XX—~ON THE DEVELOPMENT OF THE CETACEA, TOGETHER
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INTRODUCTORY.

ceThZ acquisition of materials for the prosecution of the study of Cetg,-
fortuy evelopment is attended with diﬁicultie§, and the student who is
Vanee ril)‘ te enough to have access to a rare series of even pretty well ad-
dODsi a embryos, measuring from 1 inch up to 5% m-ches long, may }vell
Whep ;: how precious and important such materials are at this time,
igh )le study of the development of living forms has taken s-;uch a
o n;t ace 28 a part of the proper scientific method to be applied b_y
of extre‘ll‘ahst; to the resolution of questions of affinity and the genesis
o) a0 structural modifications. .
¢ following notes, interspersed as they will be with reflections
i Very brior

] f()“()win
Ukes of 3 8t

Q
Velopne

and imperfect slketch of the contents of this paper has appeared under
itle: “On the probable origin, homologies, and development of the
“taceans and Sirenians.” (Am. Naturalist, May, 1885, pp. 515-519.) The

ore, vi n.t of the mammary glands has also been more fully discussed by me else-
genita,’]' 'z in 2 paper entitled, ‘“ On the development of the mammary glands and
[llni()f the Cotacen.” (Bull. United States Fish Commission, Vol. V, 1885.)
427
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upon the significance of this or that peculiarity of the external or in-
ternal conformation of the different parts of these creatures, as com-
pared with similar or homologous parts in normal mammalia, and in
the aquatic Sirenia and amphibious Pinnipedia, it is hoped may help us
to better understand the question of the affinities of these organisms,
and perhaps afford us a slightly clearer insight into the method of
phylogeny, as its obscure lines converging backwards in time, are here
and there brought ovt a little more distinctly, by some of the con-
clusions which may be drawn from anatomieal and ontogenetic investi-
gations. If the view here advocated, that the flukes are probably the
degenerate homologues of hind feet (not the homologues of the whole
hind limb, as was held by Gray and even earlier authors) at first seems
improbable, such a view may, I venture to think, impress the fair-
minded student as being a little nearer the truth than the compara-
tively modern assumption universally sustained up to the present year
by the most eminent of living morphologists, amongst whom must be
named Huxley, Flower, Claus, Owen, and Parker, that the hind limbs
of Cetacea have been totally suppressed or atrophied outwardly, thus
leading to the avowed or tacitly admitted conclusion that the Slukes, like
the dorsal fin, are appendages which have been secondarily acquired or
added to the morphological combiration presented by the Cetacean organiza-
tion, and are not to be considered as representing, as scems to me far
more probable, the last degenerate vestiges of the distal portions of
primordially functional hind limbs.

‘What has led me to the preceding conclusions are the general 1aws
which seem to preside over limb development within the limits of the
Vertebrata, together with the results of a consideration of the effects of
certain degenerative tendencies accompanied by functional changes
and adaptations manifested in definite directions, as seen in all Ceta-
ceans, Sirenians, and Pinnipedia.

These views have been reached quite independently of any which
have been previously expressed to the same or similar effect by other
authors, and it was not until I had fully thought over the problem,
with such evidence as was then in my possession, that I ventured t0
express my conclusions to my friend, Professor Gill, who at once agreed
with me in the main, and who then stated that he had actually pub-
lished an opinion upon the subject in a lecture® delivered in the winter
of 1882. Professor Gill has also been kind enough to write down for me
the following statement of his views: ¢ These characteristic struct-
ures are in my opinion derived from greatly hypertrophied integuments
of hind limbs analogous to such as are developed, for instance, to the
hind limbs of the eared seals, while the osseous elements have been
inversely atrophied, pulled forward, and reduced to supports for mus-
cles connected with the organs of generation.”

I
, * Scientific and Popular Views of Nature Contrasted, a lecture delivercd in the
National Museum, March 11, 1882, pp. 10-11. Washington, 1882, Judd & Detweilet
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It now remains for me to present the data and the conclusions to be
flrawn therefrom in support of the hypothesis stated at the outset, and
In order to render the evidence as conclusive as possible it will be nec-
essary to consider the subject under discussion, first, in relation to the
organization of the adult whales, compared with that of the Pinnipedia;
Becondly, in relation to the modes of development of the marine and
lang mammals, entering into the discussion of special sets of structures
and their bearings upon the questions involved.

I“THE CONTRASTS BETWEEN THE MARINE, AMPHIBIOUS, AND TER-
RESTRIAY, MAMMALIA.

(1) External form.—As remarked by Huxley, in the Cetacea ‘*¢the
form of the body is still more fish-like than in the Sirenia.” Thisis a
trait especially well marked in the existing genera Physalus and Leuco-
"hamphus, in which the caudal peduncle is vertically expanded as in
ffshes, with high carina on the dorsal and ventral aspects. This fish-
!‘ke Physiognomy is intensified by the development of the median dorsal
Integument into a rigid fin-like integumentary fold, filled up with tough
hon-contractile connective tissue, and with adipose cells filling in the
Imeshes between the fibers. There is a superficial layer of very tough
ﬁbel‘sljust under the integument, which runs parallel with the anterior
SI_ODiDg border of the fin. The medullary fibers are for the most part

18posed horizontally and constitute the bulk of its middle or central
Substance. Blood-vessels, and probably nerves, enter the base of the

1, and transverse its medulla in the plane of the vertical median line
of the body, not being evident superficially.

Beyond their outward resemblance they have no morphological like-
Dess to the mobile dorsal fins of fishes, which are actuated by paired
Muscles derived from the embryonic metameres.

This fin is also of less morphological importance in the organization
;’f the Cetacea than the flukes, for, while the latter are never wanting
1 any known form, the dorsal fin is absent in Balena, Rhachianeotes,
'Ag“Pkelus, Neomeris, Beluga and in all Sirenians; rudimentary, or only
f}l;zsent as a ridge or as a hump, as in Megaptera, Physeter, Inia, Leuco-
"}phus, Platanista; and moderately developed in Berardius, Orcella,
isogw’ l?hysalus, and Sibbaldius. These factsindicate that the dorsal fin
ﬂnlli);mlologically of subordinate importance in comparison with the
It.also begins to develop in the embryo only after the flukes are
°°n81flerably advanced, thus showing that it is an organ which has been
a‘:;lv‘:ll‘ed after the latter. In some forms there is a carina extending
o) ards in the embryo as far as the front of the permanent dorsa..l ﬁl-ll.
I'ea‘nprobably })y hypertrophy of the anterior part of this carina, which is
’ ¥ a mere integumentary fold, that the dorsal fin of adult cetaceans

8 been developed.

The fusiform, head, body, and tail combined, is obviously the result



430 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [4]

of extensive modifications of the original type from which the existing
cetaceans have descended. 1t will be observed that the central axis of
the head, trunk, and tail in adult cetaceans, as in fishes, are continua-
tions of each other, that is, the head is not bent downward on the neck,
and the latter thrown upwards at an angle to the trunk, and the tail
bent downward as in other Mammalia; that this was not the original
form of the cetacean body seems to be supported by considerable
embryological evidence.

(2) Affinities of COetaceans.—Huxley, with his usual insight into the
probable relationship existing between livin g forms, holds to the opinion
that the Phocodontia (Zeuglodon, &c.), constitute the connecting link be-
tween tho existing Cetacea and the aquatic Carnivora, their cervical
vertebrze being free and unanchlylosed. The nasal bones, though ab-
breviated, are longer than those of any other Cetacean; consequently the
external nareal opening was more nearly terminal and normal in posi-
tion than in existing forms. ¢ The scapula appears to have had a spine
and acromion like that of manatee.” ¢« The humerus is compressed
from the side, and has true articular faces upon its distal end, although
they are of small size.” It is, cousequently, to be inferred that there
was greater freedom of motion of the antebrachium upon the brachinm,
and that the flexor and extensor muscles of the forearm were better de-
veloped than in the existing species. Others are inclined to doubt the
fact that the elbow-joint of Phocodontia possessed greater mobility than
that of the existing whales. The molar teeth of the Zeuglodontia OF
Phocodontia also resemble those of certain Pinnipeds more than they do
the posterior portion of the series in any existing Cetaceans.

The embryological evidence is quite as conclusive as the paleontolo-
gical in favor of the idea that the extremely specialized existing whales
and porpoises have descended from at least amphibious, if not terrestrial
four-footed carnivorous mammals. As in the embryo of the walrus,
nearly 3 inches long, Fig. I1I, the young porpoise, Figs. I and II, it8

S v
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.

Fie. I.—Femasle fatus of some Delphinoid form, from the side, natural size.  (N. M. coll. G8-73. Lo~
cality not known.
F16. I1.—Tail of the same scen from above.
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F10. TI1.—_Feotal walros from the side, natural size. Aftor Allen, Proc. Acad. Nat. Seci., Phila., 1880, p.
- From a spocimen obtsined by Dr. I. I. Hayeas.

head bent downward at an angle with the trunk, and there is a per-
ceptible neck or cervical constriction, indicating, as it seems to me, the
affiliation of the two types with each other by descent from a common
8tem-form in which the head was differentiated from the body by a neck.
his conclusion is still further supported by the pronounced fusiform
Shape of the neck, trunk, and tail combined, as seen in both types of
®mbryos,
The external genitalia are far in advance of the insertion of the hind
mb%in the embryo walrus when compared with other embryo mam-
Tals, as, for example, with the cat, Fig. 14, Plate I, where the external
8enitalia are visible between the hind limbs instead of in front of them
On the median line. It would thus appear that the acquisition of the
Usiform or fish-like body so characteristic of Cetacea and Pinnipedia
48 entailed o number of changes or alterations in the morphological
Telations of contiguous parts.
his is shown very forcibly in the development of the tail, which has
3Ctually been hypertrophied in the Cetacea if the hypothesis that they
.isat]?re had a four-footed ancestry is correct. The tail of some of the ex-
th ng Cetaceans contains about the same number of vertebrz as that of
© 8ea-otter, Enhydris, but the extent to which its vertebre and muscles
4ve been hypertropbied in the former is nowhere approached within
o © limitg of the Mammalia. None of the seals appear to have as many
9udal vertebrm as the otters or Cetacea, and in the living Pinnipedia
fre is some evidence of caudal degeneracy which has been accom-
f{:‘:led by another process, namely, the inclusion of more than half of
intecaUdal segments of the spinal column by the adjacent parts and the
a gument, so that only the very short extremital portion of the tail is
PDarent externally. .
1 Histriophoca there are 18 caudals, in the fur seal 7. In many ce-
eveeans they may somewhat exceed 25, including the sacrals, and may
¢ el’} Dumber 35 when the latter are included in the estimate. In Castor
Verse are 23, but in this case the segments are depressed and the trans-
Withe Processes are greatly developed. Enhydris has 20 caudals,..‘u
o8 S_a’crals, with only feeble transverse processes as compared with
sp © in the tail of Castor, where they are probably dependent upon the
€cial function of the tail for their pronounced development. In the

tac
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QCetacea, the transverse and vertical processes (neural and hamal arches)
reach a more nearly equal development respectively, but they are well
marked to nearer the end of the caudal series of segments than in other
mammals, obviously in correlation with the subdivided tendons and
penniform muscular slips into which the vast caudal musculature is
broken up in these animals. '

(3) Translocation and inclusion of the hind timbs, and their degeneracy—
Upon comparing the relation of the hind limbs to the tail in Fissipedit,
Pinnipedia, and Cetacea, certain very striking facts are brought tO
light, the most important being that the limbs grow out and are pro-
gressively pushed backwards distally, in the series included by two of
the above-mentioned groups, so that while the proximal parts, such a8
the pelvis and femur, retain their normal position in relation to the
sacral region of the spinal column, the bones of the crus and foot are
carried backwards, the proximal parts being involved by the contiguous
soft parts and lost to sight externally.

This view it will be seen receives support upon comparing the posi-
tion of the hind limbs of an embryo cat (fig. 14, pl. I) with that o the
walrus (Fig. III). While it must be borne in mind that the tail of the
walrus has undergone considerable degeneration, the cat has retained
the primordial extension of the caudal appendage, but the tail even int
this last instance has suffered degeneracy in volume or rather in diam-
eter, and represents a condition which is far more rudimentary than
even in the Reptilia, caudal degeneracy having apparently begun in the
latter and Amphibia, unless we except the extremely specialized gephy-
rocercal fishes, such as Mola. The tail of vertebrates in reality rep-
resents a part of the body from which the body cavity and digestiv.e
canal has retreated forwards, for in all forms, the chorda, medulla spl-
nalis, and mesenteron are at some stage practically conterminous pos
teriorly.

But even when we leave out of consideration the fact of caudal dé
generacy, there is a residuum of other facts indicating that the liml.?s
of pinnipeds have had their proximal parts included and that even 1
the embryo there is no joint of the leg visible outwardly except the
ankle. This has carried the point where the embryonic hinder lim})'
fold first appears, farther back in relation to the pectoral limb than 12
the embryos of normally-developing Oarnivora, of which the cat is th®
type. While the femur is directed forwards in the Pinnipeds, the crus
and the foot are extended backwards, so that the legs become tied pack-
wards, so to speak, by the integument and flesh in front of them. In
the cat’s embryo the joints of the limbs externally apparent, in an ever
less advanced one than that of the walrus here figured, are the ankle
and knee joints of the hind limb, and there is nothing of that backwar
inclination of the proximal part of the limb as in the walrus and ot1€¥
Pinnipeds.

It is this backward inclination and inelusion of the proximal parts of
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the hind-limbs of pinnipeds which gives them an apparently longer
trunk, a relatively wider interval Letween the fore and hind paivs of
limbs. The backward inelination of the proximal ends of the hind limbs
and their inclusion, together with the anterior part of the tail within or
below the integumentary organs, also favors the develepment of the
fish-like or fusiform aspect of the backwardly tapering thorax and abdo-
men, which will be intensified just in proportion as this process is
carried to an extreme, as it seomingly has been in the Cetace.

To generalize from what the foregoing data tend to show, it may be
said that, in normal Carnivore there has been no tendency.to include
the femoral and crural parts of the hind limbs together with the tail,
wherens there has been such a tendency in the Pinnipeds, leaving only
the tarsal and pedal parts of their hind limbs exserted, so that the
Primnary horizontal limb-folds bave in consequence grown out farther
back than in the embryos of terrestrial mammalia. In other wouds, tho
exserted terminal part of the hind limb of the pinnipeds has been trans-
!Ocated backwards in consequence of the process just described; which
Iv§lves theinclusion of the proximal parts of the limbj; this is the reverse
of the process involved in effecting the translocation of the pelvie limbs
of physoclist fish embryos, in which the shifting is sudden and oceurs
In another way, as may be gathered from my notice® calling attention
to this singular phenomenon. The type which presents the morpho-
logical differentiation, and which would constitute it a connecting link

,“dging the condition between the existing position of the representa-
tives of the hind feet, viz, the flukes in whales and the pedes of
Plonipeds, has been entirely lost, yet there are existing data which
Support the conclusion that the flukes represent intecgumentary limb-
olds, which have, by the method of development now known to be
ODerative in the case of pinnipeds, been led to grow out ontogenetically
ar remnote from and posterior to their archaic position on the sides of
110. tail instead of on the sides of the bddy. The flukes of whales,
Which I chose to regard as the representatives of hind-feet, according
0 hyDOthesis, have been translocated backwards over a wide interval,
Ut 1o moro extbnsively than have the pelvic limbs of certain extreme
rgrms of physoclist fishes when that pair in the latter is compared in
X B.D(Lct to position with its archaic place in the normal aund unspee-
Rlizeqd Physostomes. .
GOE:)' .1"lowor on the affinities of the Cetaceans.—While IFlower has l-lOtr'
mitted himself so far as to specify precisely the form from which
c(:ufctaccans-have been evolved, it scems to the wr.itc'r tll:.l-b the t}ii'-
Beemy of d-erlvin'g their typo of tail from that of o sc:xl-]}l;e form wlnc.‘h
o h_S to him so insuperable is not so much so as he thinks, but L will
hm spealke for himself:

N e e e I .
o 8:1 the translocation forwnrds of tho radiments of the pelvie fins in thoe embryos
Physoclist fishes.  (Am. Naturalist, XIX, 1885, pp. 315-317.)
8. Mis, 70——28
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«The steps by which a land mammal may have been modified into 2
purely aquatic one are clearly indicated by the stages which still
survive among the Caraivora, in the Olarie and in the true scals. A
further change in the same direction would produce an animal some-
what resembling a dolphin, and it has been thought that this may have
been the route by which the cetacean form has been developed. There
are, however, great difficulties in the way of this view. It the hind
limbs had ever been developed into the very efficient aquatic propelling
organs they present in the seals, it is not easy to imagine how they
could have become completely atrophied and their function transferred
to the tail. It is wore likely that the whales were derived from animals
with loug tails, which were used in swimming, eventually with sucl
effect that the hind limbs became no longer necessary. The powerful
tail, with its lateral_ cutaneous flanges, of an American species of otter
(Pteronura Sandbachii) may give an idea of this member in the primi-
tive Cetaceans.”* ’ '

Professor Flower has since reiterated the preceding views with wore
emphasis, as follows:

¢ One of the methods Ly which a land mammal may have been changed
into an aquatic one is clearly shown in the stages whiclt still survive
among the Carnivora. The seals arc obviously modifications of the Jand
Carnivora, the Otarim or sca lions and sea bears, being curiously inter-
mediate. Many naturalists have been tempted to think that the whales
represent a still further stage of the same kind of modification. S0
firmly has this idea taken root that in most popular works on zoolog}s
in which an attempt is made to trace the pedigree of existing mammals,
the Cetacea are definitely placed as offshoots of the Pinnipedia, which
in their turn are derived from the Carnivora. Buttbere is to my mind
a fatal objection to this view. The seal, of ¢ourse,has much in common
with the whale, inasmuch as it is 2 mammal adapted for an aquatic life,
but it has been couverted to its general fish-like form by the peculia?
developmentof'its hind limbs into instruments of propulsion through the
water; for though the thighs and legs are small, the feet are large, ant
are the special organs of locomotion in the water, the tail being quite
rudimentary. The two feet applied together form an organ very liko
the tail of a fish or whale, and funetionally representing it, but only
functionally, for the time has, T trust, quite gone by when the Cetace®
were defined as animals with the ‘hinderlimbs united, forming a forke
horizontal tail’ In thoe whales, as we have seen, the hind limbs 2%
aborted, and the tail developed into a powerful swimming organ. Now
it is difficult to suppose that, when the hind limbs had once becom® 5¢
well adapted to a funetion so essential to the welfare of the ;mimal' as
that of swimming, they could ever have become reduced and their actio?
transferred to thetail. The animal must have been in a too he]plesfi(’i

p. 394

*W. H. Flowor, Article Maommalia, Encyel. Brittau., 9tk ed., 4to, vol., XV,
Edinburgh: Black, 1883,
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dition to maintain its existence during the transference if it took place,
48 we must suppose, gradually. It is far more reasonable to suppose
.th:lt whales were derived {rom animals with large tails, which were used
I swimming, eventually, with such effect that the hind limbs became
1o longer necessary, and so gradually disappeared. The powerlul tail,
with Jateral cutancous flanges, of an American species ol otter (Plero-
nura Sandbachit), or the still more familiar tail of the beaver, may give
Some jdea of this member in the primitive Cetacea. I think that this
consideration disposes of the principal argument that the whales are
Telated to thoe seals, as most of the other resemblances, such as those in
the characters of their teeth, are evidently analogous resemblances re-
lated to similarity of habit.?*

(5) Another view of the phylogeny of cctaccans—1 do not assert that
the hinder limbs are united to form a forked horizontal tail; what I do
assert is that, in consequence of the rotation and extension backwards
of the hind limbs of a type in which the hind limbs were thus thrown
back parallel with the tail and included by the integument of the body,
these limbs were rendered more or less immobile, as a result of which
the limp skeleton, its museles and the pelvis have atrophied, leaving,

Owever, the integuments of the feet in o posterior position on cither
Side of the end of the tail as the rudiments of flukes. This, I submit,
18 to me a fur more reasonable hypothesis than any which derives the
flukes from an entirely different source, viz, the cutaneous flanges of
th? tail of the sea-otter. T

_-?110 argument that ¢ the animal must have been in o too helpless con-
dition to maintain its existence during the transference if it teok place,
a8 we' must suppose, gradually,” can be met by citing the scals them-
Selves, animals which certainly are somcwhat helpless on land, yet re-
maul‘k:lbly graceful and active in the water. The Cetacea, on the other
lnil:l(;’ are quit.e helpless on land, but eertuiul‘y not‘ in the water, thc
Currel(llm In which t.hls gradual transference of function must have oc-
of Dm"afte%- the hind limbs became more and more useless as a means
again gression on land, when such a Protocetacean form 'woul(l not
ot ‘Venture upon the latter. It is t!lus rendered ovident that
) Sor IFlower’s arguments are not as insuperable as they at first
appear.

