XXXVIL.—ON THE ORIGIN OF HETEROCERCY AND THE EVOLU-
'TION OF THE FINS AND FIN-RAYS OF FISHES.

By JouN A. RYDER.

“ Allos Gewordene, im Reiche der Natar, wie in der Geschichte, ist nur durch sein Werden za be-
Breifen und die Entwickelungsgeschichte ist in diesem Sinn fiir den Naturforscher vollkommen das-
salbe, was die Weltgeschicbte fiir die Menschheit."—BRUCH: Wirbeltheorie des Schédels.

INTRODUCTORY.

_ The following paper i8 the outgrowth of scattered observations made
during the last four years on the development of fishes,and in order to
lake the results available, it has been thought best to bring them to-
gether in a permanent form. The portions which do not seem to the
Teader to bear directly upon the theory of the fins, which it has been
Sought to establish, may be regarded merely as collateral or supple-
Meatary, and are introduced to farther illustrate the Kinetic or mechan-
ical hypotheses of evolution of structural differentiation through the
Voluntary or habitual movements of anintals, which the author has-
Previously advocated in other publications in relation to other sets of
organs. Abstracts of some of the special results here published in full
have already appeared in another place.* '

The views here put forth in relation to the way in which the morpho-
logical Qifforentiation of the fins of fishes has occurred, rest partly
upon facts of my own observation, but I must express my great indebt-

. edness to the researches of L. and A. Agassiz, especially the latter, and
Vogt, Dohrn, Th. Lotz, Balfour, W. N. Parker, Huxley, and Kolliker,

Whoge labors have prepared the way for me to co-ordinate many of the
known facts and establish doctrines founded upon the theory of onto-
geny, respecting the origin and differentiation of the fins, both paired
and unpaired. Acknowledgments are also due from me to Professor
‘Baird for the loan of valunable material from the collections of the National
‘Museum, and to Dr. Bean and Mr. G. Brown Goode, who have called

-y attention to specimens which would otherwise have been overlooked.

Fina,ny, 1 must express my thanks to Professor Gill for the interest he
hag shown in calling Y attention to extremely specialized types of fins
In rare or aberrant forms, and for aid in obtaining information upon the
literature of the subject.
 *1, An outline of a theory of the development of the unpaired ﬂns'of'al:e;,_-A;

Naturaliet, 1885, pp. 90-97.
2. The development of the rays of osseous fishes, Am. Naturalist, 1885, pp. 200-204.
(1] ’ 981
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I.—TERMINOLOGY.

The names applied by different authors to the initial or larval stages
of development of the Teleostean tail differ so greatly in their etymolo
gies and their implications, that it is desirable not only to consider the
terms hitherto proposed, but also, in order to be more precise, to ad
certain ones in order to designate phases of development and conditions
of structure which have not been heretofore recognized.

The term archicercy aud its adjective form archicercal will thereforé
be introduced here in order to define the cylindroidal, worm-like caud?
end of Ichthyopsidous larva before they acquire median fin-folds.

Jeffries Wyman* in 1864 proposed the term protocercal to designat®
the larval condition of the tail of Raiz when it had acquired median 89
folds. This term seems to imply that this primary form of the tail o}
larval fishes precedes in the order of time the subsequent condition®
or that it is the first stage of the evolution of the caudal fin. This term
wag adopted in the same sense by Wilder in his article, ¢ Gar-pikes
old and young,” Popular Science Monthly, XTI, 192,1877, where the cor”
dition of the tail of the larva of Lepidosteus was considered.

A. Agassizt in 1877 considered the subject anew, and iu an essay
On the development of the tail, which is of great value from an embry
logical standpoint, proposed the term leptocardial for the same condijtio!
implied by the word protocercal, for the reason that young fishes in
this stage showed a uniform and continuous development of the medial
fin-fold over the end of the body, very similar to the condition which 8
permanently characteristic of the vertical fins of the Leptocardians-
If it is true, however, that the median fin-folds of .the latter contain
rudimentary cartilaginous basal rays or their representatives, the com’
parison and the choice of the name are slightly at fault, and is really not
as appropriate as the one previously proposed by Wyman. Inasmuch
therefore, as the terms diphycercal, heterocercal, &c , refer to definitel¥
understood structural conditions of the tail in adult forms, it seems nob
inappropriate, undesirable as it is to add another to the number of ex:
isting terms, to propose a new one to designate the symmetrical, eradi’
ate condition of the continuous or discontinuous median fin-fold or folds
of larval fishes, and which, like the terms applied to the description 0
the tail of the adult, shall have reference solely to structure and not

