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ABSTRACT. - The Sierra Madre del Sur of Oaxaca and Guerrero, along the west coast of Mexico, 
marks the northwestern limits of the genus Bolitoglossa. The three species known from these 
mountains comprise the rnacrinii group, which differs from all other Bolitoglossa beta by lacking 
mental gland clusters in adult males, and in having extremely weak premaxillary bones that fre- 
quently have incomplete frontal processes. Bolitoglossa macrinii and B. riletti occur in Oaxaca, and 
B. herrnosa, here described, has recently been found in Guerrero. These species can be distinguished 
by differences in color pattern and amount of foot webbing. The three species are also well differ- 
entiated on the basis of morphometric and electrophoretic differences. 

Over half of the world's known 
species of salamanders are tropical 
plethodontids in the tribe Bolitoglossi- 
ni. As recently as fifty years ago, only 
30 tropical species were recognized. To- 
day over 160 have been described. The 
largest genus in the Bolitoglossini is 
Bolitoglossa with about 75 species. Its 
members span the New World tropics 
from near the Tropic of Cancer in the 
north to the Tropic of Capricorn in the 
south. The Sierra Madre del Sur, locat- 
ed in the states of Oaxaca and Guerrero, 
Mexico, apparently represent the 
northwestern limits of the genus along 
the west coast of Mexico. The drainage 
of this mountain range is west of the 
Continental Divide and the range ex- 
tends from the Isthmus of Tehuantepec 
in the east-southeast to the mouth of 
the Rio Balsas in the west-northwest. 
The mountains lie parallel to the Pacific 
Ocean, from which they are separated 
by a coastal plain less than 30 km wide. 

Bolitoglossa macrinii (Lafrentz, 1930~) 
was described from Cerro Espino near 
Concordia, Oaxaca, and B.  riletfi (Hol- 
man, 1964) from 5.6 km south of Putla 
de Guerrero, Oaxaca (Fig. 1). A third 
species has now been found in the Rio 
Atoyac drainage of Guerrero, 250 km 
west-northwest of Putla (Fig. 1). The 
latter species, which is best diagnosed 
by its dorsal color pattern, is here de- 

scribed with the Latinized Spanish word 
for "beautiful" used as an adjective 
modifying the feminine-gender gener- 
ic name. 

Bolitoglossa hermosa New Species 
Plate I: F-G 

Holotype.-Museum of Vertebrate Zo- 
ology (MVZ) 143804. An adult female 
from 4.2 km (by road) E of Rio Santiago, 
elevation 825 m, Guerrero, Mexico. 
Found in a bromeliad on December 23, 
1976, by Theodore Papenfuss and Rob- 
ert L. Seib. 

Paratypes.-Twenty-three specimens, 
all from the Rio Atoyac drainage. Uni- 
versity of Michigan Museum of Zoolo- 
gy (UMMZ) 173374, given to Kraig Ad- 
ler by Alfred0 Sartorius z., a local 
collector, who obtained it between Cer- 
ro Pelon and Tor0 Muerto, about 8 km 
NW (airline) of Puerto del Gallo, ap- 
parently at about 2465 m, on 5 August 

158506 (158491 and 158493 are cleared 
and stained), 177900 (cleared and 
stained): all collected during August and 
September 1977, by a farmer, for T. J. 
Papenfuss and R. L. Seib on a cafetal 
located 18.1 km NE (by Puerto del Gallo 
Road) of Atoyac, elev. 775 m, Guerrero, 
Mexico. 

Diagnosis.-Bolitoglossa hermosa is a 
member of the macrinii group and with- 

1970. MVZ 143805-143808, 158489- 
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FIG. 1. The distribution of the species within the Bolifeglessa macrinii group. Numbers refer to 
electrophoretic samples (see text). 

in this group it has the most extensively 
webbed hands and feet. The tips of the 
fingers and toes are rounded and ex- 
tend slightly from the webbing, except 
for the first digits which are almost 
completely included within the web- 
bing (Fig. 2). The diagnostic color pat- 
tern consists of a dorsolateral row of 
yellowish-white spots on each side of 
the body. Each row starts just behind 
the eye and extends back along the body 
to the vicinity of the posterior end of 
the vent (Plate I: F-G). Scattered yel- 
lowish white spots may be present on 
the tail. Some specimens have occasion- 
al yellow flecks on the dorsum between 
the two rows. In some individuals, par- 
ticularly juveniles and subadults, the 
dorsolateral spots are fused into partial 
or continuous stripes. The dorsal and 
lateral background coloration of body, 
limbs, and tail is uniform dark brown. 