“’0\\):;31]& tthe otters have the %‘equired number of caudal vertobm.s which
cetacenn ]hem to represent in that 1'e§pect the type fron} which the
ary I‘i(;r‘r 8 have descgnded, the assum[?tlon that the lateral integument-
eVOlutigﬁs' on the tail of I’teronura might Lo cxagge 'ateq Ly gradual
cast, for lmto th('s huge flukes of a ]I[cgapter'a or Balwna is, to say the
the r’e 1;re ess sz?txsfacto;‘y than t-l}e hypothesis that these structures are
. Sentatives of once functional feet. Morcover, the first traces

of .
- the flukeg of Cetacca do not at first appear ontogenctically, as they
"W A :
11"‘“1"5; Dast and present, and their probable origin. Nature, XXVIII, 1883, p.

¥om g lecture delivered bofore the Royal Institution, Muay 25, 1883.
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ought to, as longitudinal ridges or folds extending the whole length of
the tail,as in Pteronura, but as short, lateral, intequmentary, ridge-like folds,
very like limb-folds in mormal types, and very near the tip of the tail of
the cmbryo; these folds also gradually grow out as rounded lobes,
finally becoming acuminate. How little the mode of development of
the cetacean flukes resembles the adult condition of the tail .in the
margined-tailed otter may be gathered from tho following extract, de-
scriptive of that organ in Pteronura, from a paper by J. E.Gray.* On
p. 65 (L c. infra) it is stated: Tail conical, tapering, rather depressed,
covered with short hair and furnished with a subcylindrical prominent
ridge on each side; end more depressed, two-edged, and fringed at tip

I frankly admit, however, that the following question may be very
pertinently asked by those disposed to dispute the validity of my con-
clusion that the flukes of Cetacea and Sirenians represent the feet of
terrestrial mammalia ; that is, “ Why is it not as reasonable to suppose
that the flukes may not have arisen as lateral dermal folds in the same
way that the high, falcato dorsal fin of Orca has been unquestionably
developed ?” 'To this 1 have already in part replied by showing in the
first place that the dorsal fin of cetaceans is nof; always developed, and,
secondly, that when present it is always developed, so far as we know,
after the flukes have been formed as lateral folds., I majy therefore per-
tinently put the following question for objectors to my hypothesis t0
answer: “Why is it that the flukes are always present, and always in
a lateral position, or approximately in the place of a limb laterally, and
why there is not only very often a correlation in size but also of form
between the fore limb and the flukes of such types as Megaptera and
Rhaclianectes 27 And, finally, why is it that the flukes, as arule, exceed
the fore limb in size, if such fact does not indicate that the flukes have
been derived from the integmments of pes which has been dovel-
oped in an ancestral form, as in the existing pinnipeds, to dimensions
gencrally in excess of those of the manus? A nother query it may als¢
be interesting for ohjectors to my hypothesis to settle, viz, the variable
position of the dorsal fin in respect to the paired appendages of cetd
ceans, showing that it grows, as I have asserted, from some part of a1
extended dorsal integumentary fold, as attested by tho observed facts
of development, as well by its extreme anterior hosition in Globioceph
alus and Orca, and its posterior one in Sibbaldius ahd Berardius. Laterd!
carina are, on the contrary, never found in front of {he base of the
flukes of cetaccan embryo, these organs always developing from short
lateral folds at the sides of the end of the tajl. Sueh lateral cuﬂd"'l
carina are also absent in the adult, judging frow the casts in the U. o
National Museum.

The caudal median notch posteriorly between the bases of the flukes
is also developed. only after the flukes are fully formed in the embry®

" Obsorvations on the margined-tailed Otter. (Pteronurs sandbachii.) Proc-
Soc., London, 1868, pp. 61-66; Plate VIL

Zool-
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in which the tip of tho tail forms a perfectly round, sometimes slightly
¢xserted hemispherical tip beyond the hinder end of the growing fluke
folds before the latter have lost their rounded or lobate form. This
hoteh between the flukes I regard as representing in the hind limb both
the posterior axillary notehes or re-entering angles behind the bases of
the fore limbs in Cetacea. It represents the interval between the edges
of the displaced and degenorate pedes, and not the perineum which has
been left far in advance of the flukes, owing to the manner in which the
Pedal rudiments have been carried backwards in the course of the
brogress of tho degeneration of the proximal parts of the limbs due to
'nelusion, and the gradual hypertrophy of other parts. The tail has
therefore assumed the function of the hind limbs in the cetaeeans, and
although no longer available as an organ of locomotion on land, as are
the hind limbs of pinnipeds: it is strange that the forces of Nature, which
,aVe obviously been tending to the samo end in the latter as in the
fOl‘mel‘, should have had to cvolve, according to the old view, a new
9rgan when through natural processes of degeneration in ono direction,
Coupled with hypertrophy in another, an old one counld be transformed
Into the structure demanded by new conditions.

The partial loss of the ungues in the pes of pinnipeds has been re-
Placed lyy g, condition in which they are completely absent in the flukes
9f tho cetaceans and sireniansg, the hairless pedal integuments extend-
g in the first far beyond the nails. This hairless and nailless condi-
Uon'of the cetaceans is doubtless correlated with habit, and has be-
8un to manifest itself on the limbs of pinnipeds, in fact hasbeen alindst
“Ompletely attained by the nearly nude walras, the simple teeth of which
are algo not, to be left out of account in this comparison.

() Anatomical and embryological data.—IIuxley, with his usual sa-
84city, has told us by implication in language of inimitable clearness,
n Speaking of the structural characters of the Pinnipeds, what are
Some of the morphological changes suffered DLy these animals in tho
ourse of their evolution. Although in part almost a restatement of
Wl,]"“' has been already said, I may be pardoned for quoting the observ-
ationg of 80 eminent an authority. He says, * ¢ The Pinnipedia, or seals
“"_(1 Walruses, are those Carnivora which come nearest the Cetacea. The
tail 'S united by a fold of skin which extends beyond its middle, with
© Integument covering the hind legs. These are, in most species,
D‘erm.anently stretched out in a line with the axis of the trunk.” The
I;Zghsh anatomist was obviously impressed by the inclusion by integu-
th Bt of the femoral and crural parts of the Lind limbs, together with

© tail, as geen in Pinnipeds.

Uxley then proceeds (1. c.): “The toes are completely united by strong

w > : - . ‘ )

uibs, and the straight nails are sometimes reduced in number, or even

iarogfthel' abortive. The inner and outer digits of the pes arc very
y

—8e7

* Anatomy of vertebrated animals, p. 359.
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The more or less complete abortion of the interdigital emarginations
in the manus and pes of pinnipeds has been quite completed in the
cetaceans; the digits themselves having become in the latter much pro-
longed in the anterior limbs in which they have also acquired an in-
creased number of often very short phalanges, sometimes as many as
nine or cven more in the second and third digits. This condition is,
however, probably an adaptive structure, evolved in consequence of the
acquisition of additional segments necessary when they first perma-
nently took to the median in which they now live and through which:
they move.. The tendency to abbreviate the mobile part of the limbs
and shorten the segments is wanifest in the constraction of the limbs
of almost Ml the fishes of the group Lyrifera, in which it has also been
necessary, as in the whales and pinnipeds to shift, the insertions of the
flexor and extensor muscles outward upon the more distal elements, s0
as to render them pliysiologically more eficetive. In most of the Lyré-
Jera the muscles which move the fins have the most peripheral insertion
of auy to be found within the limits of the Vertebrata, or upon the prox-
imal ends of the many-jointed rays shown by me to develop beneath the
epidermis fromn coalesced rods or primitive unjointed rays, just as the
limbs of the higher Vertcbrata at first develop with an unjointed bar of
cartilage extending through their central axes.

While traces of interdigital emarginations are visible in the fore Hmb
of cetacean embryos they are much more distinetly visible in the em-
bryos of pinnipeds where they are Letter developed than in the adult
of the latter, the meaning of which facts will be clear to the evolution-
ist.* The increase in the number of phalangeal segments, however, be-
gins abruptly in the cetaceans ; in most forms the middle digits contaiu
more than the number three, normal to the mammalian class, so that the
whales and porpoises are, in this respect, very different from the pinni-
peds. But it must be borne in mind that there are at least two prece:
deunts of this kiund which oceur within the limits of the Reptilia whicll
have apparently, like the cetaceans, beenu modified for an exclusively
marine or aquatic existence; these are the Plesiosauria and Ichthyosad-
ria. As many as nince phalanges are found in a single digit of the pes
of the first type, and twenty-six in the third digit of the manus ot Ickthy:
osaurus intermedius.  'Fhese forms seem indeed to have represented the
existing Cetaceans in the seas of the Mesozoic ages.

This parallel is rendered still more striking when we recall the eircuin-
stance that in Ichthyosaurus, as in Cetaceans amnd Sirenians, the pelvis
is not connected with the spinal column, aud that it has evidently under-
gone considerable degeneration, but in Iehthyosaurus there has beep
no shifting of the distal part of the hind limb backwards, as in Pinni-
peds and Cetaceans. The hind limb derived, in Ichthyosaurus, from fhﬂt

* Irregnlar emarginations aro noticeablo on the hind margin of the flukes of er”'
e
aplera. Accérding to Lschricht snch irregular emarginations are visiblo nloung th
posterior Lorder of the flukes of an advanced fwetus of a species of this genus,
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of a ghort-limbed reptilian type, resembling the crocodile, evidently
could not be permapently extended backwards by inclusion together
with the tail to such an extent as happened in the case of the cetaceans
through the intermediation of a form approximating that of the Pinni-
pedia, with rather elongated hind limbs.

Ichthyosaurus may also serve to throw some light upon the genesis of
the dorsal fin of Cetaccans, if it is true, as surmised by Huxley (Anat.
Vertebrated Animals, p. 208), that there is some reason to suspect that
it had a vertical dorsal fin-like expansion of the integnmment of the tail.
Traces of such a structure are present in the dorsal and ventral integu-
mentary carina of the tail of the Crocodilia. By loecal hypertrophy
Such a fold might, by baving mesoblast proliferated from within, have
its dimensions jucreased, but cven if the process so far resembled the
early stages of normal limb-formation, onc could not legitimately infer
for that reason that the flukes of the Cetaceans were structures of the
Same nature as the dorsal fin, namely, a mere integumentary fold, such
a8 we have grounds for suspecting was evelved in Tchthyosaurus from an
antecedent type with an extended dorsal, caudal fold, ns it has been
Shown, on the basis of the comparison of generi¢ types and embryos,
Must have been tho case in Cetaccans, so that in both the reptile and
mammal the dorsal fin was developed as a new structure, or was de-
Veloped throngh reversion out of one which had been inherited from the
more remote lyriferous or amphibian types, which had continuous
dorsal and veutral median fin-folds, but which bad no relation whatever
to paired limbs. .

The same immobility of the phalanges of Ickthyosaurus upon each
other and the excessive abbreviation of the hnmerus,ulna, and radius,
Which must have.involved the suppression of the finger muscles, are
Characters which the limbs of this reptile must have possessed in com-
mon with the fore limbs of Cetacea, but these characters obviously in-
fhcate no relationship, but rather that environing conditions of a sim-
Har nature have led to the produetion of very similar degrees of mor-
Phological differentiation in these two types otherwise totally unrelated.
. (7Y The genesis of extra phalangeal® clements in Cetacca.—Upon mak-
10g an examination of the limbs of pinnipeds it is found that in Eumeto-
Ptas anq Callorhinus, for example, the ungual phalanges cousist of two
Darts, namely, a short proximal osscous part, to which the nail is at-
taChed, and a very long distal part composed of cartilage whieh is ex-
tendeq beyond the nail into the produced marginal integumentary folds
Of the manus and pes. A careful examination reveals the fact that the
088eous portion of the ungual phalanx is actually prolonged as cartilage
28 above described. . This cartilaginous extension of the ungual pha.

Anges, I take it, has afforded the basis, in somo ancestral seal-like form,
for the development of an increased number of digits beyond the ungual
Ph&lanx, a8 in Cetacea. Let such a cartilaginous extension of the un-
gual Phalanges become segmented, and then have ossific deposits laid
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down in the center of each additional segment so formed, we would
have phalanges produced in excess of the number found in the digits
of normal forms. Upon comparing this hypothetical method of the
evolution of the supernumerary phalanges in the digits of the manns
of cetaceans with what actually happens during development in the
latter, it is found that the actual development favorably countenances
the hypothesis.

The terminal or distal phalanges in Cetaceans while they are indi-
cated by segments of cartilage very early, as will bo seen by the feetal
manus represented on Plate 1I, by fig. 17, ossify from centers which
actually appear enchondrally much later than those of the proximal
phalangeal joints, as minute round ossific nodules in the middle of tho
cartilaginous segment. These nodules or nuclei of the osscous terminal
phalanges also diminish in size from within outwards. It would there
fore seem that the supernumerary terminal phalanges of the cetacean
manus develop last, which is in conformity with the hypothesis.

(8.} The muscles of the limbs of seals and the vesselsof the flukes of Ceta-
ceans.—The hind limbs of the pinnipeds and Ichthyesaurt, however, re-
tained their capabilities of movement through a speeial arrangement of
muscles arising from the axial skeleton and inserted mainly into the mid-
dle third of the skcleton of the limbs. While there has been a consider-
ble shifting peripherad of the insertions of the muscles in the former there
has been a tendency for the whole hind 1imb to diminish in size in the
latter type and no tendeney towards the complete atrophy of the distal
part of the appendicular skeleton and musculature of the hind limb as in
Cetacea, in consequence of which in the latter the fluke or distal part of
the hind linb has become s mere rigid hollow lateral diveriiculum of the
integument, filled with fibrous tissue and possessing no mobility distinet
from that posscssed by the tail asawhole. In short, the degeneracy of the
hind limbs of Cetaceans is complete and presents the nnexampled con-
dition of part of a limb permanently developed in the adult to a stage
which is practically comparable to a transient condition in the embryo
when the limb fold is filled with'undifferentiated mesoblastic cells. Theso
folds, as the flukes, however, approximate the form of the distal half or
two-thirds of the fore limbs, from which the skeleton has vanished to-
gether with the muscles, tendons, and nerves appertaining to them, the
normal mammalian arrangement of the vessels and nerves being ap-
proximated by a superficial dorsal and ventral systcmn which is not at
first sight so obviously liomologouns with the vessels and nerves of tho
typical mammalian hind limb. The vessels arc arranged in about ten
dorsal and eleven ventral pairs just below the infegument of the fluke-
The fourth pair reckoning from the front is most strongly developed and
extends to the tip of the fluke, giving off smaller branches on cither sido
from its distal two-thirds. These secondary branches carry the blood
supply to the tips of the flukes. The other ten pairs of vessels sent int0
the base of the fluke, three in front of the main vessel and seven bchind
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it, are short and only pass out to about as far as the basal third of the
fluke. 1In all there are 42 vessels supplying the flukes, 21 to each side,
and they correspond only partially with the number of vertebral seg-
ments, of which as many as fiftcen may be included between the bases
of the flukes of opposite sides. This is the arrangement in Phocena,
and it is doubtless similar in other forms. The superficialand not axial
Dosition of the vessels is a striking peeuliarity and is very different from
the arran gement of the blood supply of the dorsal fin, as elsewhere de-
Scribed,

The arrangement of the vascular supply of the flukes thus affords a
Strong argument in favor of the view which I have defended, viz, that
the flukes are tho homologues of feet and not special lateral integument-
ary outgrowths. On the hypothesis that the flukes are mainly homolo-
fous with a pes, or perhaps the digital part of a pes, there ought to be
about ten vessels present on the dorsal and as many on the ventral
8ide of the flnkes representing the paired interdigital arteries, of which
there are two pairs to cach digit in the manus, as well as pes of normal
Mammals. In the foot of the latter these arise from the dorsalis pedis
Ont the dorsal side and from the external and internal plantar artery on
fhe veniral side. Tlis closo correspondence between the normal num-

erof dorsal and ventral interdigital arteries in normal forms and those
fOllnd in the flukes of Cetacea is, to say the least, suggestive, though
IE must be admitted that it cannot be proved that they arise in the
P_etaeea from the femoral and popliteal continuations of the external
Uiac, but nave acquired a new origin from tho caudal continuation of
the aorgq and its dorsal Lranches serially homologous with intercostal
arteries anteriorly. ,
lio arrangement of the principal and decper vessels of the manus
:f Phocana X have not investigated, but it has struck me as being very
®Warkable that the distal third of the manus should be supplied by
obgitudinal vascular trunks lyin g between the seeond and third digits,
Otl'efle tI‘unk.? giving oft lateral twigs on either side to supply the whole
Ulirrluj t%‘rmma] third of the .ﬁipper or manus, just as the distal -two-
‘ll“te(f of the ﬂnkes. are supplied by the long fourth dorsal and ventral
ﬂ-temﬂ tr.unks, “.’lnch, like the distal trunks in the former, give off
ﬁuk?I tw‘lgs, whielr run to Fhe anter‘ior and posterior borders of the
’“Orest.l This :1-1'mngemetft of vessels in both tsee..ms. to mo to indi.cat_e
pal 1an a mere analogical reselpblan(?eg that, in fact, 'f,he two prinei-
Str(mn]mks of the fluke are the interdigital vessels which were m‘os?t
of t), f ¥ developed alongside of the lov gest, probably the second digit
Des, before the phalanges of the others began to atrophy.
lobl;;.le* {igures the principal superficial ventral vessel of the ﬂuke§ of
Para) ceph_alu.s:, l.)ut; does not show the accessory shorter ones 1‘}1111111);;
\“\161 With it in front and Lehind its proximal end. Here, as in Pho-

»
LOngu the organization of the Caaing whalo, Globiocephalus melas. Trans. Zool. Soc.
on, VIII, 1874, pp, 235-301 (fig. 68, pl. 36).
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cena, these arteries are probably acecompanied by veins, which run par-
allel with the arteries of the flukes. In Globiocephalus, according to
Murie’s figure, this principal vessel gives off lateral branchbes nearer its
origin than in Plocena, and its proximal end is turned forward as though
connected laterally or at the side of the vertebrs of the tail with
branches given off by the median inferior caudal continuation of tho
aorta.

In the memoir cited above (p. 269) Murie also disputes the conclusion
of Hunter and others that the abdominal aorta does not send off any
external iline branches. The arrangement which he described in the
female Globiocephalus scems to be similar to that found in Phocwné-
The common iliac after giving off the hypogastric divided into what 1o
regarded as external and internal iliac arteries. The external, imme-
diately beyond its origin, split and sent rami to the parietes of the abdo-
men and genital parts.  Its other main branch passed beneath the os in-
nominatum and interpelvic facia or ligaments and there broke up int0
several diminutive channels; some of these were distributed to tho
pubo and ilio-coceygens muscle ; others with @ nerve pierced the inter:
pelvic fascia at the noteh, just belnnd the anterior capitulum of the boneé:
Beyond this, in consequence of the complete atrophy of the functional
parts of the limb, viz: femur, tibia, bones of the pes and the muscles
which actuate them, one would not e\pect; to trace these vessels so thal
the flukes would seem to get their blood supply from  another source
through secondary adaptation, as has in fact Deen already stated.

(9) The digits of pinnipeds and cetaccans.—As in the seals the digits of
the wanus ol Cetaceans diminish in length from within outward, that
is, from the sccond to the fifth, the first digit or that corresponding to
the thumb being anterior and exterior, so that the fore limb is perma”
nently prone and is rotated backwards, as are the hind limbs of the
former. There is, however,an even more interesting correspondenc®
between the form and structure of the fore limb and the flukes, as seell
in Phocana, in which the layer of blubber extends out under the skil}
investing the manns Ior something more than one-half of its length
from the base outwards. Inthe ﬁukoq, on the other baud, no blubber is
found ; infact, the Inyer of fatty tissue bearing that namo does not ex-
tend even as f.u as their anterior border s, ceasing beneath the integw
ment covering the caudal 1)edundc, cmmdemb]y in advance of the
flulkes.

