SYSTEMATICS AND EVOLUTION OF NEOTROPICAL
SALAMANDERS OF THE BOLITOGLOSSA HELMRICHI GROUP

By DaviD B. WAKE! AND ARDEN H. BRAME, JR.2

ABSTRACT: The Bolitoglossa helmrichi group inciudes B.
helmrichi and B. cuchumatana of Guatemala, B. flavimembris of
Guatemala and Mexico, and two new species, B. hartwegi from
Chiapas, Mexico, and B. stuarti from near the Mexican-Guate-
malan border. The group bridges the gap between the specialized
lowland members of the rufescens group and the more general-
ized species of the uplands of Nuclear Central America, and pro-
vides support for an earlier decision to synonymize the genus
Magnadigita with Bolitoglossa. In particular, hand and foot
morphology of these species represents all stages of intermediacy
between the slightly webbed, large digited structures of the up-
land species and the diminutive, fully webbed, small digited ones
of the lowland species. As a result of the discovery of the new spe-
cies, a nearly continuous morphocline is apparent which provides
insights into the morphological events accompanying the evolu-
tion of a tropical lowland salamander fauna,

Lungless salamanders of the family Plethodontidae are notably successful
in the New World Tropics, where more than forty per cent of salamander
species occur. All are members of a single radiation, the supergenus Bolito-
glossa (Wake, 1966). Salamanders are primarily a North Temperate group,
and their entrance into the tropics came long after the major radiation of the
order Caudata. The relative abundance of neotropical salamanders and the
correlation of increased species diversity with tropical environments invite
further scientific investigation. In earlier papers we have presented the results
of our systematic studies on lower Central and South American salamanders
of the genus Bolitoglossa (Wake and Brame, 1962, 1963a, 1963b, 1966a,
1966b; Brame and Wake, 1962a, 1962b, 1963a, 1963b). This paper is an
analysis of five species of the Bolitoglossa helmrichi group from the highlands
of Chiapas, Mexico, and Guatemala. These species provide data which eluci-
date evolutionary patterns associated with invasion of tropical lowlands, and
enable formulation of hypotheses concerning morphological evolution during
phylogeny. In future papers we plan to analyze the remaining species of the
genus, with emphasis on patterns of evolution.

The helmrichi group can be defined as follows: salamanders of the genus
Bolitoglossa having small to moderate size (adults average from 38 to 53 mm
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standard length (abbreviated SL throughout remainder of text), 60 mm in the
single adult of stuarti); relatively broad heads (SL averages 5.5 to 6.3 times
head width, 6.7 in the rather narrow-headed adult of stuarti); eyes moderate
in size, not strongly protuberant; snout pronounced to moderate; moderate to
high numbers of marginal teeth; limbs relatively long (limb interval averages
0.5 to 1.0); hands and feet with moderate to extensive webbing, moderate to
extensive flattening, and digits of reduced size; tail shorter than body; light
ventral pigmentation, especially on tail.

Content: Bolitoglossa cuchumatana, B. flavimembris, B. hartwegi, B.
helmrichi, B. stuarti.

In the following sections brief redescriptions and diagnoses are presented
for the Guatemalan species of the helmrichi group, B. flavimembris, B. helm-
richi, and B. cuchumatana, and two new members of the group are described.

Bolitoglossa flavimembris (Schmidt, 1936)

Oedipus flavimembris Schmidt, 1936: 158.
Magnadigita flavimembris, Taylor, 1944: 218.
Bolitoglossa flavimembris, Wake and Brame, 1963a: 386.

Holotype: FMNH 20381, an adult female from Volcan Tajumulco at
2195 m (7200 feet) on the trail above El Porvenir, San Marcos, Guatemala,
10.3

Material Examined: FMNH 20322 (cleared and stained), 20333 (2),
100128, UMMZ 80935, all topoparatypes, 10; UIMNH (field numbers) 2538,
2545, Mexico, Chiapas, Volcdn Tacana, El Chicuite, 9, 2195 m (7200 feet);
FMNH 142081, Guatemala, San Marcos, near Aldea la Fraternidad between
San Rafael Pie de la Cuesta and Palo Gordo, 11, 2400 m (7900 feet).

Diagnosis: A moderate-sized species of Bolitoglossa (1 adult male: 50.1
mm SL; 6 adult females: 40.5 - 64.5, mean 53.2 mm SL) with moderate num-
bers of maxillary (mean 49.1) and relatively low numbers of vomerine (mean
23.8) teeth in adults, distinguished from other members of the helmrichi group
by its larger size, more robust habitus, broader head, relatively smaller and
less completely webbed hands and feet (Fig. 15) and distinctive coloration
(... back in life uniform Hair Brown, lighter on sides and venter, lightest on
chin, limbs Colonial Buff, feet dark gray above and below, and an obscure dark
line down middle of belly,” Schmidt, 1936).

