No. 6.—The American Caceeilians?
By Eayert Rem Duxy

An interest in American Caecilians, begun in 1920 when I found a
few specimens of Gymnopis in Costa Rica, was enhanced when I took
a specimen of a new species in western Panamd in 1923. In 1928 I
attempted, rather unsuccessfully, to list the North American forms.
In Europe in 1929, as a holder of a John Simon Guggenheim Memorial
Fellowship, I took the opportunity to examine the American Cae-
cilians in the collection of the British Museum of Natural History
and in the principal museums of the continent. Since my return I
have examined practically all the material in the United States, in
Panamad, and in Costa Rica, and have been sent extensive collections
by the Instituto La Salle in Bogoti, by the Museu Paulista in
Sido Paulo, and by the Museu Nacional in Rio de Janeiro.

Systematic treatment of American Caecilians since 1895 has been
based almost entirely upon the work of Boulenger and upon the col-
lections of the British Museum. This institution contained, in 1929,
103 American Caecilians (28 species, 6 genera, and the types of 15
described forms). While it is the best single collection, it is far from
complete.

My present treatment is based on the examination of 850 American
Caecilians (44 species, 6 genera, the types of 39 described forms, and
the types of nine forms thought to be new). I have not been able to
examine the types of 14 described forms. I consider one of these valid
and can place it in its genus. I suspect that another may be valid
but as I cannot place it in any known genus it must remain 7ncerta
sedis. 1 therefore recognize 6 genera, and 44 species, of which I have
seen specimens of all but one species.

genus specimens types seen types not seen species

Rhinatrema 19 3 + 2 new 1 6
Gymnopis 157 11 2 11
Siphonops 253 4 5 5
Caecilia 324 15 4 7 new 2 16
Chthonerpeton 39 2 1 3
Typhlonectes 58 4 2 3

850 39 4+ 9 new 13 44

The type of Siphonops syntremus Cope is another I have not been
able to examine, but I cannot place it in any known American genus
or species.

1 Contributions from the Biology Department, Haverford College, No. 8.
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Distribution

American Caecilians range from latitude 20 north (Vera Cruz and
Guerrero in Mexico) to latitude 35 south (Buenos Aires, Argentina)
on the Atlantic side, and to latjtude 3 south (Guayaquil, Ecuador)
on the Pacific side. They range from sea level to 4500 feet (Cartago,
Costa Rica) and to 6200 feet (Milligalli, Ecuador).

They occur on the following islands: Saboga and San Miguel in the
Gulf of Panami; Gorgona off the Pacific coast of Colombia; Trinidad;
Victoria and Sio Sebastido off the coast of Sio Paulo, Brazil.

Mexico to Costa Rica inclusive have only the genus Gymnopis.
Bolivia and Paraguay have only Siphonops. Argentina and Uruguay
have only Chthonerpeton. Panamd has Gymnopis and Caecilia.
Colombia has 5 genera and 18 species; Ecuador, 4 genera and 11
species; Peru, 4 genera and S species; the Guianas, 5 genera and S
species; Brazil, 4 genera and 13 species.

Gymnopis and Siphonops form a pair of allied genera, the former
northern, the latter southern. Typhlonectes and Chthonerpeton form
another such pair of genera, the former northern, the latter southern.

Rhinatrema and Caecilia occupy the center of the group range,
northwestern South America, which is also the area of greatest
abundance of genera and species.

There would seem to be a minor center of development in the
south (Chthonerpeton and Siphonops) and perhaps another in Cen-
tral America (Gymnopis).

It may be inferred from the distribution that Caecilians have in-
habited South America since preTertiary times, and that they have
only entered North America since the midTertiary. Only two genera
reacli Panama, only one reaches Costa Rica, and the northern limit
is 15 degrees of latitude short of the southern limit.

Generic assignments and affinities

A primitive Caecilian should, theoretically, have the following

characteristics:
1. A definite tail.

Secondaries all complete and equal in number to the primaries.
. Two complete rings of scales to each segment, one for the

primary and one for the secondary.
. Inner mandibular tooth row well developed.
5. Teeth of any given row uniform in size.
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6. Tentacular aperture close to eye.
. Eye well developed and in an open orbit.
S. Body approximately cyvlindrical, short and fairly stout, without
dorsal fin.
9. Anus not surrounded by a sucking disk.
10. Oviparous.
11. Aquatic larvae, gill slit open.
12. Jaw muscles not roofed by bony contact between parietal and
squamosal. .
13. Skull with more rather than fewer separate bones.