[imply anything as to an hypothetical parallelism with a lower type, nor
anything respecting a supposed order of evolution. Such a term it 18
not ditficult to choose, if we bear in mind that, the earliest form of the
caudal fin is little or nothing more than a fold of the skin which is o™
posed entirely at first of epiblastic tissue, and that it does not includ®
rays even of the most rudimentary kind. The term, therefore, which

o

» Observations on the development of Raie batis, Mem. Amer. Acad. Arts and 8ol
ences, 1864.

1 On the young stages of Osseous Fishes, Proc. Am. Acad. Arts and Sciences, xuh
p. 123.
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Wil nog only describe this larval condition, but also bein harmony with
'® terms descriptive of the adult tail, will be, lophocercal and its deriv-
am"e, l.ophoceroy, which will imply that the membranous tail is formed
ln!91‘@]y of a fold of skin or epiblast, continuous with that on the axial
Part of the tail, and that the inner surfaces of this fold are more or less
Rearly in contact.
he next term will apply to the next stage of development as indi-
%ated by the most undifferentiated median fin-system as seen in Cera-
to‘t“s, Protopterus, &c. Diphycercal and diphycercy will therefore imply
:'%ndition in which the end of the axial column bears not only hypural,
Ut algo epural intermediary pieces which support rays, as defined by
Uxley, Diphycercy may coexist with heterocercy, and does not com-
Pletely vanish until all of the rays of the caudal are supported by hy-
Purg) spines only, or when an ideal Lypocercal condition is attained.
" The next stagoe of caudal developinent is attained in the heterocercal
e‘"ldition, when the hinder end of the vert: bral axis is flexed upwards,
“Ifd the words heterocercal and keterocercy throughout the present paper
vill invariably mean that such an upbeuding bas happeued, even if it
OVolves the modification of but a single terminal vertebra. ‘
he words homo: ercal and homacercy will merely express the epaxial
ang hypazxial symmetry presented by the fan-shaped candal of Teleosts
d otpher fishes. It is the final stage of the evolution of that fin.
Gephyrocercy aud gephyrocercal are terms which will apply to the type
caudal structure appearing normally in only a few forms, such as
Mf”a and Fierasfer. The end of the urosome in these forms, together
Vith the posterior end of the chordal axis, is aborted. In cousequence
this, the hinder epaxial and hypaxial tissues concerned in the forma-
D of rays and their supports are approximated or swung round over
the ayless interval existing over the stump of the axis, and by such a
.eef’%dary process of growth the .caudal fin-rays are formed, together
w‘_th their interspinous supports. Tbe interval between the vertical fins
"'dged in this way leads to the formation of gephyrocercal tail.
In the discussion of the neural and hemal arches of the caudal ver-
r'® of heterocercal forms, it is also expedient to use some convenient
ie’ M8 which will indicate without circumlocution what is meant in speak-
U8 of the structure of these greatly modified elements. They will be
Poken of gy spineless if they are without dorsal or ventral spines, or as
tl? 8ally spineless, or as'ventrally two or three spined, as in the case of
© concrescent bypural bones, or as dipla- or triplacanthous.
th ht} caudal part of the axial column may be perfectly monospondylio,
2 is, each of its vertebrse may bave its dorsal and ventral spine, or
Very alternate vertebra may bave these aborted, and thus become re-
Uced to a centrum only, or become dipluspondylic in the terminology of
O,n' Jhering, or every alternate centrum may be said to be spineless.
th 46 meanings of the terms epural and hypural, as-applied to indicate
© Position of the candal apophysial elements in reference to the cen-

tio
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tra, are used in the sense in which they were first used by Huxley in
1859 in his discussion of the development of the tail of Gasterosteus.