The subdermal coating of blubber which invests the fore limb is 1%
terposed between the degenerate tendous of the finger muscles and the
skin, whereas in the hind feet or flukes the superficial stratum of ]oug'

‘tudinal tendon-like bundles of fibers lie immediately under the integl

ment. These superficial tendinous bundles in.the flukes 1 have ¢15¢
where spoken of as possibly representing the degenerate system of th°
flexor and extensor tendons of the pes, though I am aware that 2 simi-
lar arrangement is found in the dorsal fin when it is developed, in whic
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there is, however, no connection or close relation with the tendinous in-
Sertions of any muscles whatsoever, such as is the case in the flukes.
The muscular connection of the flukes is indirect ; that is to say, the
tendons of the supra- and infra-caudal muscles send only a small portion
of their fibers into the flukes, yet even this is a condition which con-
trasts very sharply with the relations of the superficial tendinous fibers
of the dorsal fin, which have absolutely no conneetion with any mus-
Cles either directly or indirectly. :

(10) T'he nervous supply of the flukes of Cetaceans.—The sensory nerv-
0u8 supply of the flukes-has a distribution slightly dceper but similar
to the vessels, and is derived from the four great lumbo-caudal cords,*
Which represent the lumbar plexus of mormal Mammalia extended
backwards into the tail. In my own dissections I have found it diffi-
Cult to make out more than two or three pairs entering the anterior
basa] part of the flukes, and these arise from the dorsal pair of cords

Orsally, and from the ventral pair ventrally. There are, doubtless,
Other smaller pairs behind those found by e, but the excessive tough-
1ess of tho fibrous tissues in their vieinity has rendered the determi-
Nation of their number a difficult undertaking. The nervous supply is
‘Ol‘Vl'Ously not derived from the continuation of a homologue of the
8reat sejatic as in norwmnal Mammalia, nnless, as secms probable, it wonld

© possible to trace the terminal fibers of the great caundal plexus as
ho homologne of those of the terminal part of tho great sciatic trunk
%f normal forms. 'This aspeet of the question under considerdtion must,

OWever, be viewed in another connection, but it may not he amiss to
0% point, ont the fact that the four eords found to enter into the Inmbo-
“audal DPlexus of Cetaceans are represented by structures which, even
]‘3 So l_ligh]y a diftferentiated organism as man, may be homologized with
se at is found in the Cetacea. The dorsal cord in the latter is repre-
ne‘lted in man Dby the pgpterior branches of the lumbar and sacral
vel'\'es, the veuntral cord by the anterior lumbar and sacral. While the
m;‘tl:al systemn is mainly developed in man in (:orrespondel‘lce with the
cOnstswe and ecssentially _vcntral musculature of the pelvie limbs, on the
in tlmry, the dorsal and ventral systems are about equally developed

16 cetaceans, in consequence of the fact that functional hind limbs
ln:t]ve. been aborted in the Iatter, while the dorsal and ventx:al caudal
o Scles have been more posteriorly developed, and have acquired about
‘dual volumes, a condition which has called for an equally-developed

Neryg | , . .
ln(i]r%l Supply for both the upper and lower set of hypertrophied candal
Scles,

(1)

in g Translocation of muscular insertions in hind limbs,—The manner
‘v

. hich the limbs of pinnipeds have been bent backwards has already
\_3“ Considered, but the remarkable shifting backwards of the muscu-

wopy T
These wero |
Bp. 209 to 22
nervmm 8y

irst deseribed Ly D. J. Cunningham, Journ. Anat. and Physiol., XI,
8, Plate VII, tho title of his paper on the subject being ¢ The spinal
stcm of the porpoise and dolphin.”
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lar insertions of the muscles of the hind limbs of these animals must
now be considered in its bearing upon the question of the evolution of
the Cetacean type. ) .

In Phoca vitulina, Huxley* observes that ¢ the fore limb is buried
beyond the elbow in the common integument, but the flexible wrist
allows the weight of the body to be supported by the palmar surface of
the manus. The hind limbs, on the contrary, are permanently extended
and turned backward parallel with the tail, which lies between them,
and with which they form a sort of terminal fin. When the seal
swims, in faet, the fore limbs are applied against the sides of the thorax,
and, the hinder moiety of the body being very flexible, the conjoined
hind limbs and tail are put to the same use as the caudal fin of a ceta-
cean. The seal has twenty dorso-lumbar vertebrie, of which five are
Inmbar. There are four sacral vertebro, but only one of these unites
with the ilia. Ileven vertebric enter into the formation of the short
tail.”

(Op. cit,, p. 362.) “The ilinm is short, and the long pubis and
ischium are greatly inelined backward, so that thelong diameter of the
os innominatum makes only an acute angle with the spine. The femur
is much shorter than the humerus. The tibia and fibula are anchylosed,
and more than twice as long as the femur. The pes is longer than the
tibia. The astragulus has a peculiar, roof-shaped, tibial surface, and
sends a process backward which contributes to the formation of the
very short heel.  The hallux is the strongest of the digits; while this
and the fifth digit are the longest of those of the pes.

“The cutancous muscle is largely developed and inserted into Lho
humerus. The pectoralis major is very large, and arises from cach gide
of the prolonged manubrium, and even in front of it, beneath the neck ;
the fibers of the muscles of opposite sides are continuous. 'l‘he.palmarib'
longus is a strong muscle, but the proper digital nuscles are weak or
absent, as in the case of the abductor, adductor, flexor brevis, and 0P"
poncus (p. 363) of the fifth digit. A special long abductor of this digit
however, pusses from the olecranon to the distal phalanx. The iliact8
js wanting, and there is no psoas major ; but the muscles which repre-
sent 1he psoas minor and the subvertebral muscles of the Cetacen a0
very large and play an important part in effecting the locomotio?
of the seal. The pectineus is very small, and the other adductors are
inserted, not into the femur but into the tibia. The gluteus maximus is
inserted into the whole length of the femur. The semimembranos®s
and semitendinosus are replaced Ly a caudo-tibialis, which arises from
tho anterior eaudal vertebra and is inserted into the tibia, some of its
tendinous fibers extending to the planter aspect of the hallux.™ The
poplitwus and gastrocnemins arc strong, but there is no solwus. Tho
tendon of the plantaris passes over the calecancum and ends on the

——

* Anatomy of vertebrated animals, 361,
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Plantar fascia of the pertorated tendon of the fourth digit. 'The other-
Perforated tendons seem to arise from the fascia attached tov the cal-
cancum.” .

Professor Humplrey has also noticed the inclasion of the hind limbs
of the seal in o paper* from which I quote these words: ¢ In I’hoca the
knces are bent up beneath the abdominal muscles and the two hinder
limbs are inclosed with the tail for some distance, in one fold, so as to
form « flattened termination to the animnal, reminding us not a little of
the tail of a cetacean; the wing-like processes of which (the flukes)
Mmight seem to be represented Ly the laterally expanded feet of the
seal,”

Dr. IHumphrey’s account of the muscles of the hind limb of Phoca
Commaunis differs slightly from that given by Protessor Huxley. The
iliacus internus, according to Humphrey, was represented ouly by &
few fibers passing from tho anterior surface of the ilium (internal to
the attuchwment of the large quadratus lumborum which oceupies
almost all this surface of the ilium), and joining the psoas in the thigh. '
. The.psoas magnus is present, according to Humphrey, in ’hoca, aris-
g from the lumbar transverse processes and last rib, and is inserted into
the brim of the pelvis in front of the hip-joint; some of its tibers were
tontinuned down the inner side of the thigh, and inserted into the large
Fough supra-condyloid ridge. These were chiefly the fibers that arise
Owest down, and which had therefore a nearly horizontal course. 1t is
Temarked, however, in a foot-note, that: ¢ It may be a question whether

ese fibers, arising low down and passing to the femur, appertain to

G pevas or iliacus.

There is no distinct internal trochanter in the seal, and none of the
ﬁ_bers, either of the psoas, or tliacus internus, arc inserted in that situa-
tion, translocation backwards of these insertions, as noted above, having
Oceurred, ’

Pyoas parvus was large, und arvose from the bodies of the lumbar ver-
_t'ebl'ﬂe and slightly from the edge of the hindmost rib, and was inserted
'ito o projecting progess of the pubes internal to the psoas magnus.
hei;lhe igra(‘;.ilis in Ph.oca, is very broa.d, and covers f-he B¥IL phys'is‘pt‘ll)is,

ion g fa(.)ntu}uous }vmh the muscle of the 0ppqmte side. The chief dirce-

X of its fibers is transverse, but they radiate as they approach the

8, the upper fibers ascending nearly to tho knce, and the lower fibers

m“:ﬁeniling to the inne'r ankle, coveri.ng the int.eerml l)etweeu‘the internal
l’luui? uis f"fd os caleis, and extemhn,_g?v asa fascial expansion over the
.=1no]e:r ascia and m.uscles. Many ot' its fibers aro insorted at right-
‘Vit':bh tl’ or n.ezu'l?"s?, into a tendo.n wlucl} ran along 1t.s fore--pa,rt parallel
Dlantalre tibia. This tendon, passing the inner 'a.nkle, is continued on the
revig T aspect of the hallux into a te}xdon wlnc.h represqnted tho flexor
Awdfwtor Lallueis, and was inserted with them into the base of
*0
Ph

1 the myology of Orycteropus capensis and IPhoca communis, Journ. Anat. and
Ysiology, I, 1868, pp. 290-322, platos ITI-VI.
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the first phalanx of the hallux; some of its fibers ext;eudinglto the distal
end of that phalanx. In one foot of this scal the hinder margin of the
gracilis tendon was also thick, and formed or contributed to form the
superficial flexor tendon of the fifth digit.

In Phoca the muscles of the frontof the abdomen overhung the knee;
and when these were removed a wide, deep chasm was exposed between
the long pubes, on the one side, and the thigh, kuee, and leg on the
other. This chasm was crossed by a large muscle passing from the side
of the symphysis pubis to the front of the upper part of the leg and knee
beneath the gracilis. It may perhaps be regarded as an adductor mag-
nus. -

Gluteus maximus in Phoce arose from the back of the crest of the
ilium, the sacral spines, and the sacro-iliac ligaments, and was attacbed
to the trochanter and the external supra-condyloid ridge of the femur,
while its lower part expanded over the knee joint. Some of its fibers
were continuous with those of the vastus externus.

This somewhat extended discussion of the muscular anatomy of the
bind limbs of the Pinnipedia has been thought necessary in order to
bring out as prominently as possible the tact that some of the insertions
of the muscles of the hind limb have really traveled Lackward behind
their usual position on the boues of the same pair of limbs of normal
Mammalia. This is obviously a teleological modification, or one whic
has Leen needed in order to make the muscles more eficctive upon the
distal or exserted part of the limb or the pes. The fact that the ab’
dominal muscles overlap or extend over the knees of I’hoce shows hiow
real is this backward extension of the musculature of the bod\" \v]_]ich
has been obviously aided by the shortening of the femur and lengthen-
ing of the crus iu this type, the Pinnipedia. In one case even the origin
of & muscular pair scems to have been pushed backward somewhat; it
is that of the muscle called the caudo-tibialis by Huxley, and regarded,
by him as the hemologue of the semimembranosus and semitendinosus of
normal mammals.

Quoting again from Humphrey, I may jllustrate the fact that the
posterior girdle and muscles of the pinniped are actually undergoing
degencration in certain directions. e says: ¢ In the seal the terminal
parts of the limbs, especially of the hind limbs, are large, and s’prcad
out fan-like, the digits being thin, long, of nearly equal length, and in
the same plane; and the size of the fan js increased or diminished i
cach foot, chiefly by the distancing or approximating of the other digit®
to the first, and the lateral movement of the digits therefore increases
from the first to the fifth. " ‘The dorsal and plantar surfaces of the ter-.
minal parts of the hind liinb are in the same plane with those of the
leg ; the projecting part of the heel-bone, which is small, is drawn for-
ward or upward, and the hinder part of the astragulus, carrying the
groove for the flexor tendon of the toes, is draw up with and project®
ncarly as far. The Iumbar and hinder five or six dorsal vertebro 970
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tonstructed so0 as to admit of full antero-posterior movement; whereas
the iliac bones are short and directed outward, presenting flat surfaces
interiorly, and the ischiatic bones, though long, are slender, showing
that the muscles which pass from the pelvis to the short thighs are
Small. These features have, of course, rclation to the fact that the
DPropulsion of the animal is effected not, as in ordinary mammals, by the
movements of the limbs upon the Iiel\’is, but rather, as in the fish, by
the movements of the hinder part of the vertebral columnn upon the rest
Of the trunk, the limbs of the seal serving chiefly like the tail rays of
-the fish to give width to that part of the column.” ,

(12) Degeneracy of the pelvis in pinnipeds.—'The relatively small pelvis,
With its thin and slender pubes and ischia in the Phocide, is remarkable,
though a similar pelvie degeneracy is even more obvious in the skele-
ton of the fur-seal Callorkinus. T regard this degeneracy of the pelvis
ad proximal musculatu re, and the evident translocation of some of the

. Muscular insertions backward, the inclusion of the kuees by the hinder
bart of albdominal musculature, as very clearly indicative of the mode
M which the pes of Cetacca were shitted backward, the skeleton finally
a-bOrt,iugr utterly, so as to leave only a pair of pedal folds projecting from

be sides of the tail, stiffened by o peculiar arrangement of fibers, fully
describeq by Roux,* who develops an elaborate hypothesis to account
for the arrangement of these conunective-tissue fibers in the flukes, but
59 Continually speaks of the flukes as Flossen (fins), and seems to have

O suspicion in regard to their true nature, viz, that they are the de-
8Cuerate tramslocated distal portions of the hind limnb.

Dr, Gill,t who seems to have been the first author to appreciate theim-
E?I‘t-ance of the inclusion of the proximal parts of the hind limbs of pin-
"19308,- and to avail himself of it in taxonomy, uses the important char-
Acter discussed above as diagnostic of the Pinnipedia, contrasting the

atter with Fissipedia asfollows: Body prone, with the legs confined in

€ common integument beyond the elbows and kuees (with the feet ro-
a?lt:d backwarfls, z}nd with toes connected together), and espec?al'ly
em;)ted for swimming. Manus and pes with first phalanges and digits

. arged and produced beyond the others.”

Allenj contrasts the Phocide and Otariada as follows:

Da[r];]n“ In‘the Phocide the hind limbs are extended backwards in a line

of 41 el with the body; the }egs are sq inclosed within the integuments

on y‘? body th?,t they have little or no motion, and the feet are movable
n a relatively small degree, in an obliquely lateral direction.

~
——

di :iz:-'l‘fige zur Morphologic der functioncllen Anpassung. 1. Structur ciues hooh
nat, u[}ft’““. b“ldt_zgowebigon Organes (der Schwanzflosse des Dolplin).  Arch. f.
Syne bl,‘yslol-, 1883, pp. 76-161, 1 pl. _
° éen Ptical tn‘bles of characters of the subdivisions of mammals, with catalogue of
lie ora.  Bmibsonian Miscel. Coll, 230, Nov., 1872, In arrangement of the fami-
8 of mammals,
Ciog "g“l‘]’lcmd soals (Otariadw) with detailed desoriptions of the North Pacific spe-
" « Mus, Comp. Zool>1II, No. 1, pp. 108, pls. 3.
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2] ¢ 1In consequence of this peculiur structure the only purpose which
these organs can subserve is that of swimming., On land progression
is mainly aceomplished by a wriggling serpentine motion of the body,
slightly assisted by the extreinities.

[3] “Inthe Phocide the tarsalarticulation allows but a small wunount
of movement of the foot, which, when _naturally at rest, forms but &
slight angle with tho leg.

* *® * * * * I

(4] ¢ The bones of the pelvis (of the Phocide) ave all thin and slender.”

[1] ¢In the Otariadc the hind limbs are somewhat free, and when in
a natural position (on land) the feet are turned forward, and serve to
raise the body fromn the ground.

[2] «“They also (imperfectly) serve the purpose of walking; these
animals being able to progress when out of the water several miles au
hour, and to run for a short distance with nearly the rapidity of a man.

[3] “In the Oturiade the foot when similarly at rest forms with the
leg an angle of at least 900,

[4] ¢Tho bones of the pelvis are all thick and stout, especially the
walls of the acetabula.  The acetabula are themselves very much larger
than in Phoca.”

¢ The length of the ischio-pubic part [of the pelvis of Phocide] to the
length of the ilia is as three to one” In the Otariade the proportions
of these bones is nearly as one to one.

It is thus rendered obvious that these two families are divergent and
quite distinet. The effects of degeneracy are most apparent in the
pelvic girdle and hind limbs of the Phocide, as is shown by tho con-
trasts given by Mr. Allen,

(13) Tendency to pronation of the pes in pinnipeds—Professor Luc®
in an elaborate paper on the osscous skeleton of the seal and otter,®
has given somo account of the swimming habits of hoca and its 05
teology which are of interest in this connection. He calls attention to
some of the facts already alluded to, and in addition directs attention
to the strongly marked pronation of the leg and toot, the dorsum of tho
latter being directed outwards and the plantar surlau., inwards.

This pronation of the foot was probably carried still farther 4in the
Protocetacean type, which gavo rise to the existing forms. In them the
foot was probably dirceted backward and so greatly pronated as to
bring the hallux or longest digit to the outer or external margin of the
extremity of the limb. The plantar surface would then be brought
into its original ventral position, while the dorsal side would e supe:
rior, the reverse of which would have been the case had the linb beed
simply swung backwards parallel with the tail without pronation OF

semi-rotation upon its own axis. But the hallux, which was probably
-

* Dio Robbe und die Otter in ihrem Knochen nud Maskel-skelet, oine anatomisch-
zoologische Studie. Abh. I. Senckenborgischen naturiorachenden Gesellschaft, Vi1,
1872, pp. 877-378, pl. 14,
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the longest Qigit for o time, would become the fifth instead of the first,
when counted from within outwards. Tho hallux then probably grew
gradually shortér when the second and third digits becawme the prinei-
Pal ones in the pes as well as in the manus, after which they atrophied
entirely, leaving only the vessels to serve as traees of their former pres-
Cnce.

The extremely short neck of the cetaceans, due to the abbreviation
of the cervical vertebrw, has brought the origins of the fore limbs nearer-
the head and to some extent obsceured the inclusion Ly the soft parts
of the arm and fore-arm which has taken place in these forms. Such
an inclusion of' the proximal joints of the fore limbs has also oceurred
u the pinnipeds, but in them, as in Fumetopias, for example, the nor-
mal length of cervieal vertebrie has been retained, so that when the
]Wing animal is observed the neck seems longer-than it actually is, be-
- Cause of the inclusion of the upper parts of the fore limb so as to leave
little more than tho manus free, o condition which gives rise to the il-
lusive appearance of a long meck; in fact, the neck of the sea-lion as
beheld and understood by one knowing mnothing of the internal anat-
Omy of the animal, would include some of the anterior dorsal or trunk
Vertebray, together with the true cervicals. In the whales, however, so
8reat has been the actual shiortening of the neck that tho effect of the
Ielusion of the proximal parts of the fore limb on the apparent length
of the neck is lost, but if the neck vertebrae of a cetacean ure imagined
t(_> be of their usual proportional length in a skeleton, and if the exten-
Slon 8o gained be added with 2 pair of dividers to a figure of the latter
the effects of the inclusion of the upper parts of the fore limb at once

€come apparent. In fetal cetaceans the neck is proportionally somo-
What longer than in the adults.
(14) The auditory bullee of Phocide and rudimentary pinne in Cetaced.—
bis worthy of notice that the bulla tympaniin the Phocide are very
arge and thick walled and not so intimately joined to the adjacent
ones of the skull as in the typical land Carnivora, thus approximating
m;’nfctaccq somewhat. The eared scals ]m\.'e a distinc.t th’ough rudi-
cida ﬁl‘y‘ pinna or external ear def'elopcd, whiclh is wanting in the Pho-
deve:1 ’.Ihat.even the ancestry of the Cetacea were possessed of “"ell
that g)ed pinnax or external ears sces to. be countel.lanccd by the fact
. owes* has found a minute eylindrical appendage close to and
Just bekind the external auditory meatus of the embryo of PPhocwna,

Uch rudiments of pinngse seem to be unusual in embryo Cetaceans, as
sp:(;z:iter h;}s ‘not fou.nd them present in any of the fewtuses of the

cxamined by him.

11.—DEVELOPMENT.

an}ln'au the figures of cetacean embryos which have been published
to which X have had access, the same law which presides over tho

*Journ. Anat. and Physiol., XIV.

B. Mis, 70

29
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.order of the cutgrowth of the limbs is shown to hold as for all other
vertebrates, provided the fluke folds be regarded as representative of
the biuder limb folds; otherwise the cetaceans must” be regarded as
anomaleus or exceptional in this respect and permanently without any
traces of exterually developed posterior appendicular organs, even in
the embryonic condition.  Granting, however, that the discussion of
the morphology of the adult has justified the acceptance of the doctrine
«0f the translocation of the limb backwards by the progressive inclusion
of more and more of the proximal parts of the hind limbs ol some
decidedly ambulatory auncestral form by the gradual advanee from be-
fore of the integuments of the body in common over the hind limbs and
tail until nothing but the feet have remained exserted, a process whiel
we seo has already begun and reachied a very marked development it
the existing pinnipeds,-the reader may be led to admit that my hypothe-
sis when applied to the interpretation of the ovder of appearance of
certain parts in the embryo is not so unreasonable as might at first be
suppesed.  Ile must at any rate admit that the process which has be-
gun to modify the limbs aud pelvie girdle of pinnipeds if carried still
farther must actually lead toward what now exists in the cetaceans;
and that as a result of the process of inclusion of the limbs their skele-
ton must necessarily first become immobile and then atrophy, and that
not only the muscles but the nerves and vessels must also atrophy or be
su modified as to leave scarcely any recognizable representati'\'cs of
tireir homologues as found in the hind limbs of normal mammals. We
are thus, I ventare to fully believe, put upon the clew which will leitd
us along the course which the evolution of the cetacean tail bas taken;
and, while asserting that the pinnipeds very distinctly give us the infic
mation of kow this structure was developed, it does not necessarily fol-
low that the piunipeds are tending to become whales or that i t-y}»ic:ll
pinnipedian ancestry for the Cetacea is assumed. In other words,
do not mean to imply that the latter have been evolved from seals, bub
I Qo insist that the ancestor of the Cetacea must have been more or less
seal-like in the organization of the hind-body and hind-limbs; yet Lam
not at all certain after considering the many rescinblances existing ve-
tween the seals and whales that they are not genetically allied. 1
that event their common ancestry must be referred 1o a remote period
in tbe history of tho development of the higher organic types. That
the Cetacew ave allied through descent to the Ungulate is, it seems 9
me, founded on far less convincing evidence than the assinption that
they are affiliated through descent with the terrestrial and amphibious
Carnivora, especially the latter.