=1

The specimens here assigned to the genus Rhinatrema agree in all
respects with the above criteria. Specimens assigned to other genera
differ more or less, and are presumably less primitive.

Specimens assigned to the genus Gymnopis have no tail; the secon-
daries are less in nunber than the primaries and are not all complete;
scales are absent anteriorly; the inner mandibular tooth row is poorly
developed or absent; the tentacular aperture may be some distance
anterior to the eye; the eve is, in some species, invisible, and the orbit
1s sometimes roofed over by bone; they are viviparous and have no
aquatic larval stage.

Specimens assigned to the genus Siphonops agree on the whole
with Gymnopis but lack secondaries and scales completely; the ani-
mals are oviparous; but there is not known to be an aquatic larval
stage. These are all the differences I can find between such species
as Gymnopis mexicanus and Siphonops annulatus. A common ances-
tor for these two genera may be inferred to have existed, with the
secondaries and scales of Gymnopis and the breeding habits of Sipho-
nops, and thus closer to Rhinatrema than either of the two.

The species assigned to Chthonerpeton have no tail; they lack
secondaries and scales entirely; the tentacular aperture is always
some distance anterior to the eyve and may be just behind the nostril;
the anus is surrounded by a sucking disk; the animals are viviparous
and the embryos have a single pair of large allantoic gills; it may be
inferred that an aquatic larval stage 1s absent.

The species assigned to Typhlonectes agree on the whole with
Chthonerpeton, but the tentacular aperture is always just behind
the nostril; the body is flattened laterally, with a dorsal fin. These
are all the differences I can find between such species as Chthonerpeton
indistinctum and Typhloncetes compressicauda. Chthonerpeton may be
inferred to be ancestral to Typhlonectes.
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These two genera agree with Rhinatrema in having a well developed
inner mandibular tooth row.

The species assigned to Caecilia have no tail; the secondaries are
reduced in number and sometimes entirely absent; scalation is reduced
or entirely absent; the inner mandibular tooth row is reduced or
absent; the tentacular aperture is remote from the eye, being under
the tip of the snout, below and somewhat posterior to the nostril;
the eye may be invisible and the orbit roofed by bone; the body may
be excessively attenuated; the animals may be inferred to be ovi-
parous, with an aquatic larval stage.

There are thus the following groups of genera in America: Rhina-
trema; Gymnopis and its ally Siphonops; Chthonerpeton and its
derivative Typhlonectes; Caecilia. Of these four groups, Rhina-
trema occupies an isolated and a primitive position. The other three
exhibit characters which preclude any linear arrangements of them.
It is not impossible that each has been derived independently from a
more primitive common ancestor. There is nothing known to prevent
this common ancestor from having the characters of Rhinatrema.

The species here assigned to Caecilia have been listed as three
genera; Amphiumophis, Herpele, and Caecilia. The unique type
specimen of Amphiumophis is a Cacecilia tentaculata. The only differ-
entiating character given for the genus was the absence of the inner
mandibular tooth row, which is poorly developed in some Caecilia.
The roofed orbit and invisible eye of C. ochrocephala and C. poly=ona
have caused their reference to Herpele, but the eye is frequently
invisible in other species of Caecilia, and ockrocephala and polyzona
are so similar to the other forms of Caecilia that I cannot but regard
them as congeneric.

The species here assigned to Gymnopis are usually listed as two
genera; Gymnopis and Dermophis. The only difference given is the
roofed orbit and invisible eye of Gymnopis. The variability and un-
certainty of this condition in Gymnopis multiplicata oaracae and in
Gymnopis nicefori make a generic division of the species impractical.

I gather from the literature that four genera and six species occur
in Southeast Asia; one genus with six species in the Seychelles Islands;
six genera and 17 species in tropical Africa.

The degree of affinity between Rlinatrema and the genera Ich-
thyophis and Uraeotyphlus of southeastern Asia remains to be deter-
mined. Statements in literature would seem to indicate a fairly close
relationship.