Description of Holotype.-This adult 
female has a rounded snout and small 
nostrils. The distinct nasolabial grooves 
have well-developed labial protuber- 
ances. A pocket-like fold at the anterior 
end of each orbit is connected with a 
groove that runs beneath, and then 
curves upward behind each orbit, end- 

ing in a deep fold. The eyes are small 
and when viewed from above do not 
protrude beyond the jaw. There is a sin- 
gle premaxillary tooth, 24 maxillary 
teeth, and 31 vomerine teeth. The limbs 
are relatively short and are separated by 
3% costal grooves when appressed along 
the body. The webbing of both hands 
and feet is extensive (Fig. 2; Plate I, F- 
G). The right hind foot of the holotype 
is 91% fully webbed. The fingers and 
toes, in order of decreasing length, are, 
respectively, 3, 2, 4, 1. and 3, 4, 5, 2, 1. 
The distinct costal folds extend from just 
lateral to the middorsal line onto the 
venter. There is a moderate constriction 
of the tail base. 

Measurements (in mm): head width 
8.2; snout to gular fold 12.6; snout to 
posterior angle of vent 54.0; axilla to 
groin 31.8; tail 51.2; forelimb length 
11.6; hindlimb length 12.5; width of 
right foot 5.7. 

Paratypes.-The paratype series con- 
sists of 17 females and 6 males. Males 
lack an enlarged mental gland cluster 
and are smaller in standard length than 
females. The females range in size from 
33.8 to 55.5 mm (mean 48.5), males from 
34.3 to 49.9 mm (mean 39.7). Vomerine 
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FIG. 2. Left feet of the species of the Bolitoglossa macrinii group, drawn from cleared and stained 
specimens with aid of microprojector, cartilage stippled. B.  hermosa (MVZ 177900), B .  macrinii (UIMNH 
9113) and B. riletti (MVZ 138891). 

teeth range from 13 to 54 (mean 35.9) 
in females, 22 to 53 (mean 33.7) in males; 
premaxillary teeth 0 to 8 (mean 2.9) in 
females, 1 to 6 (mean 3.0) in males; max- 
illary teeth 14 to 56 in females (mean 
34.4), 11 to 31 (mean 20.8) in males. The 
amount of spotting along the dorsolat- 
eral sides of the body varies. The spots 
are fused into stripes on some of the 
smaller specimens. In two females the 
dorsolateral rows are reduced to small 
flecks that decrease in size and frequen- 
cy from anterior to posterior. 

HABITAT AND DISTRIBUTION 
Bolitoglossa hermosa occurs in the Rio 

Atoyac drainage on the Pacific slope of 
the Sierra Madre del Sur of Guerrero. 
The holotype is from an elevation of 
825 m and 23 paratypes are from 775 m. 
Both of these localities are in the Trop- 
ical Semi-deciduous Forest zone as de- 
fined by Duellman (1965). In the Atoyac 

area this zone first appears inland from 
the coastal Arid Tropical Scrub Forest at 
an elevation of about 500 m and ex- 
tends up the slopes of the Sierra Madre 
del Sur to about 1500 m. Above 1000 m 
the forest becomes more ”cloud forest 
like” with characteristic tree ferns and 
giant bamboo. Much of the natural 
vegetation has been removed for the 
planting of coffee and both localities 
below 1000 m are in ”cafetales” where 
scattered shade trees remain. The ho- 
lotype was obtained during the Decem- 
ber 1976, dry season in a bromeliad 2.5 
m from the ground. Here spiny bro- 
meliads occur in clumps of 6 to 15 cir- 
cling some of the shade trees. Only a 
single salamander was found after 
opening about 50 bromeliads. A series 
of 23 B. hermosa was collected in a caf- 
eta1 by a farmer during the August- 
September 1977 rainy season. All were 
found on the ground in leaf litter among 
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coffee plants. These salamanders are 
known to local residents by the name 
"cuilisa." The specimen given to Adler 
(UMMZ 173374) was found under a rot- 
ten log in pine-oak forest at an eleva- 
tion of 2465 m. This altitudinal range of 
nearly 1700 m is greater than that re- 
ported for other species of Bolitoglossa. 

REDEFINITION OF BOLITOGLOSSA MACRINII 
AND B.  RILETTl 

Neither B.  macrinii nor B.  riletti is well 
known. The only detailed discussions 
of B.  macrinii were presented in the 
original description (Lafrentz, 1930a), 
two subsequent repetitious publica- 
tions by Lafrentz (1930b, 1931), and in 
a paper by Taylor (1949). The species is 
known in the literature only from the 
type series and from three specimens 
reported by Taylor. The type series was 
originally deposited in the museum in 
Magdeburg and presumed lost when 
that museum was destroyed at the end 
of the Second World War. 

