlister, op. cit., pl. v, fig. 5.
2 Turner, op. cit., pl. viii, fig. 36.



SCHULTE,_SEI_WHALE. 437

there is a deep notch between the diverging borders. The rostral margin passes laterad and
rostrad in a slightly concave course to the anterior cornu,
which is but a pronounced angle at the junction of the
rostral and lateral borders. The caudal margin is deeply
concave between the great posterior cornu and a mesal
process which marks its junction with the median border.
To this process and the whole caudal margin is attached
the muscle of the laryngeal pouch (M. thyreo-arytenoideus,
Dubois?). The posterior cornu is rounded, directed caudad
with a mesal concavity and has a length of 11.5 mm.
Mesad it gives origin to the crico-thyroid, dorsad to the in- . : _ _
ferior constrictor. The thyro-hyoid arises from the anterior Orilﬁ; 5(;f t{‘;ﬁgﬁ‘;‘ofggﬁﬂagz ég;ﬁazfsﬁiﬁé;
cornu, the lateral half of the rostral border and the adjacent constrictor. 3, Insertion of sterno-thyroideus.
. . . 4, Insertion of circo-thyroideus. 5, Origin of
ventral surface. The sterno-thyroid has a wide insertion muscle of laryngeal pouch.
into the ventral surface and lateral margin in the angle
between the attachments of the thyro-hyoid and inferior constrictor muscles.

Laryngeal sac.— The laryngeal sac in this feetus has a length externally of 18 mm., a breadth
of 11 mm. Its wall is very thick, its lumen a transverse slit. This has an elongated communi-
cation with the larynx through the gap in the cricoid and between the bases of the arytenoids.
Its dorsal wall is attached in its whole length, rostrad to the cricoid, caudad to the tracheal rings,
so that its fundus is not free as in Dubois’s figure of Balena. This connection is by muscular
fasciculi. The muscle of the pouch, which Dubois considers to be the thyreo-arytenoideus
on account of its innervation by the inferior laryngeal nerve, arises from the caudal margin
of the thyroid cartilage and the ventral borders of its posterior cornua in their whole length.
The superficial fasciculi radiate from the mesal process of the cartilage; the rostral are trans-
verse and disappear beneath the cricothyroid muscles; the intermediate are oblique and turning
round the sides reach the cricoid cartilage; the caudal are nearly longitudinal and insert upon
the rings of the trachea as far caudad as the origin of the right eparterial bronchus. While many
surmises have been made as to the function of this sac, I do not remember to have seen it sug-
gested, that by its contraction and relaxation during submergence, a circulation of air in the
wide trachea and bronchi might be set up, which would favor the absorption of oxygen by bring-
ing the air in these passages more rapidly into contact with the respiratory membrane than
could be done by the usual diffusion currents.

Trachea.— The trachea is short and wide; dorsally it is flattened against the cesophagus.
Its external dimensions are as follows: length 9.5 mm.; breadth, rostral to right apical bronchus,
9 mm.; caudal to same 8 mm.; dorsoventral diameter 6 mm.; length to origin of right apical
bronchus, 6 mm. As in the other members of the order, the cartilaginous wall is very com-
plete, the rings being close-set and séparated only by narrow intervals. The rostral ones as
Dubois ? and Miiller * have observed are continuous with the lamina of the cricoid cartilage.
Ventrally the ends of these rings are widely separated, the wall being completed by membrane.
This condition obtains in almost the whole extent of the laryngeal sac. Rostrad the membrane

! Dubois, Eug. In Weber’s Studien iiber Siugethiere, II, p. 101 D. Jena, 1886.
2 Dubeois, E., 0p. cit., p. 92.
3 Miiller, O., op. cit., p. 197.



438 SCHULTE, SEI WHALE.

is continuous with the cricoid cartilage, between the ventral bars of which the sac communicates
with the larynx. Caudad the membrane diminishes in width terminating by a pointed extrem-
ity at the level of the origin of the right apical bronchus. From the end of the membrane a
shallow groove, convex to the right, is continued to the angle of the bifurcation. Along this
groove the ends of the tracheal cartilages are in contact but not fused, so that in this feetus there
are no complete rings. The number of those intervening between the membrane and the bifur-
cation is only three; of those with ends widely separated by the membrane, five. This condi-
tion of incomplete rings throughout agrees with Dubois’ statement for Mystacoceti in general.
On the other hand in B. anttpodum (Beauregard and Boulart ') there are only three rings which
are not closed ventrally and in B. musculus Miiller finds that out of seven or eight rings
only five are incomplete. As regards B. rostrata (= acuto-rostrata) Carte and MacAlister’s?
statement is incomplete, but their description I take as meaning that at least one complete
ring is present. Turner® describes in B. sibaldii three ‘‘somewhat irregularly formed carti-
laginous hoops immediately above the bifurcation.” In the illustration of his plate viii, fig. 37,
the ventral ends appear in contact but not fused. On the left side there are five free tips abut-
ting on the membrane, on the right six, one being a small bit of cartilage opposite the tracheal
bronchus. In the same species Beauregard and Boulart describe five open rings. The first
and second are connected to the right of the median line, and similarly the third and fourth
to the left.