Parker (1941, Ann. Mag. Nat. Hist. (11), 7 pp. 1-17), has shown
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that African and Seychelles Islands forms, formerly referred to Der-
mophis [=Gymnopis of this paper] are not congeneric with American
species.

The African Herpele squalostoma, the type of Herpele, is not con-
generic with any American form, although two have been referred to
Herpele from time to time. The American forms in question are
Caecilia. Whether or not the Indian “Herpele” fuller: is congeneric
with either remains to be determined.

As matters stand it is not safe to consider that any genus of Ameri-
can Caecilians has representatives in the Old World, or, indeed, that
any genus.of Caecilians occurs in more than one of the four areas
(southeast Asia, Seychelles Islands, African tropics, American tropics)
inhabited by these animals.

The eye

Normally and primitively the eyve is in an open orbit and visible
throngh the skin. At the opposite extreme the orbit may be closed
over by bone, and the eye may be invisible. In some forms the orbit
may be open but the eye may be concealed by the thickness or the
opacity of the skin. It is also possible that the eye may remain visible
externally even after the orbit is roofed by bone. In many forms,
known only from a few rare or unique specimens which it is not
possible to dissect, the exact condition of the eye is not yet known.
It is therefore often impossible to say more than that the eye is or is
not visible externally.

It is so visible in all Rhinatrema, Chthonerpeton, and Typhlonectes,
and the orbit is not known to be roofed over in any of these.

In Siphonops the orbit is not known to be roofed over in any form,
but the eye is invisible externally in half the S. insulanus seen. Of
21 S. brasiliensis seen the eye is very indistinct in one and invisible in
four.

In Gymnopis the eye is invisible externally in all unicolor, oligozona
and multiplicata multiplicata seen. The orbit is known to be roofed
by bone in some specimens of unicolor and multiplicata multiplicata.
In nicefori the eye is invisible in 4 specimens out of 6. In one of these
four the orbit is not roofed by bone. In multiplicata proxima the eye
is visible externally in a single specimen (of 3S examined), and in this
one the orbit is open. The eye is visible in 13 out of 15 multiplicata
oazacae, but the condition of the orbit is not known. In other forms
of Gymnopis the eye is always visible and the orbit is not known to
be roofed over.
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In Caecilia the eye is invisible externally in all known specimens of
ochrocephala, polyzona, and clongata. The orbit is known to be roofed
over in some ochrocephala. In the following species the eye is occa-
sionally invisible externally; gracilis, one of 31; dunni, one of 19;
thompsoni, one of 9; tentaculata, three of 26; bassleri, three of twelve.
The orbit was open in the specimen of gracilis.

The eye is always visible in the other forms of Caecilia, and the
orbit is not known to be roofed over in any of them.

Cranial characters

I have examined specimens of Rhinatrema bi-color, Gymnopts mexi-
canus mexieanus (2), Gymnopis unicolor, Siphonops annulatus, Siph-
onops brasiliensis, Cacetlin ochrocephala, Chthonerpeton indistinetum,
Typhlonectes com pressicauda natans, Typhloneetes l:aupii.

The cranial characters confirm the position of Rhinatrema as primi-
tive; the alliance between Gymmopis and Siphonops; the alliance
between (hthonerpeton and Typhlonectes.

Rhinatrema bicolor has the premaxillae separate from the nasals.
In the other genera the premaxilla and nasal are fused. Rhinatrema
bicolor has a large flat bone posterior to the combined maxilla-palatine.
What is obviously the same bone (but smaller) can be found in
Gymnopis and in Siphonops. No such bone exists in Caecilia, Chthon-
erpeton, or Typhlonectes. This bone has the relationships of an ectop-
terygoid more than that of a pterygoid. In the literature it has gone by
both names. I think that some Caecilians have an ectopterygoid, thus
differing from all other living Amphibians, and that no Caecilians
have a pterygoid. There has been much confusion in literature, be-
cause a forward extension of the quadrate (codssified in cartilage)
has been called a “pterygoid bone” by many investigators.

in Rhinatrema, in Gymuopis, and in Siphonops the internal naris
is enclosed by the maxilla-palatine. In Caecilia, Chthonerpeton, and
Typhlonectes the internal naris is enclosed on the outer side by the
maxilla-palatine and on the inner by the prevomer.

