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A COMPARATIVE OSTEOLOCilCAL STUDY OF CER IAIN
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(
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'

1

W. Tanner'

Introduction

The Plethodontidae

of

Mexico and Central America

are,

in

general, a divergent group of free-tongued salamanders. Within this
group is the genus Bolitoglossa, which according to Tanner (1952)
contains at least twenty-five species, three of which were then undescribed. The genus includes a rather divergent group of species,
which may be divided into two sub-groups. Ihe most obvious division is between the larger long-tailed species represented by the relatively primative B. platydactyla and the smaller short-tailed species
represented by the more specialized B. rujescens.
In order to understand the two groups within the genus and
the relationship of these segments of the genus to each other there has
been a need for a detailed study of the skeletal anatomy. This study
has been undertaken in an effort to determine some of the variations,
as indicated by the skeletal anatomy, of both the larger long-tailed
species, and the smaller short-tailed fomis. Four species of the genus
Bolitoglossa have been used, namely, platydactyla and flaviventris,
representing the larger forms and two supposedly closely related
species rujescens and occidentalism representing the smaller forms.
The skeleton of B. rujescens was studied in more detail than
were the others because of its availability and suggested aberrations.
Taylor (1939) considers B. rujescens and B. occidentalis to be closely
related and suggests that when their skeletal anatomy is better
known it may be necessary to assign them to a new genus. This
view is supported by Tanner (1952:629) in his study of the throat
musculature in which he found the origin of the subarcuales rectus
and quadra topectoralis, as well as the positions of other throat
1
muscles and cartilages, to be different than those of other members of
the genus seen by him. On the basis of this he considered B. rujescens
to be an aberrant member of this genus.
It is not the purpose of this study to attempt a major revision
of the genus, but primarily to indicate wherein the skeletal characteristics of the four species listed above vary, and to what extent
certain relationships in this genus are suggested by them. In doing
this the following skeletal parts were compared: skull, atlas, trunk
veretbrae. caudal vertebrae, carpals. and tarsals. Evidences of primitiveness were obtained l)v comparing the above parts with Plethodon

plutmosus and Salatuandra salamandra.
The work of Francis (1934) was especially helpful in giving
the terminology and characteristics of S. salamandra as was the
I.

1.
3.
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work

of

Cope (1889)

Vol. XVIII. Nos. 3-4

in providing the skeletal characteristics of P.

glutinosus

Few studies have been made thus far which have been concerned
with the osteology of the genus Bolitoglossa. Hilton (1946) figured
of the skeletal parts of B. platydactyla and discussed some of
characteristics. This work was not a detailed study, dealing chiefly
with generic rather than intrageneric relationships. Again in 1948

some
its

1

published information on the vertebrae of salamanders, which
also referred chiefly to generic variations.
The number of specimens available for this study was limited

lilton

was general, and

in the case of B. occidentalis The descriptions and drawings of this
species are based on a single specimen. Fortunately sufficient material of the other species was available.
.

Methods
In studying the skeletal anatomy of small specimens

it

is dif-

remove the skeleton, or parts of the skeleton fully intact.
Inasmuch as the parts are small it is nearly impossible to study them
completely by dissection. However, in examining the dorsal elements
ficult to

of the skull a careful dissection proved a rather quick reliable method.
The method used by the authors in preparing whole skeletons
for study was the Schultz-Potash Method for clearing skeletons, and

was modified to suit our needs. The following treatment was the
one used in preparing the materials for study. The treatment applies
to specimens preserved in alcohol, but would no doubt work on others

this

as well.
I.

II.

III.

Skin and evisorate.
Place in 4.5% aqueous potassium hydroxide until the flesh
sufficiently clear to render the skeleton visible. (The
is
length of time will vary with the size of specimen.)
Place in 1
aqueous potassium hydroxide to which has been

%

added enough of a saturated alcohol solution of alizarin red
(alizarin sodium monosulphonate) to color deep purplish red.
Leave in solution until bones are stained to the desired color.
IV. Place in solution of: 50 parts 5% aqueous potassivmi hydroxide plus 50 parts of 5% aqueous glycerin.
V. Place in 10% aqueous glycerin plus 10-15 drops of concentrated ammonium hydroxide and leave for three days.
VI. Run specimen through 25% and 50% aqueous glycerin. Preserve permanently in absolute glycerin to which has been
added 1 or 2 crystals of thymol to prevent mold growth.
A valuable aid in differentiating between cartilage and bone is
to remove the specimen from the staining solution and place in 70%
alcohol. This will extract the dye from the cartilage and leave the
osseous parts stained a bright magenta. It was observed that the
cartilage did not absorb the dye to the same extend as the bone,
leaving the cartilage stained in a speckled [)attern. whereas the bone

was

of a solid color.