The word opisthural applies to apophysial elements in contact with
the under side of the urostyle, but separated from the hypural pieces
by an interspuce, as in Amiurus.

The whole of the body of fishes frowm the vent backwards to the end
of the tail will be frequently spoken of as the urosome. - The exserted;
or rather the degenerated, portion behind the urosome, as found in Sty
lephorus, Chimewra monstrosa, and the larva of Lepidosteus, will be called
the opisthure, because it is behind the true or secondary candal, whicl
is developed after the former has begun to lose its function through the
substitution of the latter. The word opisthure is by no means synony-
mous with wrostyle, because it includes more, as in some of the cased
wentioned-above. It comprises the end of the chorda around which
the osseous urostyle is developed ; bands of muscalar tissue on either
side, which are frequently rudimentary or imperfectly formed myo-
tomes or muscular segments, beside connective tissue, the whole being
covered externally by integument, which is continunous with that over
the rest of the body. - ,

In the case of a perfectly lophocercal form an imaginary horizontal
plane cutting longitudinally through the center of the notochord will
divide the urosome of a larval fish into an inferior and a superior halfs
and these halves may, roughly speaking, be said to be the dorsal and -
ventral counterparts of each other. All of the skelétal elements above
the notochord may therefore Le said to be epaxial, those below it hyP~
axial in position. This also applies to the median skeletogenous tra0§;
the parts of which may be spoken of, as epaxial and hypaxial in posl
tion, '

The skeletogenous tracis of fish embryos seem to Le largely intermus
cular or intersegmental, perichordal, hypaxial, and epaxial, so that it 8
possible to trace the segmental development ol the median and paired
fins in early stages, and leads us to suspect that such a segmental ar
rangemeut may be effected from such loci, and thus dotermine the rel8-
tions and serial arrangement of the rays aud basal pieces of all of the
tins. While the development of the rays and their proximal supports
is often vbscured by processes of conlescence, degeneration, and shift-
ing, due to growth, future ontogenetic studies will unquestionably place
the theory of all of the fins upon some such solid basis of observed fact.
When the sheletogenous tract is spoken of here it is used with such im-
plications. ’ .

‘The embryonic skeleton is at first wainly cartilaginous, and around ?1'
_in this cartilage—usually the former—ossific deposits are laid down

a peculiar howogeneous kind of membrane which invests the cartilage$
(Teleostet). 'This sort of a komogencous membrane may appear in the
skeletogenous tracts of definite regions nearly as soon as cartilage, 5
in the case of the membranous rudiments of the shoulder-girdle ©
Teleosts. ‘
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The development of the rays seems to begin peripherally in the fin-
folds in membrane and approaches the basilar interneural elements from
Without, these latter being the most peripheral of the median series,
Which are developed in true cartilage from mesoblast. The rays are
therefore sub-epiblastic, though their proximal ends may embrace
hodules of cartilage of epaxial and hypaxial mesoblastic origin. The
Words peripheral, distal, and proximal will, therefore, be occasionally
et with as used above. '

The words concrescence, coalescence, are usually synonymous here as
8pplied to describe the blending of series of bars of cartilage. The
terms homonym and homonomous, segmental, and metameric are nearly
8Ynonymousin some cages. Homonomous, homonomy, homodynamous, and

dynamy are used in the sense defined in Gegenbaur’s Rlements of
GOmparative Anatomy. The term serial homology (Owen) is equiva-
lent to the last of the above-mentioned words. Metamerism refers to
the segmented condition of the vertebrate embryonic, and even, in fishes,
%o the adult axis, in which we find similar successive segments or somites-
he word wrochord is used a few times to designate the membranous
Part of the axis of the embryo when it is exserted beyond the hypural
Cartilages, to distinguish it from the ossified urostyle of the adult.
" The term protopterygian, to designate the stage when the embryonio
fn.rays first appear, was chosen to designate that condition when it may
® said that true fius first appear. Pterygoblasts refers to the proto-
Plagmic bodies from which the embryonic fin-rays are developed. The
word orthazial is nsed to designate the archaic straight type of verte-
ral axis, which is not bent upwards at its posterior extremity.