Description: Bolitoglossa flavimembris is a moderate to moderately large,
robust species with a relatively short, broadly rounded snout. The one adult
male is smaller than the mean size of the six adult females; females of Bolito-
glossa are typically larger than males. The nostrils are small. Labial pro-
tuberances are poorly developed in males and females. A mental hedonic gland

“Bold face numerals here and below refer to plotted localities on map (Fig. 3).
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Figure 1. Variation in vomerine dentition in the Bolitoglossa helmrichi group.

is poorly developed in the male. The head is moderately broad, but rather
variable (SL 5.4 - 6.5, mean 5.8 times head width in six females; 6.3 in male).
A relatively deep groove extends below the eye, following its curvature, but
does not communicate with the lip. The moderate-sized eyes are rather pro-
tuberant and are visible beyond the margin of the jaw when viewed from below.
A shallow postorbital groove extends posteriorly from the eye as a shallow,
irregular depression. At the posterior end of the mandible the groove proceeds
sharply ventrally and extends across the throat, anterior to the gular fold, as a
moderately defined depression. Vomerine teeth increase in number slowly with
increasing size (Fig. 1). The teeth are typically in long, single series and extend
beyond the medial border of the internal nares. Maxillary teeth extend beyond
the center of the eye and increase in number slowly with increasing size (Fig.
2). Few premaxillary teeth (3-7) are present and they pierce the lip in the
adult male. The trunk and tail are robust. The stout tail is nearly round in cross
section and is rather strongly constricted at its base. Lightly pigmented postiliac
glands are barely evident. Limbs are robust and of moderate length. Limb
interval (costal folds between appressed limbs) varies from 1 to 2 (mean
1.5) in females and is 0.5 in the male. Hands and feet are moderate in size and
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the digits, while moderately webbed, are discrete (Fig. 15). Webbing is less
extensive than in other members of the group. Subterminal pads are well
developed, but the joints of the digits are not well marked. The hands and the
feet are relatively flattened with a rather large surface area. The fingers are, in
order of decreasing length, 3, 2, 4, 1; toes, in order of decreasing length, 3, 4,
(2-5), 1. Pertinent counts and measurements of material are found in Table 1.

Measurements of Holotype (in mm): Head width 10.1; snout to gular
fold (head length) 14.2; head depth at posterior angle of jaw 5.8; eyelid length
3.8; eyelid width 2.2; horizontal length of postorbital groove 3.3; distance
between ventral extension of postorbital groove and gular fold 5.8; anterior
rim of orbit to snout 3.7; horizontal orbital diameter 2.6; interorbital distance
3.3; distance between vomerine teeth and parasphenoid tooth patch 0.8; snout
to fore limb 18.9; distance separating internal nares 2.8; distance separating
external nares 3.3; snout projection beyond mandible 0.8; snout to posterior
angle of vent (SL) 59.4; snout to anterior angle of vent 55.6; axilla to groin
31.4; tail length 39.3; tail width at base 5.6; tail depth at base 5.9; fore limb
length 13.7; hind limb length 14.9: width of right hand 5.2; width of right
foot 5.8.

Coloration: This species is unusually colored for members of the genus.
Coloration is uniform dark brown dorsally and light ventrally, with light yel-
lowish limbs and yellowish tan tail venters. The dark feet are a strong contrast
to the yellow limbs, as pointed out by Schmidt (1936), who also presented good
photographs of the species.

Range: Known from the slopes of Volcdn Tajumulco and Volcan Tacané
and from the mountains along the southwestern escarpment of the Guatemalan
Plateau, at elevations between 7000 and 8000 feet, in San Marcos, Guatemala,
and the border area of Chiapas, Mexico (Fig. 3). This report constitutes the
first record of the species in Mexico.

Bolitoglossa cuchumatana (Stuart, 1943)

Oedipus cuchumatanus Stuart, 1943: 14.
Magnadigita cuchumatana, Taylor, 1944: 218.
Bolitoglossa cuchumatana, Wake and Brame, 1963a: 386.

Holotype: UMMZ 89110, an adult male from an oak forest about 2
kilometers north of Nebaj, approx. 1900 m (6250 feet), El Quiché, Guatemala,
12.

Material Examined: UMMZ 89111-13, topoparatypes, 12.

Diagnosis: A small species (3 adult males: 35.2 - 43.5, mean 38.2 mm
SL; 1 female 33.4 mm SL) with low numbers of teeth (maxillary: 26 - 38,
mean 34.7; vomerine: 15 - 22, mean 18); distinguished from B. flavimembris
by smaller size, more extensively webbed feet, and banded (or mottled) body
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Figure 2. Variation in maxillary dentition in the Bolitoglossa helmrichi group.
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coloration; from B. helmrichi by fewer maxillary and vomerine teeth; from
B. hartwegi and stuarti by less extensively webbed hands and feet, larger termi-
nal phalanges, and subterminal digital pads.