All specimens were studied

under the binocular microscope.
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ings made to scale. In order to have
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the microscope and all drawthe drawings of nearly equal

each specimen a different scale was used in many cases.
it proved advantageous to remove the head from
the specimen and clear it separately, because in clearing, the bones
had a tendency to clear more quickly and become disarticulated,
size in

In some cases

especially the paravomerine teeth and the nasal bones.
The teriniuologv used herein was adopted chieflv

from Francis

(1934).

Osteological Descriptions
Bolitoglossa platydacyla (Cuvier)

SKULL
dorsal view:

—

& 6). The following bones are visible from a
premaxilla, maxillae, nasals, prefrontals, tips of the

(Fig. 5

prevomers. frontals. parietals, otic capsules, squamosals and quadrates. All are paired except the premaxilla which lies between the
maxillae thus forming the anterior most portion of the upper jaw.
On the ventral surface of the premaxilla are approximately ten
teeth, while the dorsal surface has two processes, which curve dorsocaudad underneath the nasal bones and terminate in flattened processes overlapping the edge of the frontals. Curved postlaterally are
the maxillae which have approximately eighteen teeth on each side.
The large rectangular nasal bones lie close together in the mid-dorsal
line, but do not suture. They are bordered laterally by the maxillae
and overlap the frontals with their caudal margins. Lying between
the frontals and the maxillae are the prefrontals which may extend
imderneath the postlateral corners of the nasals. The large, rectangular frontals overlap the parietals with their post-lateral corners and
are joined medially by the saggital suture. The larger parietals extend caudad to the otic capsules. Curved ridges on the dorsal surface
of the otic capsules indicate the position of the semi-circular canals.
The squamosals and quadrates attach to the lateral edges of the otic

capsules.

The following bones are visible in a ventral view: j)iemaxilla.
maxillae, prevomers, frontals, orbitosphenoids. parasphenoid. otic
capsules, squamosals and quadrates. These are all paiied except the
premaxilla and the largest ventral bone of the skull, the median
parasphenoid. Two bony plates bearing approximately one hinidred
fifty teeth are attached to the sphenoid. .Mthough those teeth have
been referred to by most authors as "parasphenoid teeth." Taylor
(1941:206) calls them the paravomerine teeth. Taylor's terminology
is used in this study. The prevomers are deep to the nasal capsules
and do not suture medially, thus a portion of the frontals may be
seen deep beneath them. A single row of approximately eleven teeth
are located on each prevomer. The orbitosphenoid is wider anteriorly
than posteriorly and is bordered dorsally by the parietal and frontal,
and ventrally by the parasphenoid. The posterior edge of the parasphenoid qverlaj)s the otic capsules. C'overing the otic capsule opening
is the thiri operculum bone. On the lateral edges of each otic capsule
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thirty teeth are born on the dentary bone.
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Approximately

—

AIL- IS. There are four articuhiting surfaces on the anterior
portion of the atlas, which are similar structurally to those of other
species studied. This vertebra is heavy, strong and with postzygapophyses being foot-like in that the articulating portion is large,
round and has a slender process connecting it to the body of the
vertebra. The median notch on the dorso-anterior border is not deeply cleft. The atlas is not obviously specialized and conforms with
the other species described herein.
VERTEBRAE (Fig. 13 & 17).— From a dorsal view
the trunk vertebrae are noticeably longer than wide, with the transverse processes projecting laterad and caudad from the middle of
each vertebra. The prezygapophyses are heavy and extend anteriolaterally beyond the centrum. The curved dorso-caudad part of the
vertebra terminates in two spines posteriorly. Visible on the dorsal
surface immediately anterior to the transverse processes is the thin,
elevated median crest. Fifteen vertebrae preceed the sacral. On the
postlateral half of the centrum is a lateral ridge extending slightly
beyond the end of the centrum. There are no other crests, spines or

TRUNK

wings present.