The Sircnia have possibly descended from a quite different ancestral
type, and while they have been modified in an analogous mauner, so f8¥
as the hind limbs are concerned, they present cvery cvidenee in other
respects of having arisen from an herbivorous progenitor.

The mode in which the shifting of the hind limb has been accot”
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Plished being understood, we find, as already urged, that the laws of
limb developiment support my hypothesis, as may be seen upon consid-
ering the following general principles:

L. The hindmost pair of limbs is always the last to grow out in the
tmbryos of Vertebrala, the fore limb at an carly stage being larger and
longer as a limDb fold than the radiment of the binder limb fold. The
fluke-folds of cetacean cmbryos grow out after the pectoral limb has
IFS cartilaginous skcleton well developed.  Tne inference to Le drawn
11:0111 this is that the former probably represent what remains of the
hind limbs to be externally developed through functional adaptation or
?088 of funetion, and its assumption by (he candal musculature actuat-
g the whole caudal series of vertebrie, with the degenerate distal rem-
Lants of the hind limbs shoved back, as described, and more or less
Nigidly affixed to the sides of the tail, so that the feet or flukes have

ecome secondarily functional, so to spealk, and part of an apparatus
Cvolved pari passu with the almost complete atropby and inclusion of
tlfe pelvis gud rudiments of limbs within the integuments investing the
binger part of the body and tail.

The degeuerate or skeletonless stato of the pelvie limb folds is so
slrou»‘;]y influenced in this group by hevedity dircetly that I am aware
f’f few or 1o parallels.  Its posterior origin is paralleled by the attyp-
fcu! or abuormal anterior origin of the pelvic limb tolds of Physoclisti,
4 1u Lophius, for example, in which translocation forwards of the pel-
Vie limby has occurred, instead of o backward trauslocation, as in the
“etacean. But these two types again differ in that in Lophius it is
the wigle of tbie hind limb, together with the girdle, which is so trans-
fcated while in the Cetacee it is obviously only the exaggerated integu-
Wentary investments of the pes which arve carried backwards at the end
?fﬂlc hind limb., In Lophius the orviginal site where the pelvie Timb
.(')1(1 first appears in the embryo is nearly as far in advanee of its archaic
SIte in the embryos of the most undifferentiated Physostomes as the
D_e(lul folds in cetaccan cmwbryos are bebind their archaic site or posi-

10.“ of origin in normal mammalian fwtuses.
011}2! IO\VI.I observations on glol)ioc'clJILa{1¢s, uus wa)l as those of Iischiricht
irst :{ﬂmmptcrus or the \vlntp wh.a-le (ig. 15 a, Plate I1), show that the
a lute-l“‘:lccs ofe .the ilu]fcs or hind fect nppezu".m the funln'_yo cotacean as
mm‘".lal terminal pair of very ]o-w S‘ll'OL'.t folds, with i gentl).' cu}-vcd
Glnl;;l-“' as seen from' the dorsal side, giving tho end of the tail of the
)? when thus viewed the appearauce of a lance head.

lnedelf]t[lfon:% at thi§ .stu.g(.) show no tl'acgs of a sl‘ie!cton, m)thi:ng: but LL
eDider,d?). ma§s of indiffercut mcsol.)]u.stw cells filling up t]fc..s‘o {olds OI'
Witl, tlll;lh,“\\’h]cll represent t}lc 1'udufleuts of the 1)e(l.es. (JOIHCJ(]CI.IU)
are [q)) sdezl-l"l.v stage the cartilages of all tho bones of thf) l)CCFO'l«l] ].“]n‘b
fally fof %\-eloped; all fche carpal and p‘hulzmgc:ul cartilages dl‘(') also
cephazusmql’ usF sho“;u in the en}m'ged figure of the mmn}s of Globio-

(Fig. 17). No traces of interosseous muscles or of flexors and
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extensors of the digits were discoverable in longitudinal sections of the
mapus of un embryo 2 inches long. Intercossei muscles, on the con-
trary, arc developed in a relatively carlier stage of the embryo cat, or
in a normal form.

It thus-appears that the displacement and degeneration of embryonic
representatives of the distal portions of the hind limbs of Cetacea has
greatly retarded or influenced their development as compared with the
fore limb, and that the mesoblast instead of being transformed into
cartilage, and finally built into bone axially, and muscle superficially,
has been mostly converted into o tough kind of fibrous tissue ranning
in two directions at right angles to each other, and in the main parallel
with the dorsal and plantar surfaces of the flukes. This tissue has the
appearance and consistency of tendon; in facs the longitudinal supo-
ficial fibers are in part eontinuous, according to the observations of
Murie, Roux, and myself, with the terminal fibers of the great tendous of
the flexor and extensor muscles of the tail ; that is, with tho tendons
of the posterior extensions of the lateral intertransversarii, thie dorsal
erector and multifidus spine and the ventral or subcaudal system, par-
tially homologous with psoas muscles.

This last fact shows how persistently the psoas muscles share in flex-
ing the hind limbs of mammals; in the cetaceans some of their tendinons
fibers being actually sent backwards to be inserted into the flukes and
last vertebr instead of, as usual, into the lesser trochanter’ of the
femur, a bone which is quite aborted in most of these forms. Tt seems
to me that there is good reason to believe that both the psoas magnus
and the psoas parvus are represented by tlie powerful subcaudal muscles
of cetaceans, and that probably both send some tendinous fibers into -
the flukes. This is in keeping with the hypothesis of cetacean limb de-
velopment bere defended ; for we found that certain muscular insertions
were migrating backwards on the femur and tibia paré passe with the de-
mands of functional adaptation in the Phocide; this translocation back-
wards of the muscular iusertions lhas reached its extremest expressiol
in the cetaceans where the continued psoas, as infracaudal and sacro
coceygeus, actually sends tendinous fibers to the flukes instead of th©
femur, which has long since atrophied or become functionless.

2. The development of the paired vertebrate limb Lewins primarily
asa lateral outpushing of the embryonic skin, or asa liollow, flat, lobates
horizontal diverticulum of the¢ epiblast, into which mesoblast proliferates
and from whieh the appendicular skeletou and musculature are differ”
entiated,.

The cetaceans follow this rule of development but soon diverge fro™t
the normal mamimalian type in two respects, viz, that the embryou'lc
limb rudiment does not become so markedly clavate or club-shaped aS_l“
cmbryos of mammals with ambulatory limbs moditicd for terrestsid
progressioit, but remains more distinetly flat and pinniform us in fisbes
The intermediate coundition in this respect besween that found in DPOF”
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mal mammals and cetaceans is secn in pinniped embryos. TFinally,
the posterior limb-folds also fail to develop a skeleton in their medullary
Substance.

Ssehricht (Untersuch. iiber die nordischen Wallthicre, 1849, p. 78) re-

marks of the development of the flukes, ¢ Bei ihrem ersten Auftreten
erscheinen die Schwanzfliigel der Cetaceen als zwei sehr zarte Hautfal-
ten ganz am iiussersten Inde des Schwanzes. Auf dieser Entwicke-
lungsstufe hat der Schwanz die Form ciner kleinen Lanze.” He then
Uescribes the mode in which L}le folds rapidly elongate or widen laterally,
bucoming more and more acumniate and longer and somewhat taleate.
l_)iﬂ'erent stages of the lobate condition may bLe noted in the embryos
figured in the plates accompanying this paper, as shown digrammati-
tally in fig. 15, pl. I1. :
_ Dr. Jeftries Wyman (in Proc. Bost. Soe. Nat. Hist., I11, 1848-51, p.
4$35), on the Gth of November, 1850, made the following remarks on the
"IL‘\'elopment of the flukes of Balwne mysticctus, basing his observations
On a fetus of that species, 6 inches in length: ¢ Instead of thelong flukes
and central depression (eaudal noteh) seen in the tail of the adult, the
tail of the embryo was rounded as in the tail of the manatee ; there was
4lso u vertical crest above and below the tail.” : ;

Sowe of the older authors regarded the flukes of cetaceans as repre-
Senting the hinder pair of 1imbs in normal mammals, such expressions
as ‘_‘cum pedes in caudam coadunati” occurring in their writings, by
Which it is jmplicd that the feet have been fused, together with the tail,
luto o conjoined organ. They were nearer right than they knew, but
Vere without scientific reasons for their statements, yet, as late as 1849,

- I'. Bschricht (op. cit., p. 78) criticises this old view as follows and
“ousiders it to be quite untenable, urging, indeed, that when the ques-

100 i3 viewed in the light of embryology, those data which are not at
e‘}St unfavorable to such an interpretation are quite insufficient to sus-
an it. . Bug I will here reproduce his remarks and then criticise them
further . ,

“Die Schwanzfliigel der Wallthiere werden sehr allgemein fiir radi-
?:ITJ:P; Ba,uchgliede? ‘angesehen, wofiir in der That ihr ausschliess-
don 85 orkoylmen bei ihnen .un(! den Slremfo?mlen, also grade nurv l?el
E‘preeha-u;:etlneren,‘denfm xw.'lrkhche Eauchghed(?r abgehen, sel‘l}- viel
Wicke[en kann. 'Ls zelgt sich a-beF (h_e:%e Analogie, wenu man di¢ Ent-
o Hﬁﬁ‘nggeschwht.e, diesen Probirstein der: anatomischen Allalf)gl(?n,
— e zieht, wo nicht unbaltbar, doch wenigstens sehr unvollstiindig:.

* ey,
105”111;:31:};:3‘“;';7i((‘m is from tho.Systcma, Natura: of Lim‘nuus, 12th cd., Tom. I‘,‘ par:Y I, P

adam, pimu; dor:;:l‘glt 0"'“:;)"8 ina foot :;o,to, and el;tn:o rc;xlqs as fo}low;; :- mf{:r;:z Z:::n
I’L‘(Zee in caudam coa(;“,n(;lzi“"l :IIC)B 1)11I.G)l.tlllca1l 1ﬁi30t 1)8;:01:{1 °8 ,ll‘nl{ t8 ])..t:"‘l,t{'loun :(f ihis 'inter-
esting observ“t_i X Il‘.. ra, l’ and aur have callec m_'}r atwentl s for his
Dinign ne expm::; ! nyb lyuumus,\\ }10, ‘however, does]‘n'ot assfl‘gg nl:gyf’;:ﬂ‘:; o nuwc&

® Move-citeq 1-.00;- n o‘\ o. Gmelin, in the later cditions of tho Sy , expung
note.
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Dic ersie Erscheinung der Schwanzfliigel ist niimlich in der Form von
zarten Hautlappen, ganz dicht an der Spitze des Schwanzes, in einer
bedeutenden Entfernung vom After und Becken. Dagegen zeigen die
Schwanzfliigel sich in ihrer Entwickelung ganz analog mit der Riicken-
flosse, welche selbst eine in der Siugethierklasse ganz neue, nur den
Wallthicren zukommende Form der Hautfaltung ist.”

As T have already disposed of the last objection raised in the preced-
ing quotation as to the dorsal fin which this author, together with later
ones, so persistently compares with the flukes, I would now simply il
attention to the very singular dorsal hump filled with adipose tissue £0
remarkably developed in certain races of the zebu or Bos indicus.
this terrestrial animal the dorsal hump has as much right to be called
a fin as in some cetaceans. And it is but a step from the dorsal hump
of the zebu to the one or two dorsal humps found in the existing species
of Camelus. In fact, the dorsal fin of cetaceans is largely filled with
adipose matter, as in these terrestrial forms, though of course it wonld
be pushing the reductio ad absurdum argument to an extreme if I wer¢
to deny that the dorsal fin of Cetacea is not different in function frow
the adipose humps of terrestrial Herbivora. What is meant here is
that the similarity or likeness existing between the Hukes and the o1
sal fin of whales and porpoises, is delusive and is merely analogicil,
and that the argument that the flukes are also mere integumentary
folds, with no pbyletic relation to hind limbs, is, if based upon nothing
more, not a very formidable one, especially since I have demonstrated
beyond any possible doubt that o limb rudiment may be and is trans
located together with its girdle from its archaic position in other forms:
It was the lack of a knowledge of this last fact that might, well induc
an anatomist 10 hesitate to enunciate the doetrine liere developed.

The difticalty in regard to the distance (Entfernung) or hiatus between
the point of origin of the flukes and the anus and pelvis, which 18
chrieht very properly considers important, I venture to think has bec?
quite overcome by the theory of inclusion, which we may say now really
assumcs the dignity of a theory rather than that of a hypothesis, afte?
the analysis and explication of the facts relating to the structure of the
hind limbs, tail, and posterior part of the body of the Plhocide, as 4¢
veloped in the foregoing pages.

3. The maummalian fetos nearly always has the head, body, and tail
tflexed more or less, so that the head and tail are approximated on the
ventral side.

In illustration of this, see Figs. 12 and 14, the first representing the
fwtus of the eat and the latter that of Delphinapterus. This trait seemn$s
to Le in part inherited, as a similar flexure of the embryo occurs in Inrg®
yolked Sawropsida, but is obviously in part also due to confinement 0
the growing fatus within the hollow vesicular c¢horion, the curvatur®
being hence more or less mechanically adaptive in conformity with ﬂfe
curvature of the walls of such vesicle. That such a view isin the mai?
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true is shown by the manner in which the early embryonic axis of cer-
tain Rodentia is Lent in the opposite direction; that is, the dorsal pro-
file is concave and the ventral convex, or just the reverse of Figs. 12 and
14. This condition in Rodentin ix, however, trausitory, and is due to
the invagination of the embryonic area or one side of the blastodermic
Vesicle into the opposite half, on account of which it was for a long time
8upposed that the primary layers were inverted in some of these ani-
mals.  Tater the embryo of the latter assumes the flexure normally seen
I other forms and apparently for the same reason.  Iflexuro of the em-
JTyo, to a greater or less extent, is, therefore, of litile or no immportance
In taxonomy. .

"l‘he flexure of the tail of the feetal cat, FFig. 14, and of a factal por-
Doise, Fig. 8, forward under the body is no greater in the first case than
1 the Jatter, because the tail of the fuwtal cat shown in the figure has
_be'v‘!l raised and drawn backward somewhat from between the hind limbs
0 order to show its length.

The hind limb of the faetal cat is extended not quite fully so that tho
end.s of the toes are not bronght as near the tip of the tail as they might
6 in the figure. It is easy to see, however, that it the tail and hind
l;mbs of this feetus were fused together or invested by & common integu-
thentary envelope that tho volume of the tail would be thus increased

Teefold, and would be proportionally almost of the same bulk as tho
. ﬁl‘ls of the fatuses of the cetaceans shown on the same plate. The
to (;‘flt of suel a fusion would be to carry the pes of the cat’s fotus back

¢ end of the tail, leaving a little more of the latter exserted bebind

1© pedes than is found in the foetus of the manatee, figs. 20 and 21,

late 117,

. Tlfe articulation of the teeth of many of the Delphinoidea with the
ii:r]l{s not a fully developed gomphosis, but there are more’or less well

ed dental grooves filled superficially with @ tough tissue, which is
:’E (]’:?Sential .in fixing the teeth to the jaw as the shallow, often imperfect,

CXets, which are excavated in the mandibular and maxillary bones.
or lzssuperﬁf:ia,l supporting tissue around the bases of the teefih is more
teeths ?1:.lst1c, and allows more or less.s free motiqn of th(.B tips of fr,he

00se’ which actually for this reason give one the impression of being

1y -
er;ltg“‘{)mode of dental implantation is primitive or embryonic or degen-
tag 1, ec“'u%. no S}lch high grade of diﬁ‘eronﬁ-iation of the dental systfnn
lse the(?n attained in the Cetaceca as in the higher land mammals.wlfmh
usp thil-r teeth Spec.Lﬁcally for grinding the food, whereas the Delplinoidea
' SChlf te(:th mainly for prehension. .

Megq trmht 8 lzesearches on the dentition of the fetus of the Balenoid
in .t-hg Iem lonqtmam, shows that the number of evanescent 1;,001:11 germs
Owey h‘p?er jaw of one side is 28 and in the lower 42. Those in the

ave a regular distribution, while those of the upper display more

Or less j ?
SIrregularity of arrangement in the dentary groove. ‘Three germs
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in the upper jaw in one case ave double; that is, are formed of two pri-
mary simple cusps of the haplodont form fused together. The spaces
between these double or bicuspid germs is greater in two instances than
between the simple haplodont germs. This raises an intcresting ques-
tion as to the genesis of bicuspid and two-rooted teeth. Whether, iD-
deed, teeth of the bicuspid type have not arisen in some cases by the
fusion or concreseence of' two primitively distinet haplodont or unicus-
pid germis. Such a mode of origin of certain types of teeth from a more
numerous unicuspid series of germs is, at least, worthy of serious con-
sideration. '

In the fetus of Globiocephalus (Fig. 9, P]il-t(‘e I) the tooth germs weré
not yet distinguishable in sections as more than pronounced thickenings
of the oral epidermis at the point where the dental furrow would appear
later. No traces of the enamel organ or of the dentinal clements of the
tecth could be made out. .

~ At a similar stage the mam mary glands appear as simple thickenings

of the epidermis on either side of the genital opening of the female
feetus of Globiocephaliss, There are as yet only the faintest traces of the
mammary foss@© shown in the sections. The rndiment of the gland 18
@ solid pyriform mass of cells which is thrust inwards from the epider-
mis into the mesoblast. .

‘The brain is quite smooth in the fetus represented in Fig. 9, Plate I, a8
in the embryos of other maminals of the same relative stage of advance-
ment. There is & very pronounced cranial flexure, nearly or quite 88
great as in a human feetus of the same stage of advancement. 'This
flexure also involves the brain. 1 find no evidence of the existence of
olfactory lobes such as are so well developed in the brains of feetal Ro-
dents.  The cerebral vesicles are quite thin-walled and smooth, so that
the lateral ventricles are spacious. The cerebral vesicles are also de
pressed, and reflected back over the mid-brain to some extent.

III.—THur IUYPERTROPIIY AND DIFFERENTIATION O TIII, CAUDAL
VERTEBRII OF CETACEANS INTO TWO SERILS.

One of the most remarkable traits of the cetaceans is the differentia-
tion which their candal vertebrae have undergone. One may -divide
these into two groups, viz, (1) those caudal vertebrie intervening D€
tween the last of the Inmibars and the first one in front of the flukes
and (2) those terminating the vertebral column and lying between the
bases of the flukes. The lirst group is characterized by the remarkably
uviform vertical diameter and length of their centra and well-developed
chevron bones; the second, on the other hand, have lost all bub tho
nierest traces of processes, and rapidly diminish in size so that the 1as?
centrum may be present only as o diminutive osscous or cartilaginot®
nodule.