The frontals are in contact in Rhinatrema, in Gymnopis, in Chthon-
erpeton, and in Typhlonectes. They are separated by the “ethmoid”
in Siphonops and in Caecilia. The former condition would seem primi-
tive.

In Rhinatrema, in Chthonerpeton, and in Typhlonectes there is a
wide gap between the squamosal and the parietal, and the temporal
muscles are not covered by bone. In Gymnopis, Siphonops, and
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Caecilia squamosal and parietal are in contact, and the temporal
muscles are roofed by bone. The former condition would appear to be
primitive.

The three genera with a gap between squamosal and parietal have
markedly “kinetic” skulls, with considerable movement between the
“maxillary segment’” and the “‘occipital segment.” They are “moni-
mostylic” as the quadrate is firmly attached to the squamosal. The
three genera without a gap between squamosal and parietal have
much less movement between the segments of the skull, and are less
“Kinetic” but are just as much “monimostylic.” The former condi-
tion would appear to be primitive.

On these characters, Rhinatrema is alone. Its skull characters, as
well as its other characters, seem to me to be primitive.

Gymnopis differs in skull characters from Siphonops only in having
the frontals in contact, in which trait as in its other characters it seems
to me to be more primitive.

Chthonerpeton and Typhlonectes agree in all significant cranial
characters.

(aecilia stands alone, and is the most specialized of the genera in
cranial characters.

The cranial characters of American Caecilians align them in rela-
tion to each other in the same way and the same order as do their other
characters.

While T am quite aware of previous remarks on the cranial char-
acters of American Caecilians, and aware that the above remarks dis-
agree with some of them, I offer no apologies. The statements given
above result from examination of all the American genera at the same
time, and consequent comparison of one with another. All the state-
ments are from my own observations and none are from any other
sources.

The tentacle

Statements in the literature give the impression that the tentacle of
American Caecilians is present in two quite different conditions: a
valvular or flap-shaped tentacle, in a horseshoe-shaped groove or
aperture, attached posteriorly to the skin of the head; a globular
tentacle in a circular aperture or groove. This is erroneous, as all
American Caecilians have a quite similar tentacle and aperture, all of
the first type. In American Caecilians the second type is an occasional
consequence of unusual retraction of the organ, and careful observa-
tion will disclose the posterior attachment. This occurs more often in
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specimens of Gymnopis. The two appearances may be present on
opposite sides of the same individual. The tentacular aperture is the
posterior end of the naso-lachrymal duct.

The anatomical base of the tentacle is, in all forms, the anterior
border of the eye socket, and this is also the place of origin of the
organ embryologically. It may therefore be inferred that the original
position of the aperture was on the side of the head, just anterior to
the eye. This is the position in all Rhinatrema and in most forms of
Gymnopis and Siphonops. In the races of G. mexicanus, in G. albiceps
and in G. parviceps the aperture is further forward, but nearer the eye
than the nostril. In a single specimen of G. m. mexicanus (of 66 ex-
amined) the aperture is exactly equidistant between nostril and eye.
In 8 specimens of Siphonops annulatus (of 175 examined) the aperture
is further forward, in one nearer the nostril than the eye.

In Chthonerpeton the aperture is, in vviparum, slightly nearer the
eye than the nostril; in indistinctum it is slightly nearer the nostril
than the eye; in pefersi and in all forms of Typhlonectes it is directly
behind the nostril.

In all forms of Caecilia the aperture is on the under side of the
snout, below and slightly posterior to the nostril.

The vent

The vent is an unmodified opening except in Chthonerpeton and in
Typhlonectes, where the area surrounding it becomes modified into a
sucking disk. Every stage in this transition may be seen in the three
species of Chthonerpeton. The disk is slightly developed in C. vivi-
parum, intermediate in C. petersi, and large in C. indistinctum and in
all Typhlonectes.

Sex

American Caecilians have no external signs by which they may be
sexed. Males have a median intromittent organ, which is occasionally
extruded, perhaps during the death throes. Pregnant females of vivi-
parous species are quite stout, and may have the hinder portion of the
body enlarged. It is usually necessary to dissect in order to determine
the sex. No variation in number of segments, of secondaries, or of
scale rings has so far been found correlated with sex.
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Annular grooves

In all American Caecilians the muscle segmentation i1s marked ex-
ternally by grooves, the “primaries.” These correspond in position to
the ends of ribs and therefore to vertebrae. A count of them gives the
number of vertebrae. They are precisely identical to the “costal
grooves” of salamanders. They may extend completely around the
body, but are frequently incomplete dorsally and, less often, ventrally.