CAUDAL VERTEBRAE

(Fig. 23 & 24). —The dorsocaudal porcurve upward and terminate in two spines
similar to those of the trunk vertebrae. There are no dorsal crests
present. On each side is a lateral projection which extends anteriorly
and lies immediately ventral to the prezygapophyses. The haemal
arch terminates caudally in a bifurcated spine. Extending anteriorly
tions of these vertebrae

from the median base of these spines is a thin haemal crest. All
vertebrae are amphiceolous.
(Fig. 27).
The carpi of the hand consists of the following eight elements: radiale. intermedium, ulnare, centrale. prepollicis, fused basal 1 & 2. basal three and basal four. Basal four is
the largest wdth the fused basal 1 & 2 being next in size. The carpi
are entirely carilaginous.
There are four metacarpals each with lateral webs and cartilaginous epiphyses. The phalanges are similar to the metacarpals in
shape, but differ in size and number. There are eight phalanges
and the fornuda is 1-2-3-2. All metacarpals and phalanges are bony.
FOOT (Fig. 30). There are eight cartilaginous tarsi in the
foot, which consist of the following elements: tibiale, intermedin,
fibulars, pre-hallux, centrale. fused basal 1 & 2, basal three, and
fused basal 4 & 5. The fused basal 4 & 5 is largest with basal 1 & 2
next in size.
The metatarsals are five in number, shaped like the metacarpals,
are bony and with cartilaginous e{)iphyses. Tiie phalanges are bony
with cartilaginous epiphyses and f)resent a formida of 1-2-3-S-2.
Summary. A comparison of the skeleton of Bolitoglossa flaviventris with the skeletal anatomy of B. platydactyla indicates that

—

HAND

—

—
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the long-tailed species of this genus, as represented by these species,
in the main more primitive characteristics and reflect
the characteristic of the generalized Sdlartuiudra and Plethodon more
closely than do the short-tailed species.
The suggested close relationship of these two species is bourne
out in the similarity of their skeletal anatomy. Both have dorsal
crests on all trunk vertebrae, lateral ridges on the posterior of the
centrum, eight carpals, the same number and arrangement of
phalanges, and the skull characters are nearly identical. The main
difference noted is the lesser degree of ossification in B. flaviventris.
a condition which seemingly suggests that platydactyla is the more
primitive of these two species.
An examination of the visceral skeleton and the throat myology
also indicates a primitiveness comparable to that observed in their
skeletons. The myology also indicates that the species platdactyla is
the most generalized of the genus Bolitoglossa. In such species as
platydactyla, flaviventris and mexicana, the origin of the Si. quadrato-pectoralis is on the quadrate rather than the squamosal; the
elongate fibers of the suprapenduncularis; the extensive origin of the
M. geniohyoideus medialis and the large mass of pharyngeal muscles
between the deep slip of the M. rectus cervicis and the suprapeduncularis, mark them as primitive. Furthermore, the presence of the
M. rectus cervicis lateralis in mexicana. is a mark of primitiveness

have retained

in this genus.
In contrast to the short-tailed species there is a long tail and the
intercostal folds and grooves are prominant and obvious. These conditions we have come to associate with the more generalized species
at least in this genus.

Bolitoglossa rufescens (Cope)

SKULL

—

1
& 2). The following bones are visible from
the dorsal view: maxillae, premaxilla, nasals, frontals, prefrontals,
prevomers. otic capsules, squamosals and quadrates. All are paired
except the premaxilla. which is single and median between the
maxillae. The ventral surface of the premaxilla usually has three
or four teeth, whereas the dorsal surface has two processes which

(Fig.

curve dorso-caudad and terminate in rounded ends overlapping a
vmall portion of the frontal bones. The maxillae curve post laterally a
distance equal to the total length of the frontal and nasal bone. There
are no teeth present on the maxillae, a characteristic apparently
possessed by only one other member of this genus (B. colonnea)
The prefrontals are very much reduced, their presence was definite
only in those which were carefully stained. They may be found
between the anteriolateral corner of the frontals and the maxillae,
and are seemingly not in contact with other bones.
The nasals are nearly rectangular in shape with the nostril
tig.
Bolitoglossa platydactyla (Cuvier):
Skull, ventral view. Bolitoglossa flaviventris
view; Fig. 8, Skull, ventral view.