The uniform dimensions of the centra of the first or anterior grou?l
indicates that the posterior ones of that series at least have been bY
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bertrophied, obviously in correlation with the vast supra and infra
caudal musculature, while the second group shows unmistakable signs
of gradual degeneracy increasing froin the first to the lust.  The change
from the type of the first series to that of the posterior or second one is
remarkably abrupt in some forms, the latter exhibiting degeneracey in
th.e most striking way by the loss of the eylindrical form characteristic
of the centra of the first part of the candal series and the assumption
of o depressed, rounded, or in some cases almost globular form.
This uniformity in the length of the centra of the first subdivision of
the caudal bones is probably an adaptive character, and one which has
een evolved pari passw with the differentiation of the great candal mus-
c!eS, the caudal skeleton and musculature actually assuming the fune-
tion of the hind limbs. The "hypertrophy, however, which we have
Doticed must, sinee it would have tended to increase the length of cach
One of the first series of centra, also have tended to lengthen, as well as
Strengthen, tho tail, and thus aid in carrying the flukes farther back
r901 their original position in the ancestral cetacean type, with the
thighs and legs of its hind limbs bound together with the tail Dy in
t'Egllment;, and when- the tail must still have been extended lLetween
© pedes, this supposed aneestral form doubtless being the possessor
Zeaill greater number of caudal vertebr than are found in the existing
8.
¢ We at any rate find nothing like such a remarkable differentiation of
iltllii (.‘.auda} vertebrie 'iu any othe-r 1?1am.ma-ls ex_cept.ce.t-a(.:eans,-and the
“i) ‘lvc.mce is that sgch a dlﬁ'erent}atxou into regions is .mtu'nately bou.n(l
witl, ]ttll; the acqulreme}w of fm important new function }u cqnnectlon
whie] ¢ outward vestiges of the feet now borne ‘upon .1ts sides, and
cang li by the prot?ess.of h)-zperg'ophy of tho anterlo.r series of osseous
the s?— 1Se;,"ments,, it aided in still 'farth_er transloca-tmg. ba(.:kward after
tl‘alt:e eton and museles of the hind limb had atrophied in the ances-
grad?x D](IB I-n (.)t]'lcl‘ _mamm.als th'e centra of the candal vertebrm at once
o enal h) d11111n1§h in vertxca.l dmmete'r from t.l-10 sacrum backwards to
a tend( of -the 'tzml,‘the postemqr ones often tending tp become depressed,
Series ((’;lfm,\{ which is fllSO exhibited by the posterior or second cau('la.l
all ot whales, . This character plnces‘ the .cetacemls. in contragt'\vnth
M r mamm(}ls except, probably, Hah.thermm, Rigytina, and Halicore.
cleg Of}l:l(;les ‘Whl()ll represent the psoas minor :m‘d the SlleCI‘tCl?l‘iﬂ mus-
ing thg ; e (,etaf:ca are very large and’ play an important part in effect-
that al OCngtxoll of the seal,” szf-ys Huxley, so that Wf_‘, actuql]y find
culap g )e'g I‘Immg- lias been que in the development of an axial mus-
fOI‘Wa,rcll [Td ratus in the seal which in t;he Cetacea Iras been exte.nded h?tli
'm°"eme:tnd bao:kw'a-rd and has attalncq tremendous IJI‘Ol)Ol:thfls-. 'l.h(,
ilar, Bo) S.Of -pmmpeds and getncca-us in the water aro so.me\\ l.lt‘;t tﬂln-
he m"d;l‘w}l m .fa.ct move rapidly along an undulating coul §e.'b_\' -e.\ull)g)'
abits of T part of th(§ body up a..ud (10.\\’1?. Such» Q Sl.Illlvldllt) in t‘ e
3 movement of the two animals it is hard to believe are not re-
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lated to each other as to origin through a remote common ancestry-
It is nevertheless difficult to understand the way in which tho caudal
musculature of the Cetacea has been developed with the toncomitant
differentiation of the caudal vertebrze into an anterior and posterior
series, unless it be supposed that, as the flukes Lecome more or less
rigid the posterior vertebrie included between their bases would tend
to degenerate, whereas the anterior series of vertebrm would tend to
develop in proportion to their functional importance as a substitute for
the skeleton of the hind limbs. This still leaves the question as to the
origin of the degencrate caudal vertebrie of the pinnipeds unanswered
and brings us faco to face with an aspect of the question which does
scem to throw some light upon this plhase of tho subject. T hardly
think any naturalist will dispute the conclusion that 2 mammalian type
could have originated anyw here else than on land in order to success
fully develop its air-breathing and characteristic modifications of struct-
ure. Such a conclusion carries with it the implication that the whales
have been derived from land forms, as secems indeed to be conclusively
proved by the adult anatomy and especially the presence of certaill
structures which are on the way to complete atrophy. In land mam-
mals, however, the tail is in reality always degenerate and often quit®
as much so as in the seals, for no matter how long the tail may be, i

the diameter of its base is far less than that through the pelvie region
immediately in front of its base, we may be certain that degeneracy
from the primordial type, as seen i fishes, amphibians, and some rep-
tiles, has occurred. In the last-mentioned types theroe is no such abrupt
distinction between the trunk and tail as in Jand mammals. The infer-
ence, therefore, is that the tail of cetaccans, though probably derive

from one in which there were more vertebral segments than are found
in the tail of any existing pinniped, has been developed from that Of
& land mammal in which the tail was already degencrate and of conv
paratively little functional importance, just as we have seen is the cas®
in the seals.

The difficulty which seemed to present itself in regard to the degeh”
eracy of the pinniped tail, therefore also disappears, and a new question
arises, viz: How was the gradual muscular degeneracy of the hind 1imbs
of our ideal protocetacean forin related to the inereasing functional i
portance of the tail with a gradual new development of muscle over #
region where it had been once before lost, in the course of the evolutio?
of the mammalian type? The answer to this, it seems to me, has bee?
already given, but it may be well to discuss it anew in another forni-

As the fisii-like form of the hind part of the pinniped’s body becam®
morc pronounced as & result of advancing inclusion, woe saw that the
hyposkeletal flexors ot the back part of the trunk became more devel
oped. With increasing enfeeblement of the hind limbs the caudal skele
ton and musculature would become stronger, indeed the one wot
gradually exchange functions with the other, so that no violent or gndded
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transfer of function is contemplated or even necessary.  In faet, the ox-
change jn all probability occurred in the water,in which medium it
Would be alone possible to develop a tail like that found in cetaceans,
N which it indeed attains tho maximum of importance as an organ of
locomotion. While an old organ was vanishing and itself no longer
Capable of dissipating vital encrgy in the execution of its oflice as a part.
Subservient to locomotion, o part of this old organ ‘combined with an-
Other coexisting degenerate organ, the tail was hypertrophied and as-
Stined the office of the posterior pair of limbs.

IV-‘])EG-ENERACY OF TIF YELVIC GIRDL)E AND HIND LIMBS IN
CETACTA,

P'()ne of the most striking features in the structure of the pelvis of
Snipedia and Cetacea is the absence of a well-défined symphysis pubis,
the pubes forming no extensive amphiarthrodial union as in most Aam.
Mmaliq, A well-developed symphysis pubis is absent in all of the species
of ?he first-named group, with the cexception, perhaps, of the walras,
Whicl seems to be less modified generally in the strocture of the pelvis
and hind limbs. The other types in which there is a loose or distant
.collnection of the pubes by means of o transverse interpubic ligament
are the Sloths amongst the Fdentate. The separation of the pelvic ele-
Ments in the median line is carried to an extrome degree in the existing
'Cetacea, and in consequence of the fact that the pubie bounes are prob-
.1bl:y absent in these forms, Strutbers has named the ligamentous bond
i‘:;]géch .iOi‘ns 'the pelvic rudix‘neuts together across the medi:m.ln‘m the
N Ipelvie ligament.  To this are attached the crura of the penis in the
tlaceq, . ,
isgltil‘uthcrs l'ega-rds l:ll(': pelvie bones of tl:f) latter as (:ons‘istin’g: of 1 he
Whic;]m' :tloxp, since 1.5 developes fr(?m :‘L smgl(", center ol ossification,
stmc; .l‘(.:m} ‘m]ly c'Ollfl'l‘JIl on tlu? basxs.ol tho. evidence presented by L!m
cq)ha;ue of its (:n.t‘.mmgmous rudm)cnt.m scctmns.ofa.u cembryo of (Flobio-
tiona.];éf ’m?las, 2 mch?s l(mg. In this embryo 1.t scems to be propor-
simp) '5 f’_i greater (111110116:10“5, Lowever, than in tho adult, which is
adult) evidence in favor of t}le view th{lt it 1.s )'e.ul]y degenerate in the
wa and has been reduced from a pelvis which in some ancestral form
S 8till more deveioped.
De’ir\:;: ﬂi‘llll'l has been a\t‘ropl-lied, a.nd‘ in this way it _happens that tho
co]llmnol C'ctacca :md. ‘»Sn'ema_ has béen separated from the vertebral
only g y <l.\"ery consn.l.emble interval, and has been brough L to assune
vig unstub:%ld-mFy function, as shown by the researches 0_1 St.ruth'ers,
’“l(i Il(;t t(l): gl\flt{g'sul)l)orb and attuchmen.t to the organs of generation,
liny, mus 1at of giving attachment to functionally or strongly developed
The -’ltlrf)()z}s as in normal m:nnmals_. - Joveloncd i

ching o 1I 1y of tho p}lbcs h«"lS left o-n.ly an imperfectly deve 01);( is-
part "l‘l d, perhaps, if anyt-hmg of ilium, only the abaxial or -(1sta1
. 10 nodules of cartilage observed at the ends of the pelvic ele-
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ment in some forms do not necessarily indicate rndiments of the ilinm
and pubes, but possibly epipbyses only.

The displacement of the pelvis of cetaceans downwards, it seems not
unlikely, has been helped by the great development of the bellies of
the psoas or hyposkeletal group of museles above it, as the massive
flexors of the tail.

Rudiments of the femur and tibia were discovered by Reinhardt in
1843 in DBalcena mysticetus.  Since then the most valuable contributions
o this subject have been made by Dr. John Struthers in papers* deal-
ing with the anatowmy of this region. :

In a number of specimens Dr. Struthers obtained the following meas-
urements: Length of pelvis of males, S to 20 inches ; in females, 108 to
18% inches ; length of femur in males, 5 to 83 inches ; in females, 3§ to
84 inches; the length of the rudimentary tibia ranged from 23 to 4
inches. It is thus rendered obvious that there is a great range of va-
riation in the development of these elements, in fact in one instance it
was found that in a female the head of the femur of one side was ab-
chylosed to the pelvic bone of the same side.

The femora were found to be flattened laterally, the head and neck
partaking of this character. A posterior proximal tubercle was oD-
served which was regarded as a trochanter major. “If the ordinary
mammalian femur, much shortened, be flexed, adducted, and rotated -
outwards, it will be brought into the position of the femur of mysticetus 5
more exactly, if the pelvis and femur of a seal be taken in the hands and
so manipulated, the correspondence becomes cvident, and it is seen then
that this tubercle is the trockanter major.” (Op. cit., p. 155.)

Cartilage was markedly developed on the upper and condylar ex-
tremities, and the head was rececived into an imperfeetly developed
acetabulum in some cases. The tibia was represented by what is evi-
dently only its proximal end, and was wholly cartilaginous and pyri-
form in shape.

Strutherst states that in Megaptera longimana “ho found the thigh
bone to Le entirely composed of cartilage, of a conical shape, the length
being 53 inches on the right side and 4 on the left. It was encased in &
mass of fibrous tissue. This fibrons case was connected internally to itS
fellow of the opposite side; superficially and on the outside to th'e pos-
terior pelvie muscular mass, and anteriorly passing from the thigh bon®
itself, was u special band appearing like a fibrous prolongation of the
bone. The thigh rested loosely on the pelvic bone without articulal
surface, but was bound loosely to the latter by o strong posterior ligd”
ment, and by a weaker ligament in the position of the hip joint in the

* The bones, articulation, and muscles of tho rudimentary hind limbs of the Greed”
1and right whale (Belena mysticelus). Journ. Anat., and Ihysiol. XV, 1880-°8L, PP
141-176 and 301-321, with Plates XIV-XVIIL

tOn tho rudimentary hind limb of Megaptera longimana. (Am. Naturalist, XI1X,

1835, p. 125.)
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right whale. A muscle about the size and shape of a forefinger, within
% ligamentous tube, connected the thigh bone backwards to the great
laterpelvic ligament. This was the only muscular structure directly
connected with the thigh bone. It would retract the bone. The fibrous
connections of the bone were mainly adapted to resist outward and
forwarq traction.” This quotation, I think, indicates quite clearly that
the mogt recent funectional relations of the museles of the rudimentary
j‘high in the series to which Megapicera belongs were posterior to it, as
I faet all the other available evidence has tended to show.

In every specimen of these parts from Balwna figured by Struthers
the femur had its lower end swung forward, as it scems the femur of
the scals usually is, and as it is found in the living cared fissipeds
When standing on all-fours. The tibial rudiment, on the other hand,
les with its axis in a horizontal position or nearly, such as is assumed

¥ that bone in the pinnipeds, the distal apex being directed backward
towarg the flukes.

This arrangement of the limb bones of Balana not only justifies to a
8reat extent the views here assumed as to the nature of the flukes, but
also that of Struthers, who, on the basis of his observations on the rudi-
Mentary finger-muscles of Megaptera longimana,* concludes that the
chacca have descended from a form in which limbs were much better or
Iu"ctionnlly developed; an opinion also entertained by Flower. Such
A conelusion is also justified by the existence of synovial burse between
t?'e head of the femur and the pelvie boue and between the femur and
ibia of Balena, according to the former author’s observations.

I think, indeed, weo may go a step farther and declare with perfect
Safaty that inasmuch as only the proximal end of the tibia is developed
'8 Baleena as a degenerate element, which is not even ossified,and which
'8 its distal end pointing backwards, the tibia, if fully developed and
CXtended posteriorly to its normal length ‘as found in other mammals,
Or as in the seals with the tarsus superimposed upon its distal extrem-
1y, it must be evident to every reasonable morphologist that the limb
O pes would not bo extended outward laterally from the body in a
Tansverse vertical plane with the acetabulum, as is tho case in terres-
trial Imammals, but would be extended back horizontally from the lower
M of the femur as in the seals, and thelimb not become outwardly
4Dbarent until some distance behind the vertical line drawn through tho
OE.D‘J'Oint. It thus becomes obvious that translocation of the distal part
w the pelvie limbs of cetaceans has positively taken place, or, in other

Yords, that the crural, tarsal, and phalangeal parts of these limbs have
' t :ﬁn rotated backward, and included from before backward by the in-
e‘}sllments as in the seals. This inclusion, however, has probably been
) isen 11101:0 completo in cetaceans than in pinnipeds as a conseguen'cfa of
iﬁ of the still exserted fect as ambulatory organs and their utiliza-

* Sco Araerican Naturalist, Feb., 1885, XIX, pp. 120, 127,
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tion as swimming paddles or oars in the water exclusively, thus aftord-
ing an explanation of the atrophy of the bones and muscles of the erus
and pes. That the inclusion of the hind limbs has been more extensive
than in the seals is shown Ly the fact that the end of the caudal series
of vertebrie is included between the bases of the flukes or pedes of
cetaceans, and that no trace of the end of the tuil as found in the former
is cexternally visible, unless the rounded tip of the early embryo cetit-
cean’s tail is comparable to that part of the seal’s which is still exserted:

« In the swall Balenoptera rostraia a few thin fragments of cartilage
embedded in fibrous tissue, attached to the side of the pelvic bone, cotl
stitute the most rudimentary possible condition of u hind limb, and could
not be recoguized as such but for their analogy with other allied cases:
In the large Rorqual, Balwenoptera musculus, 67 feet long, previously
spoken of, I was fortunate enough in 1865 to find attached by fibrotts
tissue to the side of the pelvic bone (which was 16 inches in length), &
distinct femur, cousisting of a nodule of cartilage of a slightly com-
pressed irregularly oval form, and not quite 1% inches in length. Other
specimens of the same animal dissected by Van Beneden and Professor
Struthers have shown the same; in one case partial ossification had
taken place.”*

It is singular that no traces of rudiments of these proximal liab-bones
are to be seen as cartilaginous nodules in the region of the pelvis of very
young Delphinoidea, but I find no evidence of the existence of any such
structures in sections of the pelvic region of a very young feetus of
Globiocephalus.

In the cases of the adult specimens of Balewna dissected by StrutherS
there was an interval of several inches between the pelvie bones, whiclt
was bridged by an interpelvic ligament. On comparing tho pelvis of & .
pinniped (Otarie or Lhoca) with that of a Cetaccan, a very great dif-
ference is apparent. While in the former there is no well-develope
symphysis pubis, the pubic bones are not widely separated in tho mid-
dle line as in the latter. In the former also the pelvis is posteriorly
prolonged and the pubie bones together form an acute angle with each
other, the opposed bones forming a sort of pubic carina, with the ischi®
as well as pubes drawn together posteriorly. ’

.The pelvis is quite well developed in the walrus, but in I’;tOClb and
Cullorhinus there is obviously a tendency on the part of the whole ¢
innominatum, to degenerate and become weak. This faet becomes very
obvious when the thin slender ischia and pubes of some pinnipeds 4r°
brought to mind, and becomes still more apparent upon comparing tho
pelvic girdle with the well-developed scapula of the same skeleto™
though in order to thoroughly realize the fact that the pelvis of the
pinnipeds is degenerating one must compare a skeleton of tho latter
with the skeleton of a Fissiped of about the same size. The very g1e?

"

* On Whales, past and present, and their probable origin. Nature, XX VIII, 1385
p-228. A lecture by W. I{. Flower, before the Royal Institution, May 25, 1883
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disparity in the size and strength of the scapula and pelvie bones of
Callorhinus is obviously indicative of the commencing atrophy of the
latter elements. )

The fact of the proximal parts of the limbs and pelvis becoming in-
¢luded in the pinniped, as already described, explains how this tendency
toward degeneration of the pelvie girdle bas been brought about. If
We now imagine such a proeess of inclusion to be carried still farther
50 that ¢ven the tarsus becomes tied down to the side of the tail, the
bes will become immobile even though there were an exertion of power
Manifested by the muscles of tho limb. This would carry the condition
of inclusion of the hind limb a step farther than that found in any scal
ad represent a coundition intermediate between the latter and the
Whales, and, as a result of the increased immobility of the hind limbs
fO]Iowing upon the supposed condition, not ounly the muscles but also
the bones of the leg and pes would atrophy. In consequence of this
“'tlfophy of muscles and bones two otber systems of organs would be-
Comeinvolved, viz, the Dlood-vessels and nerves, espeeially all the distal
br&-nches or continuations of the external ilinc aud feinoral arteries,
and the efferent veins would saffer modification and gradual diminntion,
b(?cﬂmse they had now become more or less uscless as conveyers of nu-
:‘f‘lment and waste to and from muscles which were becoming useless.

_he motor and sensory nerves in like manner which pass to the hind
linny would for similar reasons atroply, inducing profound changes in
t_!w structure of the lnmbar plexus, involving the suppression or abor-
1.’10“ of the great sciatic, crural, and obturator nerves, and concomi-
tu_“t]y with the atropby of the nerve supply ordinarily passing to the
z‘l(l’(l)el;al, muscular, and ‘derm:tl parts of the 1'u1¥ct,ional limb, there .wou.ld
func;" @ h_\tpertrophy of th‘e nerves of the'tzul, commensurate with its
oxte lopal 1'xnportuncc, ending in the ﬁ')rm:moxln of a lambo-caudal plexus
N Lding from the lumbar region to its termination.
Onllllllevatrophy o'f t!xe parts of the §keleton pl‘ the liml{ oughb.to occur
wou] 3 ll);\ypothesw, in an order “’hl'(fh, passing from w_:thout, mwa,r'ds,
the 1y Ie qust tl.lG reverse oi:‘ thz.u; of its developgmnt. Upon comparing
i ﬂ'eremte in which ‘the pelvic gx.rdlo aud- the limbs develop, with the
we 1 nt degrees of atro‘phy as dlsplay?d ina number of cetacean forms,
nd that the preceding statement is verified.
ti8 found in fact that the pelvis at an carly stage of development
on(;lsmrate from the vertebra-l‘colunilE and that the girdle and limb
&I:e formed as segments in a serial order from within outwards,
:&)(tiilvm ;md fomur being first developed, t-hgn tlfe tibia and fibula,
80 b (?0 ta;rsqs, and ‘ﬁnally t-hf; phal:u_lges. In this same order they
ho o me dltferen'tm_ted as'dlstmct; picces, or fr'om.thhm outwards.*
verse of this is obviously the order in which tho skeleton of
*Sce
tho )

18 g

th
a}

g L paper entitled: On thoe development of the pelvic girdle and skeloton of
fhonl(} I}mb in the chick, by Alice Johuson. Studies from the Morph. Laboratory
B Diversity of Cambridge. II, pp. 3-25, pls. IV-V,
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the limb in the cetaceans has atrophied; that is, the phalanges first,
then the tarsus, then the fibula and tibia, and finally the femur, affect-
ing also more or less the degeneration of th(\ pelvie girdle,

But it will be inquired, why do the limb-folds, or pedal folds, which
represent the former in cetaceans, grow out at all after such extensive
atropby of the limb slkeleton? To this it may be replied that the distal
parts of limb-folds generally do not at first Iave the skeleton developed
within them at all, and that, as I have pointed out, the limb boues de-
velop from within ontwards; the terminal part of the limb-fold, or epi-
dermal pocket representing it, contains at first nothing but undifleren-
tiated mesoblast. It thus seems to me that in the skeletonless flukes
wo have this inverse method of development illustrated, and that the
flukes represent the carliest condition of a pes and therefore the last t0
vanish, unless indeed the flukes rvepresent the produced integuments
distad of the last phalanges of Ppinnipeds, which 1 think hardly prob'
able, for the reason that their blood-supply, as already deseribed, sim-
ulates that of the normal mammalian Pes.

Struthers’ figures indicate that the femora are adducted distally in
Balena mysticetus to a remarkable extent, in {fact to such a degreo that
if the limb were fully developed with the crus extended in a line with
the shatt of the femur, the limbs of opposite sides would cross each
other. This adduction of the femora by which their distal moieties ap-
proximate each other, is probably due to tho after effects of the proeess
of inclusion which must have begun with « seal-like ancestral {form,
and which has reached its extremest expression in existing cetaceanss
where the growth of the subeaudal museles has influenced their fm’ll
position. .

