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On the Structure and Affinities of the Amphiumide. By E. D. Cope.
(Read before the American Philosophical Society, February 5, 1886.)

By all authors, the genus Amphiuma has been included in the same
family division with Protonopsis and Megalobatrachus until 1866. At that
time the writer of this paper proposed to separate it from the latter genera
as the type ot a family Amphiumid, while the other genera were placed
in another family with the name Protonopside. This course has not been
followed by later writers; in the Catalogue of the British Museum by Dr.
Boulenger (1882), for instance, the three genera being included in one
family, the Amphinmidze.

The reasons for keeping the Amphiumidee distinct from the Protonop-
side were stated to be the following :*

AMPHIUMIDAE : ‘‘ An axial cranial bone (? vomer) in front of orbito
sphenoids, and one forming palatal surface in front of parasphenoid. *
Pariétals prolonged laterally, not reaching prefrontals. Vestibule, wall
osseous internally. Premaxillaries consolidated. Occipital condyles on
cylindrical pedestal.”’

ProroNorsiD® : ‘“No anterior axial cranial bone. * * Pariétals and
prefrontals prolonged, meeting and embracing frontals. Wall of vestibule
membranous internally. Premaxillaries separated. Occipital condyles
sessile.”’

The following observations were made on the Amphiumidae: ¢ The
occipital condyles and temporocervical tendon are quite as in Desmogna-
thus ; they have not been previously described.t In Amphiuma means
there is a minute not articulated bone on the suture between the o. o.
frontalia and prefontalia in the situation of the lachrymal. There are
some approximations to Cwcilia in Amphiumidee. It does not appear to
have been noticed that the * % free margin cf the frontal seems to fore-
shadow the overroofing of the orbit and temporal fossa seen in Cecilia.
There is also a very large foramen or canal passing through the o. maxil-
lare from near its middle to the orbit, foreshadowing the canalis tentacu-
liferus of Cwmcilia : a narrow one occurs in the same situation in Proto-
nopsis. Further the prominent horizontal anterior inferior processes of
the vertebral centra are the same in Amphiuma and Ceecilia.”’

Oceasion for the revision of these views having presented, the following
facts and conclusions have been reached.

The characters assigned as above to the two families Amphiumidae and
Protonopsid:e are abundantly sufficient for retaining them as distinet. The
form of the oceipital condyvles might be excepted from this estimate, and
the axial bone in front of the parasphenoid proves to be abnormally cut
off in the specimen then examined. The Protonopside agree with other

* Journal Academy Philadelphia, 1866, p. 104,

+ They were deseribed by Dr, J. G. Fischer, Anatomisch. Abhandl. {ib. Peren.
nibranech. u. Derotrem. Erstes Heft, p. 61 1864,
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Urodela in all of the characters given, except in the exclusion of the
frontals from the supraorbital border, and in the membranous character-
istic of the internal wall of the vestibule. The Amphiumidae differ from
other Urodela in the presence of a large ethmoid bone (the one referred
to as ? vomer in the diagnosis above quoted), in the presence of temporal
ridges, and of two anteriorly directed hypapophyses of the precaudal ver-
tebre.

It is interesting to notice that three of the four characters just cited are
shared by the Ceweciliidee. The presence of the ethmoid is of especial im-
portance, as it is an element constautly wanting in the Urodela. I have
not found it in Desmognathus, Anaides, Spelerpes, Amblystoma, Sala-
mandra, nor Protonopsis ; nor is it present in Necturus or in Siren. It is,
on the contrary, always present in Cewciliide* (see Plate v, E). The
double anterior hypapophyses are otherwise confined to the same family,

The Cewciliide are generally regarded as representing a distinct order,
which bears the names Apoda, or Gymnophiona. The definition given to
this order by Mr. Boulengert is: ‘“No limbs ; tail rudimentary. Males
with an intromittent copulatory organ. Adapted for burrowing.”” Of
these definitions none is of ordinal value. The tail in some species is dis-
tinct. The intromittant copulatory organ in Dermophis mezicanus, Gym-
nopis proxvimus, and Herpele ochrocephala, is not an especial organ, but is
merely the everted cloaca. The hard papillee observed by Giinther} in the
Iehthyophis glutinosus are wanting in the above species. The protrusion
of the cloaca is effected by two especial muscles, which are wanting in
Amphiumide. As to limbs, their extremely rudimentary character in
Amphiuma is well known. To regard their condition as indicating ordi-
nal separation from the C:eciliide is not in accordance with our practice
in similar cases in the Reptilia, as in the order Lacertilia. The characters
of these parts and their supporting arches not having been heretofore
given, I describe them below.