5.
(

Skull,

SchniidtJ

:

dorsal
P"ig.

view;
7.

Skull,

Fig. 6.
dorsal
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Bolitoglossa rufescens (Cope):
Fig. 9. Atlas, dorsal view; Fig. 10. Ninth
trunk vertebra, dorsal view. Bolitoglossa occidentalis Taylor: Fig. 11, Ninth
trunk vertebra, dorsal view. Bolitoglossa platydactyla (Cuvier): Fig. 12. Atlas,
dorsal view; Fig. 13, Ninth trunk vertebra, dorsal view. Bolitoglossa flaviventris
(Schmidt): Fig. 14, Ninth trunk vertebra, dorsal view. Bolitoglossa rufescens
(Cope): Fig. 15, Ninth trunk vertebra, lateral view. Bolitoglossa occidentalis
Taylor: Fig. 16, Ninth trunk vertebra, lateral view. Bolitoglossa platydactyla
(Cuvier): Fig. 17. Ninth trunk vertebra, lateral view. Bolitoglossa flaviventris
(Schmidt): Fig. 18. Ninth trunk vertebra, lateial view.
Abbreviations: CRN., centrum; D.C. dorsal crest; H.S.. haemal spine; L.R..
lateral ridge; N.S., neural spine; O.PR., odontoid process; T.PR.. transverse process; ZY.A., prezygapophysis; ZY.P., postzygapophysis.
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notch in their posterior border, varying in each individual. These
bones extend anteriorly beyond the maxillae and premaxilla. and
do not meet on the mid-dorsal line nor contact other bones. They
are surrounded and held in place by membranes; this would seemingly provide for flexibility and may possibly aid in changing the
size of the nasal capsules. The frontals are rather elongated with
the posteriolateral corners overlapping the parietals. The parietals
are not as long as the frontals although they are somewhat wider
and extend back onto the edge of the otic capsules. The dorsal surface of each otic capsule has curved ridges, under which are located
the semi-circular canals. On each side of the foramen magnum is
located an occipital condyle, which remains almost entirely cartilaginous with only the deeper parts ossified and fused with the otic
capsules. According to Francis (1934:26) this composite ossification
best called the occipitopetrosal bone. The ventrolateral surfaces of
the foramen magnum articulate with the lateral portion of the
odontoid process by means of two small facets. These might be
termed the ventro occipital condyles. The squamosals project vejitrally from the lateral sides of the otic capsules and are predominantly cartilaginous at their proximal ends. On the distal end of each
squamosal may be seen the bony quadrates which articulate with
the articular bone of the lower jaw.
is

The following bones may be seen from a ventral view: nasals,
premaxilla, maxillae, prevomers, frontals. parietals, orbitosphenoids,
parasphenoid, otic capsules, quadrates, and squamosals. They are all
paired except the parasphenoid and premaxilla, which are located
medially. The prevomers form a bony floor for the nasal capsules.
Each bone articulates laterally with the maxillae except for a lateral
notch which serves as the opening for the internal nares. From a
ventral view the prevomers are separated, making it possible to see
th premaxillary processes and frontals deep between them. Ventrally
jaw consists of the toothed dentary. and the toothless articular and
prearticular.

—

A I LAS (Fig. 9). The atlas is not specialized and resembles
that of Plethodon glutinosus. The odontoid process is approximately
one-third the entire length of the vertebra and has on the anterior
portion of the ventrolateral surfaces two condyles which articulate
with similar surfaces on the ventrolateral surface of the foramen
magnum. Xear the proximal end of the odontoid process are two
large surfaces which face anteriorly, and articulate with the occipital
condyles. This type of articulation is found in Salamandra salamandra. The postzygopophyses are heavy projecting caudad approximately one-fifth of the total length. This vertebra is nearly
circular in cross-section.
VERTEBRA (Fig. 10 & 15).— All vertebrae
of this species are typically amphicoelous. The body of the ninth
tnmk vertebra is elongated, being approximately twice as long as
wide. Each transverse process is attached just anterior to the center

NINTH TRUNK
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and curves posteriorly. The centrum is visible between the prezygapophyses anteriorly, posteriorly it is obscured by
the postzygopophyses. The dorsal crest is absent and the posterior

of the vertebra

part of the neural arch extends caudodorsad terminating posteriorly
in two widely spaced projecting spines. Ventrad to the transverse
processes the centrum is constricted. There are no crests, ridges or
spines present on any of the centra.

