XX—~ON THE DEVELOPMENT OF THE CETACEA, TOGETHER
TH A CONSIDERATION OF THE PROBABLE HOMOLOGIES OF
E FLUKES OF CETACEANS AND SIRENIANS.*

By Joux A. RYDER.
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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
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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



[7] DEVELOPMENT OF THE CETACEA. 433
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.