In American Caecilians the number of these primary grooves ranges
from 76 (in Chthonerpeton indistinctum) to 285 (in Caecilia basslert).
The range 76-166 covers all specimens of Gymnopis, Siphonops,
Chthonerpeton, and Typhlonectes. Rhinatrema has 10S-19S prim-
aries, and Caecilia has 110-285.

Individual variation is, of course, greater in forms with a high count.
No age variation appears or is to be expected. No sexual variation
has been discovered.

In Rhinatrema, in Gymnopis, and in most Caecilia, some or all of
the segments are partly or completely divided by secondary grooves in
the middle of the segment. In Rhinatrema these are present and
complete in each segment, and it is impossible, without dissection, to
distinguish between primary and secondary grooves. In this genus the
number of vertebrae equals half the number of superficial rings. In
Gymnopis and in Caecilia the secondaries are absent from the more
anterior segments. In these two genera the secondary rings appear at
first anteriorly as two unconnected grooves, between the primaries,
and parallel to them, in the dorsolateral area. The first appearance is
often asymetrical. They increase in length in the more posterior
segments, the two join first dorsally, and then, towards the posterior
end, ventrally. At the hind end they are exactly like the primaries,
but as they rapidly become incomplete anteriorly on the under side it
is not hard to make a separate count of the two sets. It is extremely
important in these two genera to keep the primary and secondary
counts separate.

These secondary grooves are an outward and visible sign of the
presence of bony scales in the anterior half of the segment. The
secondary counts given in this paper are all taken by beginning with
the first incomplete (dorso-lateral) secondary groove to appear, and
counting all the segments posterior to it.

Secondary grooves are present in all species of Rhinatrema (equal
in number to the primaries and all complete); all species of Gymnopis
(from a minimum of 10 anterior segments without them in G. multi-
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plicata oazxacar to a maximum of 87 in G. niceford; a maximum count
of 121 in G. multiplicata oaxacae, a minimum of 13 in G. parviceps;
anterior secondaries always incomplete, maximum complete 67 in
G. nicefori); most species of Caecilia (from a minimum of 55 anterior
segments without them in C. dunni to a maximum of 268 in C. bassleri;
a maximum count of 94 in C. arinata; anterior secondaries always in-
complete, maximum complete 26 in C'. dunni).

Secondary grooves are present or absent in two species of Caecilia
(C. guntheri, 8-0); C. jachynema, 11-0).

Secondary grooves are unknown in three species of Caecilia (C.
caribea, C. degencrata, C. clongate) in all species of Siphonops, of
Chthonerpeton, and of Typhlonectes.

The individual variation in number of secondaries, and in number
of complete secondaries, shows no correlation with age or sex.

Scalation

Bony eveloid secales are concealed beneath the skin anterior to both
primary and secondary grooves in all Rhinatrema, all Gymnopis, and
in most Caecilia. They are absent in all Siphonops, in all Chthoner-
peton, and in all Typhlonectes. They invariably accompany secon-
dary grooves. In Gymnopis and in Caecilia the first secondary con-
ceals a single scale. A complete secondary conceals a complete ring of
scales. Wherever secondaries are present there are scales present an-
terior to the primaries. They appear first in the dorsolateral area and
extend further dorsally and ventrally as one passes back along the
body. At the hind end each segment contains two complete rings of
bony scales. In Rhinatrema, every segment of the body contains two
complete rings of scales.

In some (but not in all) specimens of Caecilia without secondarles
scales may be found in connection with the hindmost primaries.
Ordinarily, lack of secondaries indicates lack of scales; presence of
secondaries always indicates presence of scales.

Nieden (1913, Gymnophiona, p. 2) says: “scales . .. are in most
genera restricted to the back (only Ichthyophis and Herpele have
scales on the belly also) and are besides arranged in many rows in the
hinder half only of each of the epidermal folds limited by two circular
grooves.” As may be seen from the foregoing remarks, none of the
statements made by Nieden are correct. Scales are on the belly in
Rhinatrema, Gymnopis, and Caecilia; there are never more than two
rows or rings to a segment; they are usually in both halves of a segment.
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The statement about “‘many rows” is obviously reached by examina-
tion of microscopic sections, as the scales of any one ring overlap each
other considerably. There is no overlapping of the scales of one ring
by those of another. My statements concerning scalation are derived
from examining the scales /n situ on the animals.