Description: This small, robust species has a relatively short, rounded
snout. Sexual dimorphism is indicated by the fewer maxillary and vomerine
teeth of the female and by the forward placement of the premaxillary teeth in
males. The nostrils are small. Labial protuberances are well developed in both
sexes, and are pronounced in males. Mental hedonic glands are moderately
developed in males. The head is rather broad (SL 5.1 - 6.0, mean 5.5 times
head width). A distinct groove extends below the eye, following its curvature,
but does not communicate with the lip. The moderate-sized, protuberant eyes
extend slightly beyond the lateral margins of the jaw. A shallow, postorbital
groove extends posteriorly from the eye as a shallow, irregular depression.
At the posterior end of the mandible the groove proceeds sharply ventrally
and extends across the throat anterior to the gular fold, as a poorly defined
depression. Vomerine and maxillary teeth increase in number with increasing
size (Figs. 1 and 2). Premaxillary teeth are few (1 - 4), and pierce the lip in
adult males. The trunk and tail are moderately robust. The swollen tails are
nearly round in cross section and are strongly constricted basally. The mod-
erately robust limbs are moderately long and limb interval varies from 0.5 to
2.0 (mean 1.0). Hands and feet are relatively large. Webbing is moderately
extensive (Fig. 15) and leaves one-half to one phalanx free of the web on the
inner digits. The digits bear small but discrete subterminal pads. The fingers
are, in order of decreasing length, 3, 4, 2, 1; toes, in order of decreasing length,
3,4,5,2, 1. Pertinent counts and measurements of the type series are included
in Table 1.

Measurements of Holotype (in mm) : Head width 7.3; snout to gular fold
(head length) 12.2; head depth at posterior angle of jaw 3.2; eyelid length 2.9;
eyelid width 1.8; anterior rim of orbit to snout 3.3; horizontal orbital diameter
3.2; interorbital distance 3.9; distance between vomerine teeth and parasphe-
noid tooth patch 0.6; snout to fore limb 14.2; distance separating internal nares
2.0; distance separating external nares 2.4; snout projection beyond mandible
0.9; snout to posterior angle of vent (SL) 43.5; snout to anterior angle of vent
40.4; axilla to groin 22.1; tail length 37.7; tail width at base 3.6; tail depth
at base 3.6; fore limb length 11.7; hind limb length 11.8; width of right hand
4.5; width of right foot 5.5.

Coloration: Stuart (1943) has presented a description and an excellent
photograph of the species. He described the dorsal surfaces of the head, body
and tail as mottled with purplish brown and light reddish brown (pinkish in
life), forming a broad middorsal stripe. Narrower, light reddish brown stripes
extend from the eye to the base of the tail in three of the four specimens, with
coloration of the back gradually fading into the ventral coloration in the fourth.
Lateral surfaces are mottled with purple and reddish brown. Ventral surfaces
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TABLE I
Measurements and Data for Bolitoglossa cuchumatana,
B. flavimembris, and B. helmrichi
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B. cuchumatana
UMMZ 89110** & 43.5 221 7.3 11.8 11.7 37.7 38 18 0.5 5.5
UMMZ 89111 & 359 188 65 89 82 282 37 22 2 37
UMMZ 89113 3 352 — 66 88 — 264 38 17 1 —
UMMZ 89112 Q@ 334 — 65 82 — 230 26 15 1 3.7
B. flavimembris
FMNH 100128 3 50.1 262 8.0 13.8 12.0 38.2 46 21 0.5 5.2
FMNH 20333 ? 64.5 334 99 156 152 457 50 25 2 6.8
FMNH 20381** ¢ 594 31.4 10.1 149 13.7 393 57 31 2 58
FMNH 20322 ? 497 260 92 122 11.1 327 48 18 1.5 5.2
UIMNH 2538 2 449 230 79 11.2 107 31.1 45 23 1.5 4.2
FMNH 142081 ? 404 192 7.2 103 8.7 362 50 25 2 4.3
B. helmrichi
UMMZ 89132 & 476 245 7.8 122 11.0 31.8 58 22 1 5.2
FMNH 20153** & 384 199 6.8 11.2 99 358 55 25 0.5 43
UMMZ 89133 ? 457 259 7.8 120 11.2 432 61 38 0.5 4.7
UMMZ 89137 ? 426 212 7.2 10.5 9.3 386 51 27 1 4.1

** holotype

of the head and body are pale yellow, and the tail is light orange-yellow

mottled with gray.