CAUDAL

SIXTH
VERTEBRA (Fig. 19 & 20).— The caudal
vertebrae resemble the trunk vertebrae in size, but have only one
transverse process on each side. These processes project anteriorly
with the degree of projection increasing on each succeeding vertebra,
until they are underneath and parallel to the prezygapophyses.
There are no dorsal ridges or crests present, however, the caudal
border has two prominent spines which project parallel with the
inner edges of the postzygapophyses. The haemal arch forms a
bifurated spine on the posterior part of the centrum and has a thin
sheet-like bone projecting forward and ventrally. The centrum is
hourglass shaped with no other spines, wings or crests.
THE PECTORAL GIRDLE.— The pectoral girdle resembles
that of Salamandra salamandra as shown by Francis (1934). The
scapular region forms the dorsolateral portion of the girdle and is
there is a single row of approximately seven teeth on each ossicle.
Two bony plates bearing teeth are loosely attached to the underside
of the parasphenoid. These separate readily in macerated specimens. The paravomerine teeth are cone shaped and number more
than 100. The orbitosphenoid projects dorsally from the parasphenoid
but does not contact the parietals or frontals, being separated from
them by a membrane. The parasphenoid overlaps the otic capsule
with its posterior margins. Each otic capsule bears over its opening
the thin operculum. The squamosals and the apparently fused quadrates are attached to the lateral edges of the otic capsules. The lower
made up of the osseous proximal portion which is the scapula proper,
and a distal cartilaginous portion forming the suprascapula. Distally
the procoracoid is cartilaginous, spatulate shaped, and slightly concave, with the convexity being ventrally. The largest element of the
girdle is the coracoid, which projects transversely across approximately three-fifths of the body, thus there is an overlapping of the right
and

left sides.

THE

—

FORE-LIMB (Fig. 25). The humerus is a long slender
bone, small on the proximal end and expanding approximately three
times at the cartilaginous condyles on the distal end. The larger
radial condyle is separated from the ulnar condyle by the trochlear
groove. Near the proximal head are two projections the crista ventralis humeri and the crista dorsalis humeri.
The radius and ulna are long slender bones with cartilaginous
epiphyses at both ends. The lachus is the larger. They articulate with
the ulnar and radial condyles proximally and with the radiale, ulnare
and intermedium carpals distally.
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Ihe cartiloginous carpi of adult specimens consists of seven elements, namely, the radiale. intermedium, ulnare. centrale, pre- pol-

&

&

a fused basal 1
2. and a fused basal 3
4. The fused basal
the largest with the fused basal 1
2 being next in size. Although there are the same number of carpi in B. rufescens as in S.
salarnaTidra, they are differently arranged. In B. rufescens the ulnare
licis,

3

&

&

4. is

and intermedium remain separate and

basals three

and four are

fused.

There are four spindle-shaped metacarpals with thin bony webs
projecting laterally on each side. Metacarpals one and two articulate
wdth the fused basal 1 & 2, whereas metacarpals three and four articulate with the fused basal 3 & 4. There are eight bony phalanges
which resemble the metacarpals in structure, but are smaller in size.
The formula for the phalanges, beginning with the first finger, is
1-2-3-2. Like other articulating surfaces in the fore-limb the metacarpals and phalanges are provided with cartilaginous epiphyses.
PELVIC GIRDLE. The pelvic girdle appears ventrally as two
plates, the pubo-ischia, which are separated by cartilage and bordered
on the anterior by the pubic cartilages, which may be ossified posteriorly. The caudal ischium has two projections posteriorly. Ossification of the ilium is incomplete with one cartilaginous end helping
to form the acetabulum and the other expanding into a large head
which attaches to the transverse processes of the 16th vertebra. The
acetabulum is a hollow cartilage lined cavity formed by the ilium

—

and pubo-ischium.