Recently we have collected series of 
salamanders from the vicinity of the 
type localities of both B .  macrinii and B.  
riletti. We also have examined the type 
series of €3. riletti; since the entire series 
is composed of juveniles, it is necessary 
to redefine the species before proceed- 
ing with comparisons. In addition, we 
have examined specimens in the Zoo- 
logical Museum, Berlin, that we believe 
represent paratypes of B. macrinii. This 
species also needs redefinition, for the 
specimens described by Taylor (1949) 
are not typical of the species. 

Bolitoglossa macrinii (Lafrentz, 1930a) 
Holotype.-Museum Magdeburg N.V. 

52/29 (not examined). An adult male 
from "Cerro Espino, 1000 m hoch, sub- 
tropischer Laubwald am Sudhang der 
Sierra Madre del Sur, bei Concordia, 
Staat Oaxaca, Mexiko." This specimen, 
which was collected by Lafrentz on 31 
December 1927, was kept alive until 
January 1930. It was presumably de- 
stroyed during the Second World War, 
for it cannot be found. 

Paratypes. -Zoologisches Museum 
Berlin 33693. An adult male and female 
listed as "Cotypen!" on the bottle label. 
These specimens were collected with 
the holotype by Lafrentz and kept in 
captivity until sometime after 1930. If 
the holotype was destroyed, as seems 
likely, one of these two specimens is 
available for designation as a neotype. 

Additioizal Material Examined.-Fifty- 
eight specimens (all from Oaxaca). Cal- 
ifornia Academy of Sciences (CAS) 
101370, km 178 S of Oaxaca on Oaxaca- 
Puerto Escondido Rd; University of 
Texas at Arlington (UTA-CV) 5521-11, 
UTA-3657, 5.8 mi (=9.3 km) SW Sola de 
Vega; American Museum of Natural 
History (AMNH) 13812 Pluma Hidalgo; 
AMNH 51822-24, Quiegolani; AMNH 
69031, 9 mi (=14.4 km) S of Suchixte- 
pec; AMNH 80145-46,27 mi (=43.2 km) 
N San Gabriel Mixtepec; AMNH 80147, 
23 mi (=36.8 km) N San Gabriel Mix- 
tepec; MCZ 29700, Copalitos; Universi- 
ty of Illinois Museum of Natural His- 
tory (UIMNH) 9107-17 (UIMNH 9113 
is cleared and stained) La Soledad; 
UMMZ 128862, 37 km N (by road) San 
Gabriel Mixtepec; MVZ 158507-20, 40 
km N (by Hwy 175) of Pochutla; MVZ 
158521-22, 47 km N (by Hwy 175) of 
Pochutla; MVZ 158523-30, San Gabriel 
Mixtepec; MVZ 158531-32,16 km S San 
Gabriel Mixtepec along road to Puerto 
Escondido; MVZ 158533, 9.4 km S Sola 
de Vega; MVZ 158534-36, 15 km N San 
Gabriel Mixtepec along road to Sola de 
Vega; MVZ 161077-78, 4.4 km S (by 
Hwy 175) of San Miguel Suchixtepec; 
MVZ 17899 (cleared and stained), 40 km 
N of Pochutla along road to Suchixte- 
pec. 

Definition.-Within the macrinii group 
Bolitoglossa macrinii has the least exten- 
sively webbed hands and feet. Except 
for the first digits, which are almost 
completely included within the web- 
bing, the fingers and toes extend well 
beyond the webbing and their tips are 
somewhat flattened (Fig. 2). The left 
hind foot of UIMNH 9113 is 78% fully 
webbed. This species shows a highly 
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variable color pattern on a uniform 
black background coloration of body, 
limbs and tail (Plate I: B-E). Some in- 
dividuals show no pattern over the 
background coloration. Some have a few 
gray-green lichen-like spots scattered on 
the body and tail (Plate I: C). In others 
the spots are extensive and often fused 
to form a veil-like pattern over much of 
the body, limbs, and tail (Plate I: D-E). 
In the material examined males range 
in size from 30.2 to 67.9 mm and fe- 
males from 30.8 to 72.9 mm in standard 
length. Males lack an enlarged mental 
gland cluster. Tooth counts were made 
on samples of MVZ specimens collected 
on the coastal slope of the Sierra Madre 
del Sur of Oaxaca. These samples con- 
tained 13 females and 22 males. Vomer- 
ine teeth range from 16 to 34 (mean 25.1) 
in females, from 13 to 37 (mean 25.3) in 
males; premaxillary teeth from 3 to 5 
(mean 3.8) in females, 2 to 13 (mean 4.3) 
in males; maxillary teeth from 16 to 39 
(mean 26) in females, 12 to 63 (mean 32) 
in males. 