The inclusion and degeneracy of the pelvis of cetaceaus being SO
complete, there is however not so great a posterior extension of the ab-
dominal muscles backward as owe might bé led to expect, but certain
muscles are nevertheless provided with remarkably posterior insertions:

V.—TIIE CAUDAL MUSCLES OI' CETACEA.

These are dorsally continuations of the deep multifidus spine and the
superficial erector spine, posteriorly; anteriorly as continuations-of the
above, as found in the hmman subject, the sacrolumbalis, longissims
dorsi, spinalis dorsi, and possibly the semispinalis of man are represente
in the vast dorsal and supracandal muscnlature of whales. Murie”
btﬂuth that in tbe black-fish ¢ the ]()H”l.\bi],]]]\ dorsi and bl)ill(llih dors!
arc most intimately bound up together in the dorsal region, forming &
loug, but enormous fleshy mass, interwoven spinally and costally with
tendinous fascia. That which may be considered equivalent to a tran®
versalis cervicis commences by a short, strong tendon at the paramas’
toid. Immediately Lecoming ileshy and thick, it ascends postmlOlLy

soc:

* On the organization of tho Caaing Whale (Globzoccphalue melas), Trans. Zool.
London, VIII, 1872-'74, pp. 235-301, pls. 30-U8,
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on the side of the neck to the anterior dorsal region, and is lost in the
Combined longissimus and spinalis dorsi. Where the body begins to
taper behind a division of the two latter is perceptible. Hereabouts a
Superficial tendon passes obliquely upwards and backwards from the
Outer longissimus to the inner spinalis. A little way behind, another
ridge of two oblique tendons similarly crosses, and immediately pos-
erior to this five more, which together unite into a strong cord, wrapped
90e within the other. Meanwhile from each muscle there is continued
D_Osteriorly, quite to the end of the spinal column, a single, thick, mas-
Slve tendon. Besides the foregoing, both longissimus and spinalis dorsi
Dossess g deep series of long, narrow tendons, one to cach vertebra, but
hingleq together by interstitial fleshy fibers. It results that these dor-
s?,l Inuscles act upon every vertebra independently, whilst at the same
M6 the motor power of the fibro-cartilaginous tail is derived from the
engthened and more powerful cords, for from these there extends back-
Wards g firm, glistening fasecia, spread over and incorporated with the
€ep tail substance.
“Supra caudal. The single muscle (or compound muscle, if so re-
8arded) to which I give this appellation lies external to the last, along
€ narrow portion of the candal vertebrm and onr the upper side of the
Tansverse process, narrow in front, where fleshy, it widens somewhat
"80d formg 5 tolerably thick fusiform belly, which again flattens and be-
Comeg tendinous. In its course it is attached partly to the vertebral
Olies anq partly to the transverse processes, sending off & special ten-
O to each of the latter. Posteriorly the flattened tendon lies against
Fhe Sides of the bodies of the terminal vertebrs, and ultimately is lost
‘0 the general expansion of the upper surface of the tail flukes.
oming under the denomination of multifidus spin® and rotatores
s because of their position, origins, and insertions, are a greatnumnber
musculo-tendinous bundles, very apparent and well marked, but diffi-
al:] t individuallyto separate and define. Theseare still more numerous
in d closely packed together in Lagenorhynchus than in Globiocephalus,
Consequence of the number and approximation of the vertebra in the
a‘;"(llner. Stannius recognizes such a deep set of muscles in f,_be porpoise;
ran I can corroborate his observation in that genus. Their generul‘ar-
or Eement js by tendons from the dorsal metapophyses, and trending
of Wards ?.nd inwards are attached muscularly to the sides of the r0<.)ts
on ‘e Spinous process in advance of their origin. The most anterior
©18 fixed to the atlas.
ous] Ut there are besides a deeper layer of fascicles spril-lgiug tendin-
inseftfro-m the spines and dorsal arches, and these becoming fleshy are
Som; efl Into the transverse processes of the same vertebre, doubtless
OerSIt)ma-les »28 Stannius* names them in Phocena. He alludes, more-
he\: 0 another set of fasciculi, close to the last, and connected with
\el‘tebra,l processes, but he has not named them.

8ping

" ¢ Muskeln des Tiimmlers,” Muller’s Archiv, 1849, p. 30.
8. Mis. 70——30
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¢« In the four-limbed mammals generally there are three, or at most
four, muscles described as occupying the iliac region, viz: the psoas ma-
jor, psoas minor, iliacus and quadratus lumborum. Butin cetaceans,
as most writers state, there is only one enormously large inferior lumbo-
caudal masele, which, at first sight, might be supposed either to repre-
sent the psoas magnus alone, or the psoas minor, iliacus, and quadratns
lumborum incorporated with it. Whatever relation exists, division at
least is inappreciable in @G. melas. This enormously developed sacro-
coceygeus muscle is long and fusiform. On each side it occupies the lat-
teral and inferior surfaces of the vertebrae and their transverse processes
from the ninth dorsal vertebra backwards; and as the transverse proc-
esses of the caudal elements are lost, it still continues upon them in the
shape of a bundle of tendons continued on to the very end of the spinal
column. The volume of its solid fleshy fiber may best be comprehendec
in the fact that it ranges in our specimnen of Globiocephalus  from one
foot tosix inches intransverse diameter, and with a corresponding thick-
ness or depth. TFurther to particularize attachments and relations, i
passes beneath the diaphragm, has the kidneys, &c., lying upon it, and
narrowing behind the rectum sends off, downwards and backwards, sU-
perficially, a series of flat tendons. These are so connected together 28
to constitute a very strong tendino-aponeurotic sheath, spreads out and
is continued on to theinferior surface of the broad fibrous tail. The main
body of the fleshy mass meanwhile terminates in a single strong tendols
which passes direct along the spine and is fixed to the very last verte:
bra. Moreover, thereis an appreciable flat layer of fleshy fibers, which
come from the sides of the vertebra and spread over part of the afore”
said tendinous sheath. This muscular layer appears to be a kind ©
reduplication of the body of the muscle itself,

«A muscle, the exact eounterpart of the supracaudal, lies on the under
side of the transverse processes of the caudal vertebrae, and it bearS
the same relation to the sacro coceygeund that the supracaudal does to
the longissimus dorsi, save the fact of inversion of position. I distin-
guish it as the infracaudal.

¢« The long spinal muscles of Cetacea have received different names and
significations from successive anatomists, though the descriptions, save
that of Stannius, tally. DMeeckel * demonstrates the parts in the harwd
(Monodon communis) and the dolphin (Phocana communis ?). His te?'ﬁ
appears to me to imply that he considers present aud more or less d}f-
ferentiated : 1. An equivalent of the spinalis dorsi, biventer cerviclS
and complexus, a longissimus dorsi, trachelo mastoid, and splenius eap-
itis; 2. A sacro-lumbalis with cervicalis ascendens anteriorly (‘trachelo‘
mastoidien, ou Pintertransversaire du cou’ of his translators) ; 3. IFlexor
caudw lateralis ; 4. Depressor caud®, quadratus Immnbaram, psoas anc
iliacus ; 5. An inferior depressor caudte. Frederick Cuviert speaks ©

/

* Anat, Comp. Vol. VL., p. 123 et seq.
t Art. Cetacea. Cyclop. Anat. and Physiol. I, p. 509.
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alevator caud:e, evidently No. 3 above. Rapp* and Stanniust coincide
that there obtains: A splenius capitus longissimus and spinalis dorsi,
Sacro-ininbalis and transversarius superior and inferior. The former
thinks the great lower loin-muscle a psoas major; to the latter it im-
Plies more. Stannius, moreover, describes o caudalis superior, a cau-
d?.l]is inferior, a longissimus inferior, a sacro-lumbalis inferior, and a set
of cauda) muscles unnamed by him. He also traces the short, deep
SPinal muscles, of which more hereafter. Carte and Macalister, in the
Pikeq whale,f have noticed a trachelo-mastoid, a longissimus dorsi, a
silcro-lumba.lis, with a slip supposed to bo the homologne of splenius
e‘l‘pit-is, a levator caudw, a depressor cauda® major, and depressor caud®
Mingr,

* Notwithstanding the amplitude of nomenclature and recogunition of
tWo or more en masse or separate, the anterior divisions of the various
%Servers present a certain harmony ; but there is less concord of opin-
lon Tegarding the posterior tendinous parts and infero-lumbar region.

AP and Stannius differentiate as transversarius superior the com-
Poung tendinous enwrapping sheath of the longissimus and spinalis as

€scribed by me. But the latter, moreover, unites it with the anterior
eshy belly of my supracaudal, and traces it forwards to theribs, thorax,
2::.1‘,-11‘&0}{’ i. e., includes ?art of what more strictly is sacro-lmnbalis and
tiall ly(,alhls ascendens. Carte qnd Macallstgr’s levz’xtm- caud}u agrecs par-
¥ with Rapp’s transversarius, and partially with Stannius’s caudalis
UDerior. The latter muscle, again, is equivalent to Meckel’s lexor cau-
Sli:;lzteralis and F. Cuvier’s levator ca‘udm, one a{ld the same with my
o a caudal. None s.uggesF the suI)erlor‘supez'ﬁclgl t'ermmal teuflon_s,
Zgregate fibrous investing-sheaths of the longissimus and spinalis
ng)st’l, as the homologues' of the levatores caudae externus aud internus
ina; tl?l‘ xx}ztxlxulals. Yet in every sense tl?ey are undoubted.ly suclT, con-
You t.‘{x ,‘?’lth the dor.?a.l ﬁes'h‘y ‘masses being the only spefnal d‘evmtlon
ology i}{r usual co‘ndxtlon. l'he cgtace:m ‘supracnuda.l, again, offers hom-
qu&dn{l its ])o§t(?r101- short sh}.)s with the 1utertransversu.rn cau.d-ae of Fhe
%Casiobe(ls ;. it is longer bellied and more fleshy, zmte.rlox' wmoiety belng
Caudng If:lllly in ma.mmal‘s almost sgparute fr(:m ‘tbe lutertl'allsx'egsarll
Qtug h, rough .no.t specially recognized as a distinct muscle. In Man-
» 0wever, it is uncommonly well developed, and has been named
Sg{\‘::lltllunbo:caud%lis. The inferior fle‘pressor cal'ldfe 9t’ }\Iecke], dep‘res-
ang hi:; & minor of Carte and Macahster, caudalis inferior of Sta.nnu‘xs,

o unm.nned musculo-tendinous caudal bundles, correspond with

o g"es‘ent infracaundal. .

Sop cl?uldegnrds? the de‘pressor caudo qf Cuwe}- and Meckel, th'e (1?1)1'(3?-
DSoas‘ . ‘b major of (Jurt.e anc} Maca!lster, this undoubtedly is l.xa:pp 3
—_ major, &e.  Stannius viewed it as composed of three divisions,

* Di¢ Cetuceen, zool-anat. dargestellt, 1837, p. 9.
1«‘[[11101"8 Archiv, 1849, pp. 22-32.
ot On the anatomy of Balwnoptera rostrata, Philos. Trans., 1868, p. 225.
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equivalent to the dorsal muscles, and named by him respectively lon-
gissimus inferior, sacro-lumbalis inferior, and transversarius inferior.
So far I agree with the latter, and therefore differ from Rapp, that the
great sublumbo-caudal cetacean musecle is not purely an ilio-psoas-
This latter, I believe, as in Manatus, is all but aborted, certainly not
recognizable. 'The homologue of the cetacean sublumbar muscle, then
with its tendons and investing sbeath, seems to me to be the sacro-coc-
cygeus, whatever its significance as to the dorsal series. My infracat-
dal may represent partly inferior intertransversarii caudx or perhaps
include infracocecygeus.

¢« In default of being able to determine with accuracy spinal inser-
tions in Globiceps 1 was more fortunate in Lagenorkynchus. In this
genus the rectus abdominis tapers to a point at the fortieth vertebras
belhind this intermingling with the caudal fascia. The pubo-coccygeus
goes to the chevron bones as far as the sixtieth sacro-coceygeus, muascu-
lar to forty-fifth, tendons to sixtieth ; between these points the secon
dary tendons which form thesheath emerge. Supracaudal from fortieth
to sixty-sixth vertebra; the infracaudal is from two to three vertebr®
shorter. Longissimus dorsi, &c., narrows at sixtieth ; two oblique ten-
dons given off at thirty-seventh ; the others behind, ere producing apo
neurotic sheath the spinalis dorsi, &c., its final tendons inserted frot
the sixty-fourth to the seventieth vertebral diapophyses.

¢ A series of levatores costarum, of moderate strength, and passing
from thetransverse processes to the ribs, existsin allthespecies ot whales
I have dissected.*

“1n the lumbar region of G. melas the intertransversalest are power:
ful, they diminish in strength forwards, and can barely be detected in
the most anterior dorsals and cervicals. In L. albirostris, whilst flesby»
they are shorter, owing to the close approximation of the very numerous
and long divergent transverse processes. In P. communis caudally
they are tendinous; in the lumbar region, semitendinous and fleshys #
superior and inferior division is noticeable.

« According to the development of the neural spines, cervical, dorsals
lumbar, and caudal, so are the interspinalesf stroug or weak. But as
a serics of muscular bundles they are, I believe, present in every cetd-
cean. They have been met with by me in five genera. ’

¢ Both Rapp$§ and Stannius|| have described in the porpoise a seb of
muscles linking together the chevron bones. They name these M. in-
terspinales inferiores. They are distinctly marked in Glubz’ceps, Grampi$
and the white-beaked Bottle-nose and Rorqual. They undoubtedly I’
gemble the interspinales superiores of these authors, but pass from on®é
chevron hiwmo-spinal element to the adjoining. 1 prefer to designatef

* Described also by the oft-quoted German authorities.

{The intertransversarii of the foregoing.

{1 The . interspinales superiores of the preceding writers.
$ Op. cit., p. g3. Il Op. cit., p. 40.
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them as interbamo-spinales, this term being more in accordance with
morphological anatomy. Stannius likewise differentiates and names as
. interaccessorii a humber of tendino-fleshy fascicles which intervene
between tho one and the other accessory spinous processes of the lum-
ar and dorsal vertebre, in a longitudinal direction. Thesc have not
been observed by me, but I am ineclined to regard them as intermeta-
Pophysiales.”
_As already urged there can be no doubt of the fact that the great in-
fracaudal or hyposkeletal muscles ot the tail of cetaceans arc in part
I,IO‘DOIOgous with the psoas major and minor of quadrupeds. In fact,the
nfracandal and sacro-coccygeus of Murie are but a system of psoas
Muscles prolonged rearwards together with candal muscles, and de-
veloped to an extent not encountered in other types. The quadratus
Amborum may also be represented. Whatever is the truth as to the
®xact homologics of these muscles, a fact which will not have escaped
'Fhe critical reader’s attention, is Murie’s mention of the final direet and
ludirect ingertion of the tendons of the caudal musculature into the
gukes, The psoas being represented in the bhyposkeletal muscnlature
18 thus found to have had its inscrtion greatly shifted in a posterior di-
Tection 80 as to act upon the flukes—degenerato pedes of Cetacca—in-
Steaq of upon tho lesser trochanter of the femur as in normal forms.
Vo thus find that the backward translocation of the mascular inser-
tions of the 1imb muscles which began in a seal-like type has reached
1ts extremest cxpression in the whales, in which we ean with certainty,

OWever, agsume this much of what is in reality part only of the psoas
®flanq forms, in which it is usually inserted into the femur.

T?is tendency towards a backward extension of its insertion is also
“'l“lllous’ for instance, in th.e rectus abdominis. M}u'm* remarks'of it:
‘Vithe Tectus abdominis, which .I have alread:v descnbe‘d, partly mingles
t the generative muscles, inasmuch as its posterior narrowed ex-
‘,rlflmlty and terminal tendon cnclasp the deeper fleshy s:truf:t-ures of‘ the

va and winds round each innowinate boue, finally being inserted into

'¢ neighborhood of the chevron bones.”

4 N
V I'\TIIE LUMBO CAUDAL PLEXUS OF NLERVES IN CETACIIANS.

sy,sl‘tl;e 011].:)-' published account of the ‘postcriorpa'rt- of the spi.uul.nervous
co In of cetaceans which I have beew gble to find and wh.xch is. at all
Wplete, is that given by D. J. Cunningham, based on disscetions of

¢ Dorpoise and dolphin.t In the porpoise, Cunningham found that
“,ee:f’i“ﬂl L:or(l extends from the foramen magnun to the interval l?e-
L the sixth and seventh lnmbo-caudal vertebre, and ends opposite

\l(i foraming, giving exit to the twenty-sevenilr pair of spinal nerves.

> 017. Cil., p. 28-8: i
, The §pinal nervous system of the porpoise and dolphin, Journ. Anat. and Physiol.,
» TP 200228, Pato VII.
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The filum terminale passes back into the vertebral canal for a shert dis-
tance and is lost. The origins of the spinal nerves are crowded together
in the cervical regien in correspondence with the shortening of the ver-
tebra: of this portion of the column. In the dorsal region the origins
of the pairs are farther apart, but from the lumbar enlargement hack-
ward they are much crowded together. The seventh, eighth, ninth,
tenth, and c¢leventh pairs of the lumbo-eaudal nerves unite to form the
cenital or internal pudie, but as there is no funectionally mobile hind
liml, the branches corresponiling to the genito-erural, obturator, ex-
ternal cutaneous, anterior crural and sciatic are absent. The internal
pudic is well represented.  Small twigs only from the seventh and
eleventh lumbo-caudal pairs enter into the formation of this nerve. It
pierces the great inferior lumbo-candal muscular mass, and passing
obliquely backward through it divideés inferiorly into several branches
which innervate the reproductive organs.

From the cleventh lumbo-caudal pair all the inferior divisions join t0
form the inferior longitudinal cord or plexus, the last pair entering the
lower cord opposite the twenty-sixth lumbo-caudal vertebra. The in-
ferior Tumbo-caudal cord supplies the psoas or infracaudal muscles B
Cctacea the same as do the ilio-hypogastric and ilio-inguinal nerves in
man.

The hinder pairs which go to form the great inferior and- superior
lateral cords, the first above the latter below the transverse processeS
pass backwards for a long distance, the hinder ones for about the exten?t
of nineteen vertebrae as a strongly developed bundle or cauda equinds
twigs from which pass out on either side, a dorsal one to the dorsal cord,
and a ventral one to the veutra) cord, through the intervals betweer
the ncural arches of the lumbo-caudal vertebre. The ventral twigs
pass down between the transverse processes.

The four great lumbo-caudal cords, two above the transverse Pro-
cesses and two below them in the porpoise, judging from the muscles
which they innervate in the latter, are respectively the homologues ©
the ¢ posterior” and * anterior” branchesof thelumbar nervesin man. Un-
like the latter, however, in consequence of the great bullk of the dors?
cxtensors of the tail, longissimus dorsi, crectores spine, and multifid?s
spine, there has also been a dorsal plexus differentiated which leads t0
the formation of the dorsal lumbo-caudal cord. Inferiorly the plexus
has not the limited extent posteriorly as found in man where it is par
tially represented by the lambo-saeral cord, but is extended backwa-rds
quite to the flukes, as the inferior lnmbo-candal cord.

Comparing the nervous system of the fish and cetacean, Cunningha®
remarks : ¢ I'rom the spinal cord passing so far back in the vertebrd
canal (in the former) it follows that the nerves which supply the caud?
apparatus have a very short course to run from their points of origin t
their distribution. Very different is the arrangement of the corre
sponding nerves in the Cetacea, which spring from the lumbar enlarg®
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ment at a point far in front of their areas of distribution. In the first,
therefore, there is no need for the longitudinal cords for the purpose of
couveying the nerves to the caudal apparatus—the spinal cord is their
substitute.” Ie also points out that tho vagus trunks running back to
the tail in fishes are not homologous with the lateral caudal trunks of
Cetacea.