THE

HIND LIMB (Fig. 26).— The femur is a long slender
bone, larger distally than proximally, with a cartilaginous epiphyses
and hook-like process the trochanter. The distal end has two cartilaginous condyles, the larger is the tibial condyle and the smaller the
fibular condyle. They articulate with the tibia and fibula respectiveThe size and shape of the tibia and fibula closely resembles the
radius and ulna of the fore-arm.
Tarsi are seven in number and resmeble the carpi of the hand.
The tibiale, intermedium and fibulare appear in a row and articulate
with the tibia and fibula. The centrale lies centrally and is surrounded by other tarsi. The pre-hallux is latero-distal in position, next to
the centrale and between the fused basal 1 & 2 and the tibiale. There
are two basal elements, the smaller articulating with metatarsals
1 & 2 is composed of fused basals 1 & 2. The second articulates with
metatarsals three, four and five and is composed of basal 3 & 4 & 5.
The five metatarsals and the phalanges are bone except for the
cartilaginous epiphyses at their ends. The phalangeal fonnula is
1-2-3-2-2.

—A

Summary.
anatomy

comparison of Bolitoglossa occidentalis with the
of B. rufescens reveals that the short tailed group of
this genus, as exemplified by these species, has undergone a general
reduction in: (1
the size of the dorsal crest of the trunk vertebrae;
skeletal

)
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(2) the size of the lateral ridges on the posterior half of the centrum;
(3) the size of the prefrontals; (4) the numbers of carpals and tarsals; (5) the degree of ossification.
In rujescens both the dorsal crests and the lateral ridges are
absent. This tendency toward reduction is also reflected in the reduced or lacking prefrontals, the membrane surrounding the small
nasal bone and in the membrane between the lateral edges of the
ventral orbitosphenoids and the dorsal parietals and frontals. B. occidentalis is less specialized than B. rujescens in that these extreme
modifications are not yet apparent. Both the dorsal crests and the
lateral ridges are present (but reduced in size) on the anterior vertebrae, and although the prefrontals and nasals are small or lacking,
the membrane surrounding the nasal and separating the orbitophenoid from the dorsal bones is absent. 1 his same degree of specialization is also reflected in the absence of maxillary teeth in rujescens
and their presence but reduced numbers in Occident cdis.
On the basis of throat anatomy the small rujescens is obviously
the most specialized of the genus as well as of the short tailed group.
This is seen primarily in the origins of the M. subarcualis rectus 1.
and M. quadrato-pectoralis. In the latter the entire origin is on the
squamosal rather than the quadrate. Equally significant is the obvious posterior position of the ceratohyal when contrasted to the
more primitive long tailed species.
There is seemingly a relationship between rujescens and occidentalis reflected in the muscles and cartilages of the throat which
is comparable to that existing in the skeletons.

Summary and Conclusion
The Plethodontidae

represent a specialized group of salamanDunn (1926). were derived from some
representative of the genus Salamandra. They show certain characteristics in their skeletons that seem to be reductions of those found
in Salamandra. Examples of these reductions are: lack of pterygoid
bones, lack of an actual posterior projection of the prevoiners, and
a reversion to the amphicoelous type of vertebral articulation as
compared to the opistocoelous type present in Salamandra. (The latter character would seemingly indicate that the ancestral stock was
more primitive than the modern species of Salamandra.) The skull
is ossified, but is simplified (are specialized) when compared with
the above mentioned prototype. This simplification is effected by a
loss of certain skull bones and by a reduction in the size of others.
The carpals and tarsals, which are mostly ossified in S. salamandra,
ders,

which according

to

Bolitoglossa rufescens (Cope):
Fig. 19, Sixth caudal vertebra, lateral view;
Fig. 20, Sixth caudal vertebra, dorsal view. Bolitoglossa occidentalis (Taylor)
Fig. 21. Sixth caudal vertebra, lateral view; Fig. 22, Sixth caudal vertebra,
dorsal view. Bolitoglossa platydactyla (Cuvier): Fig. 23, Sixth caudal vertebra,
lateral view; Fig. 24. Sixth caudal vertebra, dorsal view.
Abbreviations: CEN.. centrum; H.S. haemal spine; N.S. neural spine;
TR.PR.. transverse process; ZY.A.. prezygapophysis; ZY.P., postzygapophysis.
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are cartilaginous in the four species of the genus Bolitoglossa.