Range: Known only from the type locality in the Sierra de los Cuchu-

matanes, El Quiché, Guatemala (Fig. 3).

(?) Spelerpes morio (part) Brocchi, 1883: 113.
Oedipus helmrichi Schmidt, 1936: 152.

Bolitoglossa helmrichi, Taylor, 1944: 219.

Magnadigita helmrichi, Stuart, 1952: 5.

Bolitoglossa helmrichi, Wake and Brame, 1963a: 386.

Holotype: FMNH 21063, an adult male from mountains above Finca
Samac, west of Cobén, Alta Verapaz, Guatemala, 13, at 1300 m (4264 feet).

Bolitoglossa helmrichi (Schmidt, 1936)
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Material Examined: FMNH 20707 (8, 1 cleared and stained), topo-
paratypes; UMMZ S-1597 (cleared and stained); UMMZ 80929, 89136-7
(14), 89138, Guatemala, Alta Verapaz, Finca Samac, 13, 1350-1500 m (4440-
4920 feet); UMMZ 89132-34, 89135 (2), Guatemala, Alta Verapaz, Finca
Chichén, 14, 1700-1800 m (5600-5900 feet); UMMZ 89131, Guatemala,
Alta Verapaz, Finca Volcan, 15, 1410 m (4640 feet).

Diagnosis: A moderately small species of Bolitoglossa (5 adult males:
38.4 - 47.6, mean 43.1 mm SL; 5 adult females: 41.2 - 45.7, mean 42.8 mm
SL) with moderately high numbers of maxillary teeth (mean 56.4) and
moderate numbers of vomerine teeth (mean 30.9) in adults, distinguished from
B. flavimembris by smaller size, higher numbers of maxillary and vomerine
teeth, and coloration, from B. cuchumatana by higher numbers of maxillary
and vomerine teeth, from B. hartwegi and B. stuarti by less extensively webbed
feet, larger terminal phalanges, and discrete subterminal digital pads.

Description: Bolitoglossa helmrichi is a relatively small, rather stout
species with a moderately large, truncate snout. Males and females are about
the same size, but males apparently mature at a smaller size. The nostrils are
small. Labial protuberances are moderate in females and only slightly better
developed in males. Mental hedonic glands are moderately developed in males.
The head is broad (SL 5.2 - 6.1, mean 5.7 times head width in 4 adult males;
5.4-6.1, mean 5.9 in 5 adult females). A relatively deep groove extends below
the eye, following its curvature, but it does not communicate with the lip. The
moderate-sized eyes are only slightly protuberant and are generally not visible
beyond the margin of the jaw when viewed from below. A shallow postorbital
groove extends posteriorly from the eye as a shallow, irregular depression. At
the posterior end of the mandible the groove proceeds sharply ventrally and
extends across the throat, anterior to the gular fold, as a moderately defined
depression. Vomerine teeth increase in number with increasing size (Fig. 1).
The teeth are typically in long, single series and extend beyond the medial
border of the internal nares. Maxillary teeth extend beyond the center of the
eye and increase in number with increasing size (Fig. 2). The few premaxillary
teeth (2-3 in males, 3-7 in females) pierce the lip in adult males. The trunk
and tail are of moderate dimensions, neither robust nor slender. The tail is
nearly round in cross section and is strongly constricted at its base. The tail is
always considerably shorter than standard length. Light-colored postiliac glands
are barely evident. The slender limbs are moderately long. Limb interval varies
from 0 to 1.0 (mean 0.5) in males and from 0.5 to 1.5 (mean 1.0) in
females. Hands and feet are moderate in size and the digits are discrete (Fig.
15). Webbing is moderately extensive, but digital tips are free and bear well
developed subterminal pads. The fingers are, in order of decreasing length,
3, 2, 4, 1; toes, in order of decreasing length, 3, 4, 2, 5, 1. Pertinent counts
and measurements of four specimens are found in Table 1.

Measurements of Holotype (in mm) : Head width 6.8; snout to gular fold
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Figure 3. Distribution of the species of the Bolitoglossa helmrichi group in Chiapas,
Mexico, and Guatemala. The map symbols indicate the collection localities for the
different species: solid circle=B. hartwegi; open star in solid circle=B. stuarti;
open circle=B. flavimembris; open triangle=B. cuchumatana; solid triangle=B.
helmrichi. The numbers correspond to the locality data (indicated in bold face) in
the holotype, paratype, and material examined sections of the text.

(head length) 10.2; head depth at posterior angle of jaw 3.1; eyelid length 3.0;
eyelid width 1.7; anterior rim of orbit to snout 2.9; horizontal orbital diameter
2.2; interorbital distance 2.2; distance between vomerine teeth and parasphe-
noid tooth' patch 0.8; snout to fore limb 12.1: distance separating internal
































































