While the adult anatomy of the caudal nervous systems of Cetaceans
and most fishes are dissimilar (for it must be borne in mind that some
Teleosts have a cauda equina developed, Mole for example), in the carly
embryonic condition the medulla spinalis of the mammalian embryo is
Without a cauda equina. This is so in the human fatus (vide Kolliker,
Entuwiclk. des Menschen) and is also the case in the Cetacean fartus ac-
cording to my own rescarches on the fatus of Globiocephalus melas,
Tepresented in Fig. 9, Plate I, where, as in the former, the medulla
Spinalis extends to the end of the tail, and, as shown by its microtomy,
Containg o central canal when examined in consccutive longisections.
It is thus rendered obvious that the mammalian embryo recapitulates
the ichthyopsidan mode of development of the nervous system, but
‘subSequcutly reverts to the more recently evolved mammalian type as
Tespects its posterior extension. Its rearward extension in the mam-
mal iy shortened in consequence of caudal degencration and the devel-
Opment of tendons as the terminal or caudal extensions of muscles
(1‘5"0101)(’,(1 from a succession of muscular somites or myotomes, from

eF“‘een which intermyocommal septa on fuscie have disappeared. The
D_r“mipnl musecles which may be considered to have arisen directly {rom
§11‘gle myotomes are thé intercostals and intertransversarii. The rectus
’? kno\vn, according to researches on fishes, to arise from the lower por-
Uon of g geries of successive myotomes, from between which intermyo-
€ommal fascize have partially or wholly disappeared. Other muscles,
ZZ{ﬁltlhas the.irapcz?'.us of man, arise ])I‘O.\Z.i!)l.illl" u'ccor.diug’ to embryologi-

! theory from 17 myotomes; the latissimus dorsi from 20; the rhom-
Oglﬂéius major ;1.11(1 m‘inor 1'?‘0111 5. 'l‘.he manner in which ‘th.e shifting
Sued? coursg 0? t.hc 111?e1's from the direction which ‘fh.ey ori p,:mally.pur-
iUSertjn flle anﬂcreutmted myotomes and the 11.(:(]UISltIOll of r.estrlc?ed
We m'10‘11; is S?l“ one of t..he greatest proble].ns of embryology, for wh}ch
Studie(s) opefully look tor\'mjd to a solution, only tl-lrough extens‘w‘e
) on the development of the muscular system irom the amphibi-
408 upward. :
mu;é‘ill‘eia‘l'l:augem(%nt‘:‘ differentiation, and great specifllizal,‘ion of the

omeg ;1 ‘b‘,s)stf:m-ol h_lghe.r forms thro.ugh the suppression of the myo-
oug sy,sts)b( (.'n in fish-like 101‘1.11§, has :.lﬂis(:te(l the (10\’01‘0pmen.t, ()f.tho nerv-
along th(}m) and led‘ to the dxﬂerent'latl.on not only of gung!mmc centers
ar eulw: course of the med.ullu 5:1)111;111s, such as t;he ‘cervwal and luu.\-
and .hiu‘dglfzments, from wlnch. arise the nerves fvhwh innervate t-he‘ fore
14 nang unbs? but also coudl.tlonetl ‘the evolution of the lllnb-l)l.o%uses
® equina. Aola, a fish which presents a remarkable differen-
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tiation of the lateral musculature, accompanied with extensive abortiot
of the myotomes, illustrates this principle. In this case, the tail being
aborted for the most part, the muscles of the sides of the thoraX,
which is much elevated, are prolonged backwards and end in tendinous
cords which actuatoe the rudder-like caudal as well as the dorsal and
anal fins. Tbe consequent advance of the origins of these muscles for-
ward admits of their nerve supply being sent to them farther forward.
We have apparently, as a consequence of this advance forward, the
restriction backward of the medulla spinalis.

The incomnsiderable development of the musculature of the puired
fins of most fishes, and the segmental arrangement of that of the ver
tical fins, would obviously tend to maintain the uniform backwardly
tapering form of the medulla spinalis, as seen in its simplest form in
Branchiostoma, in which we also behold the most unmodified and
archaic type of the myotome or muscular segment.

A consideration of these facts therefore leads me to state the folloy-
ing as a general principle, viz, that pari passu with the gradual sup-
pression of myotomes in the course of the progressive evolution of
forms and the differentiation of the musculature of the appendicular
skeleton was the medulla spinalis differentiated into regions and its rear
ward extension curtailed in consequence of the degeneration into ten-
don of the musculature of the urosome. .

While the muscles of the base of the tail of cetaceans are Pro-
digiously developed as rearward extensions dorsally of the erectores
and multifidus spine and ventrally as extensions of the system repre:
sented by the psoas of terrestrial types, they nevertheless, in the region
of the caudal peduncle end as tendons, these animals therefore so faf
resembling other land forms with degenerate tails, so that it is al-
together doubtful if motor nerve fibers enter into this portion at alb
the presence of sensory and vaso-motor tibers alone being indicated.

The Cetacea, according to Cunningbam, have the medulla gpinalls
swollen in the same way as other mammal in the cervieal and lumbal
regions, whence the liinb plexuses originate. A similar differentiatio?
is foreshadowed in the anterior part of the medulla spinalis of the
skate, Raia batis, according to Owen, in which there is ¢ a slight (D%
chial or pectoral) enlargement of the myelon, where tho nuu’nero.us
large nerves arc sent off to the great pectoral fins; a feebler brachid
enlargement may be noticed in the sharks. I have not recognized it
in osseous fishes, not ¢ven in those with enormous pectorals adapte
for flight, e. y., Fxocaetus and Dactylopterus ; in the latter the smaller
ganglionic risings upon the dorsal columns of the cervical region 0
the myelon receive nerves of sensation from the free soft rays of the
pectorals and the homologous ganglions are more marked in other !{ur'
nards (Trigle), which have from three to five, and sometimes six, pairs
e. g. in Trigla Adriatica. Similar myelonal cervical ganglions arc pres
ent, also, in Polynemus. 1n the heterocercal sturgeon there is 4 feebl®
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9Xpansion of the myelon at the beginning of the caudal region, whence
ft 18 continued, gradually diminishing to a point along the neural canal
In the upper lobe of the tail. In some bony fishes (trout, Blenny) the
caudal ganglion is not quite terminal, and is less marked than in the
QO(} and bream, in which it is of a hard texture, but receives tho last
Dair of spinal nerves.*

. ﬁl little furtber on the same author states that in Mole the myelon
. as shrunk into a short, conical, and, according to Arsaki,t gangliated
tI)Dendage to the encephalon. Alike singular modification, but without
w € gauglionic structure, obtaius in Tetrodon and Diodon, in a species of

1'“011 latter genus 1 found the myelon only four lines long in a fish of
. ajnchgs in length and measuring 3 inches across the head. The neural
o nfﬂ in these plectognathic fishes is chiefly occupied by a long ¢ cauda
n?“"l&-’ But, insignificant as the myelon here seems, it is something

l0re than merely unresolved nerve fibers; transverse white striz are
;Sﬁel‘nible in it, with gray matter, showing it to be a center qf nervous
0011(?, not a mere conductor. . In the 'Lophiu.s a loug cauda equina partly
Vert esls a short myelon, which terminates in 2 point a,bout;- the twelfth
Sivee ’.ra.. In other fishes the myelon is very nearly or quite co-exten-
Ilerv“l.th thfz neural canal, and there is no cauda' equina or bundl.e of
gay 6'1 oots in the canal ; a tendinous thread sometupes ties the terminal

'glion to the end of the canal.” (Owen, Anat. Vertebrates, I, 272.))
en; Gastrostomus Bairdii, & fish with an attenuated flagelliform tail,
eprnet‘lullu, spinalis at its extreme posterior end becomes very greatly
ici%e(-l S0 as to assumo it sections the fox:m of a flattened band in

1 Verlt 1s almost 1mpossi1.)1e to discerl? the existence of a central canal.
nectedy '.y_oung eecls the hinder end ot. th(? met'lulla appears to be con-
exton ‘\\ ith a globular enlargement which is quite terminal and possibly

Nal to the neural canal.

musm]‘;l?t%t tl%e reptiles, says O\.ven, «With -the exgeptior} of the anu-
graduaa rachia, t!xe myeclon (§p1na1 chf)rd) is contmueq iuto the tail,
equing y Sdecrez.lsmg to- a pomt-,.a.ud s not resolved into a ¢cauda
angd tO:;.d . uch, 111Qee(1, is its cgn‘d'ltlon in the tadpole §tate of the frogs
8hirinleg is’ but, with the ac‘qulsmon. of the mature iorm., the mye}on
i b n length and -tcmmnat-es .mldwa-y between' the fore and ln.nd
fory ,t ) 60111% r?solvcd in the frog into tho three‘ pairs of nerves which
(Anat v sciatic, and into a few filaments passing on to the sacrum.”
.+ Vertebrates, I, 295-6.)

; eo(‘]‘fiv‘flobment of the Anwrae therefore confirms the rule, which was
Wholg of ;h(tbove, as to the genesis of a cauda equina. In them the
of the mye]e caudaf,l muscul.atur(-a aborts, t'ogether with tl'Je caudal end

ent ang SOU,‘Wl'ule'the hind limbs attain an extrz‘lordx’nury develop-
dinary motl)f‘?clahzatlon of the muscular system, calling for an extraor-
~_J otor nerve supply such as is rarely encountered amongst fishes,

" Owen, Anat. Vortebrates, I, 271,
tDe Piscinm Cerebro et Medulld Spinali, 4to, 1813,
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and in the latter only when specialization of the lateral muscalatur®
has proceeded in another direction, as in the cascs of AMola, Tetrodon,
and Diodon. . The case of Loplius is more difticult to understand, though
it is a fact that several of the last candal vertebrm are co-ossified in this
genus into a rigid piece, a fact which very possibly indicates a corre
sponding modification of the musculature of the end of the urosome. 1B
respeet to the other modifications, that in Gastrostomus, for example, is
correlated with the development of a flagelliform tail; that of the eel
is not so easy to understand.

The wanner in which the lumbo-caudal plexus of cetaceans is devel
oped is not wholly without partial parallels, for the lumbar nerves 28
they are continued beyond the end of the medulla spinalis subdivide
and give oft branches to the dorsal and ventral cords external to the
neural canal. It results in this v ‘ay, that two series of commissures aré
formed, a dorsal and a ventral one; but the latter is in reality formed
of fasciculi whicl are sent down {rom the dorsally-placed cauda equinds
between the transverse processes; the continuous accession of such fas:
ciculi by the ventral trunk, as well as by the dorsal, from each lateral inter”
spinous opening, leads to the formation of what have been called ¢ cords;”
but they really represent a continued plexus, the segmentally arranged
fasciculi of which are easily separated, as I tind in Phocena, and trace
to their sources. Such a splitting or subdivision at each vertebral seg-
ment is apparent in the last pair of lumbar nerves, forming part of the
short and rudimentary cauda equina of Rana. The formation of the
so-called lumbo-candal cords in Cetacea s obviously occurred through
adaptation in response to the requirements of the caudal musculature
The suppression of the craral, obturator, and sciatic pairs, on account
of the abortion of funetional hind limbs, has left over the nerve 1)ﬂif's
ordinarily entering into the formation of those trunks, so that thell
howmologues are sent baek into the tail, and they thercfore potent-iully,
it not actually, enter into the lambo-caudal plexus, and thus ultimately
send filaments at least to the caudal muscalature, and not improb:lbly
sensory fibers to the flukes,

If it is admitted that inclusion and abortion of the fanction of the
hind limbs has occurred in the way that I have urged, a transfer of the
crural and sciatic fasciculi from the limbs to the tail inust have oceurret
The anatomical facts show that such a transfer has taken place. 1 there
fore see no reason to doubt the sufficiency of my hypothesis, because
find no evidence of the presence of the nerves which ordinarily pass to
the bind limb, as such; on the contrary they ought to Le found incor”
porated into the caudal plexus according to the requirements of the
Lypothesis. One set of muscles have been almmost wholly, or, in som?®
cases, entirely suppressed, and their offices assumed by another S¢b
either of which the same set of nerves can alone supply with mOtO‘
imnpulses. Then comes in the suppression of myotomes in the extensol
and flexor muscles of the tail, in Cetacca, for instance, where the wyo
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tomes over 12 to 14 vertebrz are obliterated and converted into tendon
Posteriorly, so as to call for a new mode of distribution of the nerves
different from that which obtains in fishes in which the paired nerves
In4d muscular segments correspond almost exactly in nmumber with the
Yertebral segments.

VII-*TRANSLOCATION 0 THE DISTAL 1ENDS OF THE HIND LIMBS
IN TIIIS SIRENIANS.

The fwtus of Halicore dugony, tigured by IIarting,* about 11 inches
Ong, Fig. 22, Plate III, shows the flukes well developed and of much
t_ € same form as in cetaccans., Judging from the permanent adult
form of the tail of Manatus (outer outline, Fig. 20, Ylate 11I), which

aS the most radimentary type of fluke, found ecither amongst ceta-
Ceans or sirenians, it is probable that the flukes, in those types having
them ey developed, viz, Halicore and RKhytina, grew out as in the for-
Iner as low lateral horizontal folds. It secms thatin Manatcee the flukes

aAve been arrested in development so that they simulate somewhat the
'@arly stages of the outgrowth of the cetaccan flukes, as shown in the
dccOlnpzmyin g figures of embryos of the latter.
Slleg' thqse f’ossi% forms-wh'icl'l are less degenerate th:‘m the existing
cSCles, Halitherium Schinzi, for example, had the rudimentary femur
h:;eited backwards .tow'a-r(]s the ﬂukgs just as il.l the tibia .in the.exist-
Sivg fetz\'xcem)s am} pinnipeds, accc‘)rdmg to the interpretations .ot_ Lep-
5T who has given excellent figures of the skeleton of this type.
nm’(;”i;.]i‘rectiou ot: the fempr, as already urged in the case oi." anu-logously
su Stltd ‘forms, 18 very siguificant, and goes a gr 3;1t," ?vay in lxel.pmg ?o
Autiate the view that the flukes are also modified bind limbs in

9 8irenjans.
on :1 ifalith'crium the're is a well-('lcvelope(l zu:etnvl)llllm‘ fussa dcvi':lf)pcd
femy belvie bones for t.hc reception o-f the h('*,a,fl of the femur. ' Neither
fanay nor acet"Pl)ulum is developed in t-l}c living genera {Ia.lfzvcore and
: ce. Rbytina probably had the pelvic bones as well developed as

alu;()rc, in which they are present as two pieces, an anterior prob-

. Vizo.rresponding to the ilium and ischium .of nf)rmal mammals. The
emenltn J'I‘Ianatce‘ seems t(? be cmn‘poscd of o single :‘1.1most; quadrate
ex re;né’ as seen 'trom the side, and is so r.educed that it represents the
a8 My 1:35\(;(7)11'(}&1011 of u-troppy of the pelvic el‘ements yet knofvn, unless,
it jg aito;r -‘tl- 1‘1'ue thm}(S, :ttte'r an unsucecesstul search for this element,

Thi cgt 1er absent in Iogic, t}le pygmy spcrn} wh.ulc. . )

—_— ndition of degeneracy of the pelvis of sirenians is manifested

“
Derp i s .
ur leL:er’l)tIQIl de 'wuf et du placenta de Halicoro duagong, suivie de considerations
Plﬂcentulour taxonomique ot phylogéuique des caractdres différenticls, fonrnis par le
. 1 2;‘ d(;s mnmiferes,  Tijdsclrift der Nederlandsche Dierk, Vereen, DL IV, 1879,
<, pls. I-IT
t Halis .

e]r}-l:-lh.theri“m Schinzi, die fossile Sirone des Mainzer Beckens. Abhand., des Mit-
tischen goolog. Vereins, I, Lieforungen 1 and 2, 4to, Darmstadt, 1831 and 1882,
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in three well-mmarked stages, starting with Halitherium and ending with
Manatec. The extreme degeneracy of the pelvis of the latter it would
seem is in keeping with the undeveloped flukes of this type, which are
mere rounded expansions of the tail, which seems to be simply flattened
and widened posteriorly into a sort of spatulate form, as in Fig. 20,
Plate 111, showing in the outer outline the form of the adult and in the
inner outline that of the tail of the embryo, both being quite unlike the
tail of Halicore, Plate 1II, Fig. 22, and Rhytina with their pointed
flukes.

That Halitherium ever possessed external limbs appears to me to be
exceedingly doubtful inasmuch as its femur is more rudimentary thanl
in Balawna mysticetus, and no tibial rudiment seems to be developed.

There is no dorsal fin developed in any one of the three genera 0
sirenians which have fallen under the observation of naturalists.

As to the affinities of the sirenians, I think it very doubtful if theY
are to be regarded as having descended from the same mammalian type
as the cetaceans, for, with the exception of the degenerate pelvis and
distal remnants of hind limbs, they diverge from the normal type far
less than do the cetaceans; in fact, relatively but little more in otherl
respects than do the Pinmipedia. That it is possible that they were
differentiated by a process similar to that which has brought about tho
modification of the cetaceans, but from a quite distinet form, I think
guite conceivable.  Indeeditis quite easy to understand that a perfectly
similar change might be induced in two types originally very grea.ﬂ).’
dissimilar through the long-continued action of similar influences atr
fecting the functional adaptation of the hind limnbs, as already suggeste(
in the case of" Ichthyosaurus.

The iength of the free parts of the pectoral limbs of the fietal Dugong
described by Harting was almost exactly half of the total width across
both flukes, the length of the former being 5 centimeters, and the traps
verse width of the latter 10.3 centimeters. This is a very suggesbiw
correspondence, but need not be insisted npon as indicating anything
like so near a likeness between the manus and pes as in Cetacea, be-
cause the fore litub in Sirenians bas the arm bones better developet
than in the former and extended outward farther beyond the Jevel O
the common integumentary covering of the animal. The nails are als?
more or less well developed o the manus in the manatee.

The smallest feetal sirenian of which I have been able to find figure®
and a description is by Prof. B. G. Wilder.* This specimen, of whicl )
reproduce Wilder’s original figures, measured 2.3 inchies from the verte>
to root of tail, 3.7 inches if fully extended. Greatest width of tail -
millimeters or nearly one-half inch. A view of the hinder part of this
embryo, Fig. 20, Plate 111, from below shows that the trunlk is Inu'U
more abruptly swollen at the pointin front of where the tail l)egmfs

jeestty

* On a fetal manatee and cetacean, with reimarks apon thoe aftinities aud st
of the Sirenia, Amer. Journ. Sci. and Arts, 3d ser. X, 1875, pp. 105-114, plate vIlL
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than the adult, as shown in the outer outline, Fig. 20. The flat lobes
of the tail are relatively not as wide transversely as in the adult, and
are more gently rounded laterally so as not to have that squarish
Posterior outline from above as in the adult. It is thus very evident
that the tail of the manatee in all probability at first grows out as in
the Cetacea, as a low longitudinal fold on the side of tho tail.
. Wilder, however, describes and figures a feature in this embryo which
18 Drobably one of the most important which we have had to discuss in
IS paper. I refer to what he calls a median papilla. Hesays: “The
tail forms nearly a right angle with the trunk. Upon its ventral border
rear the tip is a minute median papilla, which does not appear to have
€en observed in larger specimens, but there is no trace of the notch or
* Yepression described by Dr. Murie in both of his specimens.” (P. 106,
* ¢.) T have italicized part of one of his sentences.
This « minute median papilla” is obviously nothing more than the
as remaining vestige of the end of a tail exserted beyond the lateral
(;)mges or flukes in this type, and which, as development proceeds, is
Vered in by the tail folds from before backward ; that is to say, as the
iI:lkes or pedal folds during development grow still more in length they
clude this papilla, and finally leave the median notch figured by Murie.
as : above is nearly the same as what happens in the embryos of Cetacea,
i .he flukes become falcate, when the tip of the tail proper is found to
In a more or less well-marked notch, Fig. 15, Plate II, between the
ll_kes of opposite sides, whereas in the very carly stages the tip of the
tul ?roper, and not the fluke, is the most posterior point of the crea-
T'®’s backward extension. .
Seeulllt Professor Wilder expressly states (op. ¢.) that ‘it may at first
strange that there are no traces of hinder limbs in this fostus, and
Deadtafhe front limbs are not more like the legs of its supposed quadru-
(- ancestors.”
Sent tis py no means ¢mpossible that an embry(? just forming would pre-
type ,l;udlmentary hind limbs in accordan(.:e with the 1-1sua.l vertebrate
that'u When farbher along, Professor Wilder states in his summary
an ex tlus,. Wlnl'e contrary to the usually accepted rule, may be really
o ani"mbhﬁcatlon of a more comprehensive law, namely, ‘that.the younyg
is to a”%lals resemble their ancestors,” he has stated a generalization which
ow § arger extent true than generally supposed, as I have sought to
n previous papers. :
© question here, however, is, have all pxternal traces of hind limbs
o tsal;fd? Thg median caudal papilla we have regarded as the.end of
o tail tl‘;lmper in the fetal manatee; the great lateral expansions of
Vestiges erefore become comparable to l.atera.l limb folds or to the last
atrop, of exte.rual limbs, heredity baving attempted aft;ex: complete
1Y of the hinder limb skeleton to repeat the story of their develop-
fille .Wiflc: it has happened that their present conditiou‘ as latera'l folds
comparatively undifferentiated mesoblast coincides with the

Vanj
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first stages of the development of the vertebrate limb.  In other words,
the general law that the first stage of limb-growth to be evolved by the
class is the last to disappear is here most emphatically contirmed by the
development of the backwardly translocated distal vestiges of the limbs
of sirenians.

The argument from Pteronura here also utterly fails to be satisfactory
because the terminal exserted end of the tail of the fustus of the Mana-
tee shows that the limb folds are truly to be considered lateral as in
other vertebrates, and are not evolved from a continuous marginal caw-
dal ridge or fold extending along the whole length of the tail, but from
short folds representing limb rudiments which have been derived from
functional limbs. '

A consideration of the muscular system is important in its bearings
upon my hypothesis,so it will be desirable to cite Murie’s * observa
tious on the muscles of this region of the Manatee. We will first note
the dorsal muscles of the tail, or those lying above the vertebral col-
umr. :

“What corresponds to the combined or continuous spinalis dorsi and
levator caude internus is a long, narrow, but in the back vertically, deeP
muscle, which runs from the neck backwards as far as the end of the
tail. Aunteriorly, where laterally compressed but fleshy, it fills vertically
the lollow between the cervical spines and transverse processes. OS5
teriorly it becomes tendinous and aponeurotic, and is fastened to tho
candal vertebra superiorly.