There has been a reduction in the number of tarsals from the
nine found in Plethodon glutinosus and Salarnandra salarnandra, to
the eight found in B. platydactyla and B. jlaviventris, to the seven
found in B. rujescens and B. occidentalis. This reduction seems to
result from a uniting of the basal tarsals into various combinations.
Although B. occidentalis and B. rujescens have the same number of
carpals as S. salarnandra, there is a difference in the combinations.
In the former the basals three and four become united, whereas the
latter have the ulnare and intermedium united. In the hand of B.
platydactyla and B. flaviventris these bones remain separate and
there are, therefore, eight carpals. The tendency seems to be toward a
reduction in number of carpals and tarsals as specialization occurs.

The formula

for the phalanges of the fingers is the same in the
studied, except B. occidentalis, which has only two
phalanges on the third finger as compared to three in the other
species. The phalangeal formula for the foot of B. platydactyla, B.
flaviventris and S. salarnandra is 1-2-3-3-2. B. occidentalis deviates
from this in that there are only two phalanges present in the third
and fourth toes whereas B. rujescens differs in having only two
phalanges in the fourth toe.

four species

-

Those data presented by Taylor (1944) concerning the skeletal,
external and mouth anatomy, and that of Tanner {op. cit.) on the
throat anatomy, provide essentially the same evidences as the data
thus far obtained from the more detailed study of the skeleton,
namely that: (a) The long-tailed species of this genus as represented
by the primitive platydactyla, as well as jlaviventris and mexicana,
are most generalized in their anatomy in all anatomical systems,
and thus represents a rather distinct group of species within the
genus, (b) The short-tailed species represented by rujescens and
occidentalis are specialized and represent an equally distinct group
of species. Furthermore, these two groups can be readily segregated
and could, if limited to those species presented in this study, be
recognized as separate taxonomic units.
Unfortunately, many of the species of this large genus are not
Bolitoglossa rujescens (Cope):
Fig. 25. Right hand, dofsal view. Bolitoglossa rujescens (Cope): Fig. 26, Right foot, dorsal view. Bolitoglossa platydactyla (Cuvier): Fig. 27, Right hand, dorsal view. Bolitoglossa occidentalis Tavlor:
Fig. 28, Right foot, dorsal view; Fig. 29, Right hand, dorsal view. Bolitoglossa
platydactyla (Cuvier): Fig. 50, Right foot, dorsal view.
Abbreviations: BC 1-2, fused basal carpals of the first and second fingers;
EC. 3, basal carpal of the third finger; BC.4, basal carpal of the fourth finger;
BC.3-4. fused basal carpals of the third and fourth fingers; BT. 1-2, fused basal
tarsals of the first and second toes; BT.4-5, fused basal tarsals of the fourth and
fifth toes; BT. 3-4-5, fused basal tarsals of the third, fourth and fifth toes; C.
centrale; F., fibula; FB., fibulare; FO.M., forearm magnum; FR., frontal; I.,
intermedium; MC.l, metacarpal of the first finger; MC.4, metacarpal of the
fourth finger; MT.l, metatarsal of the first toe; MT.5, metatarsal of the fifth
toe; PR.H.. pre-hallux; PR. P., pre-pollicis; R., radius; RD., radiale; T., tibiale;
TB.. tibia; U., ulnare; UL, ulna.
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available for study nor has any one been so fortunate as to critically
study the entire genus. We suspect therefore that there may be
additional intrageneric groups when the entire genus has been
as thoroughly studied as the few species listed above. We also note
from the data at hand the possibility of an intemiediate group of
species, between the extremes of specialization which would so
intergrade one with another as to prevent even the delimiting of the
apparently distinct subgenera. Although there are seemingly two
distinct groups, we are not yet prepared to designate, with clarity,
the limits of these or any other subgeneric groups in the genus Bolitoglossa. A careful study of the bolitoglossids from Central and South
America will obviously aid in bringing about a clearer understanding
of this large diversified genus.
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