Dentition

American Caecilians bear teeth on the premaxillary and maxillary
bones as an outer, upper row; on the prevomers and palatines as an
inner, upper row; on the dentaries as an outer, lower row. An inner,
lower row, sometimes present, has been considered splenial.

At one extreme of American variation the teeth are all similar, and
relatively numerous in all rows. It is legitimate to infer that this is
the primitive condition.

At the other extreme the teeth of the premaxilla-maxilla set and of
the dentary set are progressively enlarged anteriorly into big hooked
fangs, and are reduced in number. The inner mandibular row may be
entirely absent. This condition 1s probably secondary.

The species of Rhinatrema, Chthonerpeton, and Typhlonectes have
the presumably primitive condition, and no generic distinctions in
dentition have been observed.

In Gymnopis and in Siphonops the teeth on the lower jaw are
uniformm but larger than those on the upper. The inner mandibular
row is reduced to one tooth on a side (in oligozona and in multiplicata)
or is entirely absent.

In Caecilia the anterior teeth on the lower jaw are much enlarged
and sharply pointed; to a less degree this is true of the maxillary teeth.
The inner mandibular row may consist of as many as four teeth on a
side (five or six were reported for the types of polyzona); they may be
reduced to one on a side or may be entirely absent.

Accurate counts of the number of teeth in any given row are well
nigh impossible to make unless the specimen is stained and cleared, or
unless it is made into a skull. Either of these two operations enables
one to count the teeth and the sockets, and thus arrive at an accurate
statement of the total dentition. Such treatment is obviously im-
possible for most of the specimens. I am profoundly skeptical of
dental characters in these animals as a basis for specific discrimina-
tion, having found considerable variation in count between the two
sides of the same individual in skulls and in cleared specimens.

The presence of enlarged, sharply pointed, anterior teeth in all
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American Caecilians with the tentacular aperture under the nostril
(and only in these) tends to establish the genus Caecilia as here
treated.

The great reduction or absence of the inner mandibular row in the
species here considered Gymnopis and Siphonops (in connection with
other characters) confirms their alliance.

Chthonerpeton viviparum (with 3—4 teeth in the inner mandibular
row), and Siphonops brasiliensis (with none), are otherwise so similar
that they have been confused. Aside from this I know of no case
where it 1s necessary to examine dentition in order to arrive at specific
or generic identification, and it is not absolutely necessary even in
this case.

Dimensions

The smallest individual seen is a spectmen of Gymnopis nicefori
100 mm. long. Perfectly formed young 76 mm. long have been taken
from the oviduct of a pregnant Gymnopis parviceps. The smallest
species are: Siphonops hardyi (nine specimens with a maximum length
of 178 mm.) and Gymnopis parviceps (a single pregnant female 180
mm. long).

Eleven species (5 Rhinatrema, 2 Siphonops, 4 Gymnopis) have
their maximuin recorded lengths under 251 mm. The maximum
length recorded outside the genus Caecilia is 695 mm. Six species of
Caecilia exceed this length, and three (tentaculata 1075 mm., abitaguae
1200, thompsoni 1375) exceed a meter. The maximum length attained
by Caecilians in the Old World is 500 mm.

A diameter of 30 mm. is attained by Gymnopis m. mexicana, by
Caecilia tentaculata, and by Typhlonectcs compressicauda natans.

If Caecilians were represented in collections only by specimens
ideally collected and preserved, accurate measurements of length and
of diameter could be taken with little difficulty, and the ratio of
length to diameter would be very reliable. Actually, specimens have
to be measured in every conceivable state of preservation and dis-
tortion. There 1s wide discrepancy in the length measurement of a
number of specimens as taken by different observers, it is impossible
to avoid a possible error of as much as a millimeter in diameter mea-
surements, and 1/d ratios presented here are in no case carried into
decimals, and in most cases give a range of variation which exceeds
that of the animals in life.