¢ There is a massive and in great part fleshy longissimus dorsi, whi"h'
extends outside the last from the first rib backwards to the very evd ©
the caudal vertebra, thus including what constitutes the levator cand®
externus of most other mammals. TLike the preceding, the tail-tendons
are interwoven into an aponeurosis, partially fixed to the transvers®
and to the spinous processes.” (Op. cit., p. 144.)

The ventral or hyposkeletal, lumbo-caudal system is not prolonged
so far forwards, and has a posterior insertion different from the dorsi
set.

¢« The first and notable muscle is that whicl in the profile and under”
view appears as a great and only mass filling the interval between the
last rib and the caudal extremity and the space between the chevro?
bones and the tips of the luinbo-caudal transverse processes. This 857
pect is in some respects deceptive, as the muscle, when ma.uipu]ated by
the scalpel, is found to be only one of two thick and long layers occlt
pying the area in question. The saperficial stratum or musculo-tend”
nous lamella arises from the outer halt and inferior surface of the 138
rib, being here partially overlain by the external oblique and pann¥
culus ; thence, with inwardly oblique fibers, it is inserted mesially frou
the third chevron bone backwards to tke termination of the spinal i

* On the form and structure of the manatee, by Dr. James Murie, Trans. Zool. S0¢

L(!udou, VIII, 1874, pp. 127-202, pls. 17-26.
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umn, ang outwardly is fixed to the tips of the transverse processes.
AIlteriorly, the muscle is strong, thick, and very fleshy ; but lmlt’»\*a.y
along the tail, and nearly throughout the widdle line, it beecomes tendi-
Nous, by degrees thinner, and towards the end is little else than a glis-
te“ing aponreurotic fascia with coarse, tough fibers. Thesefibers, when
Unraveled with care, separate into broadish tendons, one to each ver-
ebr"e, which posteriorly commingle with the great flat-tail aponeu-
Tosig,
“The second or deeper wmuscular lamella, also taper-shaped, is, as a
“’hole, much thicker and fleshy, but not quite so broad as the last.
SSides g very small slip anteriorly derived from the last rib, it has
Tm attachments along the under surfaces of the two lambar and all the
Caudq] vertebre, filling the interspace betwixt the vertebral bodies,
€ 8ides of the chevron bones, and the distal extremities of the trans-
Ise osseous elements. This sheet, like the former superficial one, is
Sshy anteriorly and tendinous inwardly and behind, Its terminal
8ciz op tendons are more cord-like, and with less difficulty resolvable
'0to separate elements.” (Op. cit., pp. 145, 146.)
. Murie then continues and describes a lateral subcaudal muscle,
“.'hieh is of considerable interest, in ‘that it sends its tendinous inser-
fmn backward to the vicinity where the margin of the great lateral tail
(.)Ids end anteriorly. Ilis account of it is as follows: ¢ Lastly, if con-
smered amongst the subcaudal muscles, and not what it to sowe extent
s"nllla.tes, a continuation of the sacro-lumbalis, we have the lateral
or Superficial outlying fusiform muscle intermediate between the dorsal
% Ventral surfaces of the tail. This nume.rically fitth infracaudal
na‘;?:)’:leaol;urrow, rouadish, a}ld tapering, lil‘dS. f)ri.giu clo..se to the tef'mi:
the sacro-lumbalis, from the cartilaginous tip of the trans
zerse Process of the sacral or first true caudal vertebra, and lies hori-

vV

s:’ltally along the next eight processes. It terminates in o long but
,-t:}ng tendon upon the surface of the subcaudal muscle, mingling with

ascia”  (Op, ¢it, p. 146.)
I Murie also speaks of an anterior subcaudal pair, which are marked
Wadragys lumborum in his plates.
agreq ile. the writer would uqt w.ish to appear hypercriti(%zll, h‘e canno't
I’OSkelmth Murie and Stannius in .reg:}r(l to the h.omolf)gles of tlfe hy-
ing g eta} muscles of the tail. It is o't course obvious {rom the pfeced—
Maua‘iscrlptlou that the whole of tche infracaudal nmsculu.r mass in the
omy ¢o cannog })e hmuo]ogize(.l with the Dpsoas museles of l'mmz‘m‘aua.t;-
b“ll(’lle:tolft l? ovidently impossible to homo}o.gliefthe atl{tfl;ﬁz lxlmf:(:;]llt'
362 . > - ol > . ap fae

¢ two lumtbl'(l3 'dfb?(ilb?tn tl}f}bl? mu!thl'LS, z;;:lléﬁali(?;;e plsoas magnus of

Mgy, Obyi ,.1 \‘e}tu I, “1t. anything el 16 bsous 1 o
Viously, if woe bear in mind the importance of serial homo

Do a’s he 11111&:01110.1‘ slips arising frlom and behind the sa-crun-x cannot b((;
» And dnfracoceygeus and sacrococcygeus may thercfore be goo

ha, .
1€8 for those hinder portions. The inner pair of muscles alluded to
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above as quadratus lumborum, have a far better right to be considered
psoas parvus than to bear the former name, because it must be rement
bered that the vertebrz from which they arise, though dorsal in Mand-
tee, are lumbar in man.

It is thus made evident, it seems to me, that tendinous terminations
of a muscle in the Manatee perfectly homologous with the psoas usually
inserted into the trochanter minor of the femur of normal forms, actually
find their way to the tendinous aponeurosis of the great flat tail which
represents the feet of normal forms. This would scem to follow from
the consideration of the arguments adduced in favor of the doctrine thab
the insertions of certain limb muscles are translocated backwards in
the pinnipeds.

The fibers in the great lateral tail folds have a generally backward
and outward direction from the spinal column, according to Murie’s
figures, and the great medullary plate of “aponeurotic fibers” along it8
inner border or attachment to the side of the caudal chain of vertebr®
lies below the level of the transverse processes, its anterior portiol
showing a very strongly marked inclination to assume a ventro-la.tel‘fv'*l
position, which, if continued forward, would strike the pelvis lying someé
distance below the axial column.

It is probably along this line extending from the pelvis to the flukes
that the atrophy of the limbs of the sirenians has occurred.

VIIL—ON WHAT APPEAR TO BE TACTILE IIAIRS OR VIBRISSZE N
CETACEANS AND SIRENIANS. '

A few scattered hairs are found about the lips of the adults of som®
of the right whales, and it may be interesting to call attention to an
embryonie trait of Rhachianectes. In an embryo of Rhachianectes, Fig:
1, Plate I, there are present minute dermal pits having a very singulat
distribution between the external openings and the tip of the muzzle-
A smaller number of them are found just below the edge of the lower
lip, as seen in the side view of this embryo. The distribution of these
rostral hair follicles is shown from above, in IMig. 2. There is som®
evidence that these structures, as in those from which the vibriss® ©
the upper lip of Carnivora grow, are arranged in rows, but not so reg
lIarly as those shown in the embryo walrns, as seen from the side. In
the embryo kitten about an inch long, asin the walrus, they are confiné
to the upper lip on the sides of the muzzle, and are limited to a sma
circumscribed area somewhat elevated from the adjacent integumen™
In none of the other cetacean embryos studied by me were these r!
for the vibrissie so numerous as in Rhaclianectes, and in an embry© 0
Phocena communis, Fig. 7, there is a single row of seven of them on
either side of the muzzle lying in a shallow groove one-eighth of an inch
above the edge of the upper lip; none present on the sides of the Jower
lip. In the younger ones and in Globiocephalus they were not pl'esen
or at least distinguishable with the aid of o pocket lens.

1
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In an advanced feetus of Phoocena communis, in the museum col-
lect:ions, there are present on either side of the snout two strongly de-
Vf’l‘)DEd vibrisse in the situation corresponding to the position of the
Vibrissal pits or follicles noticed in & much younger specimen, in which
t}feSB are, however, much more numerous. This advanced stage was
klndly brought to my notice by Mr. True. Eschricht, however, calls at-
tention in his Untersuch. iiber nordischen Wallthiere to a number of the
®arlier allusions to the occurrence of such hairs on young cetaceans,
f.i_guring the distribution of the follicles which give rise to them, espe-
el:‘my those seen on the snout of the fwtus of Megaptera longimana,

§.16, Plate II, between the blowholes and the end of the muzzle,
W_here a considerable number of dermal follicles are shown as elevations
of the integument, though they do not show much greater regularity
of arrangement in rows than do those of Rhachianectes. Eschricht also

8ures their follicles in a foetus of Balenoptera rostrata, Figs.18 and

9 Plate 1I1, where three are shown above the margin of the upper lip,
04 four on the lower, the upper series being arranged more like the
%¢ven shown on the upper lip in Fig. 5, Plate I, or in a single row,
vet it appears in this last case, after comparison of this stage with
ter ones of the same species, that only two of the follicles develop
outwal‘dly apparent bristles, five of them subsequently aborting when
®Young animal is about a footin length. Between this last-mentioned
ge and the adult condition the two remaining vibrisss seem to disap-
®&r 80 that in the adult Phocena no vibrisse are distinguishable.
nia, with its feebly developed dorsal fin we have already had occasion
Dotice as less specialized in that respect than other forms, has the
s}?& Provided over both its mandibular and maxillary halves with

Ort bristles, apparently indicating that in this form there has been a
;;ss marked loss of what were once, in part at least, vibrissse, such as
Ine found over the upper lip of fissipeds and pinnipeds, and below the

Yuth and above it in Dicotyles.
an he 8trong short vibrisse of the walrus on the sides of the muzzle

d the vibrigss found within the inflected margins of the lips of the
ana&natee are somewhat similar, but it is very possible that the protractile

Tetractile lips of the latter animal enables it to use these stiff bristles
a prehel‘xsile organs, and in part as substitutes for incisors in grasping

feeq tearing off the soft aguatic or marine vegetation upon which it
AR .

The distribution of the vibrisss® on the smout in carnivorous types
in 1;18 to be mainly over the sides of the muzzle above the mouth, but
Doty oy, L8Ulates, especially the suilline group, vibrissm are found
Doi%:bov‘? .and below the mouth. Inasmuch as t.he .wha,h?s -a.n.d por-
8ible exhibit both of these distributions of their vibrisss, it is impos-
wil) b draw any conclusions from their mode of ‘al_'ra.ngen.xent which
mogt, ® of any value in determining their taxonomic relations. Thfa

_tha.t can be said is that the Balenoid cetaceans seem to approxi-

8. Mis. 70—31
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mate the suilline Ungulates in the distribution of the vibrisse in the
feetal condition. The Delphinoid forms, on the other hand, show three
types of distribution of the same organs, namely, that seen in Im'éf:
which approaches that of the pigs, that of Phoowna, which approxt
mates slightly that of the Carndvora, and a third which approaches
neither, all indications of vibrissm being absent even in the femtal cOD
dition. That the distribution of tactile hairs cannot be of much i®-
portance in taxonomy is shown by the fact that a cluster of tactile hairs
is found above the eyes in the pig, dog, and seal, and another at the
lower border of the cheek near the angle of the lower jaw in Dicotyles
and Cants. :

It may occur to the reader to ask why the dermal follicles found about
the muzzle of cetacean embryos should be considered to give rise to
vibrissz and not simply to hairs. The reasons why I chose to consider
them in the former light is this: They resemble singly very strikingly
in the cetacean fetus the appearance of the single follicles forming the
cluster found in the same vicinity, but above the mopth only, in theé
feetus of the cat and seal. A tactile hair or vibrissa is only a hair de
veloped to an nnnsual size, and in Cetacea as well as in Oarnivora thes®
organs seem to have their follicnlar rudiments formed in the latter &
least before the follicles which give rise to the general hairy covering
of the body are apparent. Their situation . lose to the mouth is another

‘reason. The remarkably regular arrangement of the vibriss® of the
muzzle of Carnivora in rows, which may be traced in two directions
an acute angle with each other, ig not apparent in any cetacean.

In none of the early fatuses bave I found vibriss® actually developed
50 a8 to be outwardly visible s the follicles which give rise to the latter
alone seem =o far to have been formed in the feetuses. This is the ¢38°
so far as 1 have been able to make out in both the early fotuses of O
nivora and Cetacea. :

IX.—SUMMARY.

The results of the preceding studies may be briefly embodied in t8°
following paragraphs :

1. The structure of the pinnipeds indicates that the process by whicl
their hind limbs weredirected backward and partially included togethe’
with the tail in a common integumentary investment, wounld, if ex88.
gerated, lead to the transloeation and fusign of the feet with the €n
the sides of the tail as in the cetaceans, in which the now degener? e
backwardly-displaced feet are represented by the flukes. .

This general thesis is supported by the following minor conside”ﬁ;a
tions which have been developed in the successive subdivisions ©

preceding memoir as follows: 0
1. The inconstancy of the dorsal fin ; its variability in s1ze, from not
at all to a well-developed one, and its variable position. g its

2. The nou-conncction of the dorsal fin with any muscles %
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Mmedian Hblnod supply. Its late development in the embryo after the
bectoral limbs and flukes are formed, and its evolution from a median
dorsal tegumentary fold or carina. _

3. The presence of a well-marked cervical constriction in early ceta-
Cean fmtuses, indicating a closer affiliation at some remote period with
amblll&tJOI'y amphibious or terrestrial mammals than the type now
Wanitests, .

4. The probable evolution of extra terminal phalangea) segments in
the digits of Cetacea from cartilaginous terminal prolongations of the
Utgual phalanges developed in a seal-like ancestral type.

5. The presence of two sets of vessels in the flukes corresponding to
4 dorsal and a plantar set, and arranged somewhat aftor the manner of
® vessels on the manus, and the probably similar position of the
allux anq pollex on the outer border of the manus and pes in the

Yotocetacea as well as in the Pinnipedia.

6'.Th0 connection of the hyposkeletal muscles of the tail with the
Bukeg by tendinous fibers or fascia in both Cetacea and Sirenia as a result
f the translocation backwards of the insertions of the muscles corre-
;p Ouding partly to the ilio-psoas, which is partly inserted in terrestrial
OTms into the femur. " .
li 7. The tendency to shift the insertions of the muscles of the hind
ivmt-’s rearward in pinnipeds, a process which was also presumably act-

®In the protocetaceans. '
o 8. The belated outgrowth of the rudiments of the hind feet (flukes)

Cetaceans, in conformity with the general embryological law that the

Wiment of fore limbs in vertebrate embryos generally appear some-
a at earlier than the hinder ones. Degeneracy in the Cetacea has also

€cted their unusually belated outgrowth in this type.
ra d-‘ The lateral position of the flukes, as corresponding serially with

ments of hind limbs.
blio. The mode of development of the flukes as divert,_icula of the epi-
mexslt filled with indifferent mesoblast the same as the primary limb rudi-

11ts of other vertebrates. 4

* The hypertrophy of the caudal musculature and skeleton of the

Oe:.ace“ and the differentiation of the tail vertebre into two well-marked

les,

skl2' The atrophy in cetaceans of the elements of the pelvis and limb

n eleton in exactly the inverse order in which they are developed in
Ofmal forms. .

of fh The tendency to degeneracy of the pelvis and proximal elements

e‘_limbs of pinnipeds, which are tending to degenerate in the same
tion as have the same elements in the cetaceans.

Y the tendency in cetaceans to prolong the lumbar plexus
8 the tail to supply the cenogenetically developed candal muscu-

direg
1:"Wa.-rd
lature;
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15. The direction of the axis of the bones of the crus, when devetoped;
towards and in a line with the pes in swimming, in both pinunipeds an
cetaceans,

16. The direction of the axis of the rudimentary femur in Halitheé:
rium, and the tibia in Balenra, towards the flukes. .

17. The presence of a supposed free rudiment of the tail in the foetus
of the manatee, which is exserted beyond the flukes. .

18. The effect of the translocation of the paired limbs as observed 12
other types, especially as indicating that the outgrowth of the limb
folds in advance of or behind their original or archaic site is jnfluenced
by heredity, which acts more powerfully through immediate tha®
through remote ancestry, in this as in many other cases.

EXPLANATION OF PLATE 1.

Reference letters: a, anus; b, blow-hole or holes; cl, clitoris; d, dorsal fin; e, exf,ernﬂl
asuditory meatus; f, flipper, or fore limb; A, lateral fluke folds or outward mdimenw
of pedes; m, mouth, in Fig. 8; p, penis; «, umbilical cord or navel-string.

Fig. 1. Female fmtus of Rhachianectes ylaucus, or California gray whale, natursl
sizo, scen from the side, showing the distribution of the follicles for the vibrisse on th®
snout above and below the cleft of the mouth (N. M. Coll.).

Fig. 2. Head of the same, seen from the front, showing the separated blow-holed
and the follicles for vibriss® between the nostrils and the tip of the snout.

Fig. 3. Sketch of the perineal region of the same, as seen from below, showing tne
anus, the vulva bebind the clitoris, and the very minute mammary fosse or ©¢l¢
on either side of tbe latter.

Fig. 4. The tail of the same, as seen from below, to display the rounded or Jobe-1ike
fluke folds.

Fig. 5. Male fetus of Phocena ocommunis, natural size (N. M. Coll. 14294, Provinc®
town, Mass., Freeman & Hillman), showing follicles for seven vibrissm on the side ¢
the snout above the mouth,

Fig. 6. View from below of the perineal region of the preceding.

Fig. 7. View from above of the tail of the same.

Fig. 8. Side view of a somewhat damaged fwtns of Phocana (N. M. Coll. 11204,
Eastport, Me., G. B. Goode.)

Fig. 9. Side view of u female fetus of Globiocephalus the Caaing whale or plaok”
tish, natural size (N. M. Coll. 14295, Wood’s Holl, Mass., V. N. Edwards). a8
Fig. 10. View of the tail of the same, showing the very low horizontal fluke fol

Jjust beginning to be apparent on the sides of the end of the tail.

EXPLANATION OF PLATE II.

Fig. 11. I°cetus of tho narwhal, natural size, from the side. After Eschricbt:

Fig. 12. Malo footus of thoe white whale, Delphinapterus, from the side. After E
richt. .

Fig: 13. Male foetus of Delphinapterus as seen somewhat obliquely from belo™:
natural size. After Eschricht. _ (be

Fig. 13a. Tail of the preceding, showing the first stages of the outgrowth of
fluke folds. After Eschricht. tin-
"~ Fig. 14. Fetal kitten, twice natural size, to show the relatively early differen d
tion of digits and the outwardly apparent wrist, elbow, ankle, and knee jointﬁy &
the similarity in curvature of the cetacean and fissiped embryo of relatively the 68
age. Yrom a specimen given me by Mr. J. L. Wortman,

sch-
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Fig. 15. Diagraminatic figure illustrating six stages of the outgrowth of the flukes

o %taceans’ the successive contours being compiled from various sources; the last

“Stage 'being approximately that of the flukes of the adult to show the way in which
© candal notch is developod over the end of the tail.

€ 16. View of the top of the head of a foatus of Megaptera longimana, natural size,

ch:il::(l):: the arrangement of the hair follicles or vibrissm on the snout. After Es-

ln]i;,g 17, View of right flipper or fore lirab of the fetus of Globiocephalus represented

wit 8.9, Plate I; drawn after the whole limb was detached and rendered transparent

h clove ofl, Enlarged 16 times, & humerus, » radius, « ulna, p pisiforme, I pollex,

&)
od 11, 1q1, IV, and V, digita.
EXPLANATION OF PLATE III
bloFig. 18. Head of male feetus of Balmnoptera rosirata, natural size, showing the two
Ohr?.hh:les and three follicles on cither edge of the snout for vibrisse. After Es-
c .
edFig. 14, Side view of the same fetus displaying four follicles for vibrissm below the
8%?1 ‘?flt‘he lower lip, and showing the median notch at the eud of the tail. After
richt,

um‘E: 20. The inner contour lines show the form of tho tail of a fatal manatee, nut-
in 8128, from below, with 2 mediau papillu near the cnd and within the lower mar-
The U8, ol. clitoris. After Wilder.
feot, ]Oollter contour shows the configuration of the tail of & young male manatee 4
natur:;g’.as Seen from above, and reduced fromn Murie’s figure to nearly one-ﬁfteel.lth
81z in order to show the changes of form undergone by the tail in passing
lf'i‘gthg“lfmtu.l to the adult condition.
* L. Female fotus of manatee, 3.7 inches long, obtained by the late Professor
. carn’ and figured by Wilder. Natural size, viewed from the side, a point of elbow,
-PUS, 7 nostril, ¢ ear. After Wilder.
nmbigl.‘ 22. Male fwtus (1) of Halicore dugong, ono-Lalf natural size, n nostril, ¢ ear, %
1cal corq, P penis (1), a unus. After Harting.
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