Bronchi.— Only their extra-pulmonary portions are here considered. The tracheal, or right
apical bronchus, is given off just caudad of the apex of the lung and immediately enters its
substance, the lung filling the angle between it and the right stem-bronchus so completely, that
only along its lateral aspect can it be said to be extra-pulmonary, and here it is lodged in a deep
groove in the lung. Its diameter is 3 mm. The bifurcation is concealed by the arch of the
aorta. The stem-bronchi diverge slowly and are in contact by their mesal walls as far as
the level of the right pulmonary artery. The right then curves strongly dextrad and enters the
lung under cover of the artery, having the pulmonary veins below it at the turn, though the
upper vein soon passes to its ventral surface. The left primary bronchus takes a longer and
more oblique course to the hilum, passing dorsal to the right pulmonary artery. At its entrance
the left artery is rostral to it as is also the left upper vein, the remaining two pulmonary veins
on this side are caudal to it. The right primary bronchus measures 4.5 mm. in diameter, the
left 4 mm.

TrE THORAX.
(Plates XLIX, Figs. 2 and 3, L.)

The thorax is broad and deep, approaching the keeled form ventrally, the dorsoventral
diameter apparently exceeding the transverse, though in consequence of the distortion of its
right side but little reliance can be placed upon its proportions. The rostral closure of the
cavity, inside the arch of the first rib, is largely effected by the great rectus-scalene muscle-
complex, between the diverging arms of which the dome of the pleura is embraced, there being

! Beauregard and Boulart. Jour. de ’Anat. et de la Phys., T. 18, p. 623.
2 Carte and MacAlister, op. cit., p. 243.
3 Turner, W., op. cit., p. 236.
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left beyond the dome a pyramidal space containing fat. The existence of this space would
suggest that the recession of the apices of the lung was due to intrinsic causes, and not primarily
to the shortening of the neck or the great development of muscles in this situation. Ventrally
are the sternohyoid and sternothyroid muscles; the triangular interval between them and the
scalene gives passage to the great vessels, vagus and phrenic nerves, and is covered superficially
by dense cervical fascia. The space thus defined though large is no more than adequate for
the passage of the cesophagus, trachea and laryngeal sac. Caudad the diaphragm is attached
ventrally between the ends of the sixth ribs, thence ascending in the midline to the fourth space.
To this ascending slope is attached the pericardium. From the postcava the diaphragm slopes
dorsad and caudad attaining its most caudal point at about the middle of the last rib. This
division of the diaphragm into two sharply defined planes meeting at an angle, appears to be
a foetal condition dependent upon the unexpanded condition of the lungs.

Pleuree.— The dome of the pleura is lodged in the interval of the scalene-rectus complex,
rising high in the first space, but not reaching the caudal margin of the first rib. Here the pos-
terior thoracic artery and accompanying vein cross its summit. The reflection of the pleura
dorsally follows the margin of the rectus capitis anticus major, overlapping its ventral surface
increasingly caudad, and this more on the right side than on the left, to reach the beginning
of the descending aorta. From this point the sacs of the two sides are in contact and their
reflections cross the aorta obliquely, passing from its right to its left side as they proceed caudad.
On the diaphragm they are separated by the pericardial attachment, coming together again
upon the ventral thoracic wall and so continuing to the first space, there passing transversely
laterad to the posterior thoracic artery along which they ascend to the dome. On account
of the obliquity of the diaphragm the pleura extends farther caudad dorsally than ventrally, and
reaches farthest caudad in the angle of the diaphragmatic origin, between its attachment to the
last rib and its lateral crus. ‘This point is at about the middle of the rib, and is distant 76 mm.
from the dome of the pleural. Ventrally in the midline the extent of the pleura is 43 mm. and
in the approximate dorsal midline, along the aorta from the beginning of its descending portion
to the hiatus aorticus, it is 46 mm. The pleural sacs are widely separated at the rostral thoracic
aperture by the great size of the mediastinal complex as it passes into the neck, especially the
trachea and the laryngeal sac. A well defined ligamentum latum descends from each hilum to
the diaphragm. _

Lungs.— The lungs are long and rather narrow, attaining their greatest vertical breadth
at the junction of pericardium and diaphragm, where an angle is formed in the ventral margin.
Beyond this they narrow slowly by the retreat of the ventral margin and are abruptly truncated
caudad. As the ventral margin turns here to an approximately transverse course a small angular
projection is formed, which is the most caudal point of the lung. Mesal to this the margin
ascends slightly cephalad before becoming transverse. From the angle at the pericardio-
diaphragmatic junction caudad the margin is very sharp and is formed by a narrow fold of
visceral pleura, into which pulmonary tissue has not extended and which is translucent when
held to the light. The rostral portion of the ventral margin is thick and rounded, extending
to the apex with a sinuous course. At the sides of the pericardium it is concave, as is also the
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