Stout species are often slimmer when young and vice versa. Many
seem to retain the same proportions throughout life.
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A small Typhlonectes c. compressicaudus has an 1/d ratio of 12, and
a pregnant female Gymnopis m. mexicanus one of 14. No Rhinatrema
seen has an 1/d ratio of over 30. Outside of Caecilia the slimmest
specimen seen is a Gymnopis nicefor? with a ratio of 67. Seven species
of Caecilia may be more attenuate than this, and Caccilia bassler:
may be 160 times as long as wide.

The most elongate forms have the most vertebrae, but otherwise
there is not too much correlation, and there is a wide range of verte-
bral count among equally stont forms.

The body is roughly eylindrical in most forms, and the diameter is
the same from neck to vent. This statement is not true for Typh-
lonectes, which is compressed laterally, and has the posterior part of
the body much deeper than the anterior. In this genus there is also a
dermal dorsal fin fold, restricted to the posterior third in compressi-
cauda and extending nearly to the head in kaupii.

In Rhinatrema there is a tail. In other genera the body ends bluntly
just behind the vent.

Coloration

The majority of the forms have no definite markings, being dull
blackish above, somewhat lighter below. The head is usually some-
what lighter than the dorsal surface, and the anal region is usually
whitish.

The ventral surface is much lighter than the dorsal surface in some
Gymnopis, and spotted or mottled with white in some Caecilia.

The primary grooves are white in two species of Siphonops (annul-
atus and paulensis), in marked contrast to the dark background of the
segmental folds which they delimit. The reverse of this is seen in some
Caecilia (principally ochrocephala and polyzona). In these the grooves
are black and the folds are of a lighter color.

Yellow spots, one on each side on the segmental folds, are quite
usual in Caecilia pachynema, and occur sporadically in a few other
species of Caecilia.

Vivid yellow lateral stripes, one on each side, from jaw to vent, are
present in three species of Rhinatrema (bivitatum, parkeri, and bicolor).

Habitat and habits

Something about the habitat may be inferred from the range given
for a species. I have included the few ecological notes under the
specific headings.
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The climatic and botanic areas inhabited are: tropical rain forest;
tropical deciduous forest; tropical savanna; temperate forest; temper-
ate savanna. In North America the only temperate areas inhabited
are montane cloud forest; it is probable that the animals occur in
savanna only in galeria forest along rivers.

ixcept for the aquatie, river-dwelling Typhlonectes it is probable
that all are terrestrial and burrowing. I have seen only three forms
(Gymnopts wultiplicata proxima, Gymuopis parviceps, and Caccilia
ochrocephala) alive in the field, and the literature is singularly un-
informative.

The antmals are unquestionably carnivorous, but the precise ali-
ment 1s not known.

Notes i hterature indicate that they are preyed on by snakes;
Ninia atrata, Pscudoboa clelia, Sordellina brandowjonesi, and several
species of Micrurus being mentioned.

Males have a median intromittent organ and fertilization is pre-
sumably internal.

Published observations would indicate that Rhinatrema and Sipho-
nops are oviparous, and that Gymnopis, Chthonerpeton, and Typh-
lonectes arve viviparous. The behavior of Caccilia is not positively
known, but as no embryos have been found in females it is probably
oviparous.

External gills have only once been rcported for larvae (Rhina-
trema. They have been reported for embryos in the eggs of Rhina-
trema, and of Siphonops, and for embryos in the oviducts of Chthon-
erpeton and Typhlonectes. They have been reported absent in em-
bryos in the oviducts of Gymnopis. In Rhinatrema these gills are in
three pairs, the two anterior fimbriated, but with rather few filaments.
The gills of Siphonops are similar but the posterior may be absent.

The gills of Chthonerpetonr and of Typhlonectes are a single pair
of large, flat, leaf-like structures. It 1s probable that these are entirely
embryonic, and that the one case of birth with persistent gills was
premature.

Free living (7 aquatic) larvae without gills, but with a single pair
of gill slits have been noted in Rhinatrema and in Caecilia. Well
formed embryos in the oviducts of Gymnopis do not have gill slits.
Normally born young of Typhlonectes lack gill slits, and gill slits
were not reported for embryos of Chthonerpeton or of Typhlonectes,
although external gills were present.

Gymnopis, Chthonerpeton, and Typhlonectes normally give birth
to small replicas of the adult. Rhinatrema has a larval stage, which
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