The word actinost as used by Gill applies only to the distal cartilagi-
Dong or bony elements of the limbs of fishes, which support the rays, or
hose more especially of Teleosts and Ganoids resembling them, and,
inagmuch as these elements are clearly those from which their isomeral
®Quivalents are evolved in the higher forms by concrescence, their

omology throughout the Lyrifera becomes apparent, though very fre-
Quently fusion has occurred to form elements called the pro- meso- and
Letapterygium. Regarding the whole of the mobile axial skeleton of
the limbs of the Lyrifera as essentially homologous, I will call the dis-
tal parts which directly support the true rays actinophores. While the

eleosts have had these elements much shortened as compared with
he same parts as found in the Rays amongst Elasmobranchs, such a
Shortening is merely the result of extreme specialization growing out
f agaptation. The basilar interneural and interhemal nodules in this
t_el‘minology become median epaxial or hypaxial actinophores.

II*THE THEORY OF THE DEVELOPMENT OF THE MEDIAN FINS.

V;"The mediaﬁ,ﬂns of fishes normally present five well-marked condi-
08 of structure, which correspond to as many stages of development,
Which in typical fishes succeed each other in the order of time. A sixth
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exceptional form is developed in consequence of an extensive degenerd®
tion of the chordal axis and hinder end of the urosome, unaccompanied
by the upbending of the axis, as in the case of heterocercy. The most
archaic stages, or those found to appear during the younger phases ¢

growth of fishes, are approximated by the structure of the fins of som®
of the most ancient Devonian, Triassic, and Jurassic forms, and by such
living forms as Chimera, the Dipnoaus, Leptocardians, and Lamprey$
but the parallelism of the development of the tail of young fishes with
the successive moditications of caudal structure found in the forms of
successive geological periods is not exact, as we shall presently shov-

(1.) Archicercy.—The most primitive modification of the urosome is
that which I will call archicercal, and which is characterized by the
absence of any fin-fold whatsoever. While it is true that only a fevw
degenerate or specialized forms of true fishes, such as Hippocampis
Nerophis, &c., permanently approximate such a condition, it must be
admitred that the fins are acquired structures, and that the folds from
which they are developed have been acquired in the course of the evolt
tion of the ancestry of the fishes. Tho probability is that the lhistory
of the lateral fius is similar; that is to say, inasmuch as the puired fins
of the lower types possess a greater ‘number of rays (basalia) derived
from the ends of the buds thrown off from the lateral somites thal
those of the higher forms, it would seem that the lateral folds which
led to the differentiation of the pectoral and pelvic limbs were at first
much longer than at present, possibly continuous with each others
such a conclusion waould be favored by the presence of the large homo”
dynamous series of cartilages which euter into the formation of thes®
fins in Dipnoans and Elasmobranchs. The archicercal condition justi‘
fies such a conclusion, for during its persistence in normal forms theré
is little development of the rudiments of the paired fins; notwithstand:
ing this, however, a noteworthy objection may DLe raised against this
coneclusion, which I have stated elsewhere. /

When a young fish is developing in the egg its tail grows out at first
as a blunt prolongation backwards of the body, which is for a tim®
wholly without fin folds, and is cylindrical and vermiform in generad
appearance, with the muscular somites clearly marked. '

The larva of Branchiostoma (Fig. 1) is without median fin-folds, and
that of Petromyzon seems to be without them during the very early stages
and, while wo must make due allowance in both these cases for tho €~
fects of degeneration, we may, I think it probable, look upou these t.‘y’P‘_’S
as possessing at one stage a typically archicercal and vérmiform tatl
The solitary uroclordate forms or Ascidians pass tbrough an archice™
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cal stage of development of the urosome, according to the observations
of Kowalevsky on Phallusia mammillata, and.of Kupffer on Ascidia
Mentula. In the course of further development the-Ascidians never
Seem to pass beyond what I have called the second or lophocercal
Stage, when the tail is absorbed in the caducichordate forms, but per-
8ists in the same stage in the perennichordate Appendicularia.