I have endeavored to sustain the order Gymnophiona by the character
of the fusion of the nasal and premaxillary bones found in the majority
of the genera.§ But Stannius| shows that these bones are distinet in
Ichthyophis. Huxley states (Anatomy of Vertebrate Animals, p. 155)
that in Jfehthyophis glutinosus a distinct bone nearly encircles the orbit.
This he compares to the supra and postorbital bones found in the Stego-
cephali. But in Chthonerpeton, Cewecilia, Dermophis and other genera,
this bone forms part of the maxillary, so that it is not characteristic of the
family, and may not be homologous with the bones which occupy the same
position in Stegocephali. Wiedersheim calls it maxillary.

With these facts in view I have unitedf the Ceeciliidee with the Urcdela,

* See Wiedersheim, Anatomie der Gymnophionen, Jena, 1879,

1 Catalogue of the British Museum, 1882, p, 88,

I Reptiles of British India (Roy. Society), p. H1.

2 American Naturalist, 1884, p. 26,

| Zobtomie der Amphibien, 1856, p. 44,
¢ American Naturalist, 1885, p, 244, note,
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a proposition which I now fully believe to be sustained by the evidence.
The Cewciliide 13 a family of Urodela, connected with the typical forms
through the Amphiwmide.

Wiedersheim (1. c. p. 95) has altempted to trace the ancestry of the
Czwciliide to the Stegocephali of the Carboniferous period, from which
he supposes them to have arisen by a process of degeneration. He
remarks that in order to demonstrate this proposition it is only necessary
to discover a type with rudimental limbs which shall connect the two.

That the Ceeciliidee is a type which has resulted from a degeneration, I
have also proposed, * but I have derived them from the Urodela rather than
from the Stegocephali direct. They have, like Amphiuma, essentially the
game cranial structure as the Urodela, which is widely difterent from that
of the Stegocephali, in the absence of the intercalare, supratemporal and
postorbital bones. And these characters are fully maintained in various
genera of Stegocephali which have rudimental limbs. Amphiuma then is
the annectant type with rudimental limbs, which Dr. Wiedersheim sought
for. The circumstance that his eyes were turned towards the Stegocephali
indisposed him to recognize this fact.

The only portion of the shoulder girdle of this genus which is ossified is
the seapula. The coracoid cartilages of opposite sides are distinct from
each other, and there is a production of the praecoracoid region. The
humerus is truncate at both extremities, making its articulations with
cartilage only. The carpus is undivided cartilage. The osseous ilium is
quite short and slender ; it has a long superior cartilaginous portion,
which is attached to an equally long cartilaginous sacral rib. The infe-
rior element is an undivided plate, which is wider than long, and presents
an obtuse angle anteriorly. The posterior portion of each is occupied by
a round discoid ossification, which forms the posterior border, but does
not reach either the acetabulum or its fellow. The femur is rather long
and has a distinct trochanter, bat no head nor condyles. The articula-
tions are cartilaginous, as is the tarsus, which is also undivided. The
tibia and fibula are about one-sixth the length of the femur, and the fibula
is a little shorter and more glender than the tibia. The phalanges in both
feet are well ossified.

The general characters of these parts are described in Stannius’ Hand-
buch der Zodtomie,T but only as included in the definitions of the order
to which Amphiuma is referred.

PraTe VI.

Amphiuma means Gard. One-third natural size. Original. From
Georgia.

Fig. 1, skull, left side.

Fig. 2, do. from above.

* American Naturalist, 1885, p. 244.
+ Rostock, 1856.
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Chthonerpeton indistinctum R.and L.
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