The Elasmobranchs seem to pass through an archicercal stage, while
the Amphibians do not usually exhibit it in 8o pronounced a way, very
80on becoming lophocercal, though the larva of Dactylethra has the an-
TQrior part of the urosome, with high median folds, while the termination
I8 somewhat like that of Chimera monstrosa (Fig. 2), but tapers more

and is typically archicercal. After the absorption of the lophocercal
tail of an anurous amphibian larva has Dbeen in progress for some
time, it seems to tend to lose its median folds somewhat and revert to
the archicercal condition. This is also the case with the young of most
Urodela as they approach maturity. '

. (2.) Lophocercy.—The second stage of development of the median fin
8ystem of Ichthyopsida is what I have called lophocercal (= protocercal,
Wyman ; = leptocardial, A. Agassiz) when it con_sists of continuous
(Amphibia, Elasmobranchs, Teleosts, &c¢.) or cxceptionally of discon-
tinuous folds (Siphostoma, Gambusia), which do not include true per-
Wanent rays, but may at about the close of this phase contain the
Ruamerpus fine embryonic rays of what may be called the protopterygian
Stage of development of the permanent fin-rays. The continuity of the
Wediap fin-fold in embryo fishes, as shown in Fig. 3 in the embryo cod,

Fig.8.

Seems to depend somewhat upon the extent to which the permanent

U8 are approximated so as to form a wore or less completely continuous
SYstem in the adult. Several forms amongst the Clupeoids develop
a1 expanded eradiate caudal fold, with the chordal axis dividing itinto
€qual mojeties, which thus auticipates the outwardly homocercal tail of
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the adult. Beyond the lophocercal condition the typical fishes at once
diverge from the rest of the Chordata and Urochorda, in that they de
velop groups of permanent rays in definite regions of the median it
fold or continuously throughout its entire extent, and thus give rise t0
the distinct or continuous fins of the adult. The intervening parts ©
the fold in the first case atrophy, thus locally reverting to archicercys
the materials for the formation of the rays and their supports being
supplied by the mesoblast which proliferates into the median fin-fold:
The disposition of the materials for the development of the permanent
rays of the unpaired fins seems to be under the control of heredity)
which determines their permanent location or position in the primitive
" folds, which may Le considered the matrix of the permanent fins.

In the formation of rays and their supports and museculature there
is clearly a close correspondence between the number of ray-bearing
somites of the body and the one, two, or three rays and supports whieb
are developed to each segment, and this is manifested even,when heter”
ocercy and its accompanying degenerative processes manifestthemselves
in the caudal region of the most specialized forms. We find, in fact
that where apparent coalescence of two hypural elements has occurreds
two corresponding mesoblastic thickenings of the caudal fold are de
veloped, which extend from the lower end of the hypural pieces to th_e
margin of the fold, and in and upon which the future permanent ray 18
molded. This segmental proliferation of mesoblast is possibly favore
by the intersegmental disposition of the blood-vessels.

(3.) Diphycercy.—~The most primitive disposition of the median fin-
rays is a continuous one, as is indicated by the embryological evidenc®
of the existence of a multiradiate protopterygian stage, and is hypaxiﬂ]
from in front of the'vent in many cases, extending backward over the
end of the tail, thence epaxially and forward dorsally ( Ceelacanthi, Placo:
dermi, Dipnoi, Fig. 4). Another archaic trait which also marks a phas®
of the ontogeny of the Teleosts is the coelacal”
thus (hollow) condition of the bony portion 0
the neural and hzemal spines and the interspinou8
elements. Fishes with a long, eellike bodY
havo tended to remain diphycercal, while thosé

Fig. 4 whose bodies have been abbreviated have
: tended, with the exception of such forms as th¢
Flounders, or Heterosomata, to develop discontinuous median fins, whicl
have been derived from hypertrophied portions of a continuous series:
This hypertrophy in some cases involved the whole series, .g., Platar
The primaval dipbycercal condition is followed by the next stag®
which grows out of the former in the course of further local degenerd®
tion and specialization, with a secondary upbending of the hinder eP
of the chorda. This view is fully substantiated by the development ©
the caudal skeleton of the eel, in which, in spite of its slight hoter
ocercy, the diphycercal continuity of the fin series has remained pra¢