Habitat and Distribution.-Specimens 
have been obtained in July, August, 
September, October, and December. 
Collecting site elevations range from 
550 to 1860 m. Most of the MVZ speci- 
mens were collected in the leaf axils of 
banana plants in "cafetales" at eleva- 
tions below 1200 m on the Pacific slope 
of the Sierra Madre del Sur. This species 
has also been found at higher eleva- 
tions in pine-oak forest inside logs and 
in rock rubble. 

Discussion.-Seven specimens from 
two interior valley localities in the Sier- 
ra Madre del Sur are tentatively re- 
ferred to this species. These are AMNH 
51822-24, Quiegolani; MVZ 158533,9.4 
km by road S Sola de Vega; UTA-CV 
5321-22, UTA-CV A-3657, 8.5 km SW 
Sola de Vega. These specimens are uni- 
formly brownish in color without any 

dorsal pattern. In addition, they have 
reduced foot webbing and the single 
specimen examined is electrophoreti- 
cally distinct (see below) from typical 
B. macrinii. 

Bolitoglossa riletti Holman, 1964 
Holotype.-UIMNH 52761. A juvenile 

female from 3.5 miles (=5.6 km) S of 
Putla de Guerrero, Oaxaca, Mexico. The 
holotype was collected 24 December 
1962 by Ronald Altig, William Holmes 
Hill, and J. Alan Holman. 

Paratypes.-UIMNH 52754-52760. A 
series of seven juveniles obtained by the 
same collectors at the type locality. 

Additional Material Examined.-Thirty 
two specimens (all from Oaxaca). MVZ 
106359-67, 132567, 6 km S of Putla; 
MVZ 115291-92, 13.3 km (by road) S of 
Putla; MVZ 138887-94 (MVZ 138890 
and 138891 are cleared and stained), 
146778, 3.8 mi (=6.1 km) S (by road) of 
Putla; MVZ 146767-72, 6.2 km NE (by 
Hwy 125) of Putla. 

Definition.-Bolitoglossa riletti has mod- 
erately webbed hands and feet. The 
amount of webbing is intermediate be- 
tween the nearly fully-webbed condi- 
tion found in B.  hermosa and the re- 
duced webbing of B. macrinii (Fig. 2). 
The right hind foot of MVZ 132567 is 
84% webbed. The color pattern of most 
adults consists of small scattered cream 
colored spots on a dark brown back- 
ground coloration (Plate I: A). In some 
specimens the spots are reduced to a few 
widely-scattered tiny flecks. Juveniles 
have a light brown dorsal background 
coloration with a middorsal dark stripe 
that runs from the pelvis to the neck, 
where it bifurcates and continues to 
each eye. In the material examined 
males range in size from 36.9 to 52.1 
mm and females from 31.4 to 54.4 mm 
in standard length. Males lack an en- 
larged mental gland cluster. Tooth 

t 

PLATE I (opposite page). Salamanders of the Bolitoglossa macrinii group. (A) B.  riletti adult, MVZ 
138890; (B) B.  rnacrinii juvenile, MVZ 158529; (C) uncatalogued specimen of B. macrinii from 1.5 km N 
San Gabriel Mixtepec, Oaxaca; (D) B.  macrinii adult, MVZ 158507; (E) B. macrinii adult, UMMZ 128862; 
(F)  B.  hermosa adult, MVZ 143805; (C) B. hermosa holotype, MVZ 143804. 
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1. 
2. 
3.  
4. 
5. 
6. 

counts were made on nine female and 
six male MVZ specimens. Vomerine 
teeth range from 16 to 43 (mean 28.9) 
in females, from 19 to 55 (mean 26.9) in 
males; premaxillary teeth 0 to 2 (mean 
0.8) in females, 0 to 4 (mean 1.0) in 
males; maxillary teeth 3 to 29 (mean 
16.1) in females, 3 to 28 (mean 16.2) in 
males. 

Habitat and Distribution.-Specimens 
have been obtained in January, August, 
November, and December. The type se- 
ries and all MVZ material were collect- 
ed in ”cafetales” in Secondary Tropical 
Semi-deciduous Forest. All were found 
in the leaf axils of banana plants or oth- 
er large leafed plants. Known localities 
are along Mexican Highway 125 near 
the town of Putla. Elevations range from 
700 m at a site of 13.3 km S of Putla to 
1030 m at a site 19.5 km NE of Putla. 

Discussion.-The type description of 
B. riletti was based on juvenile speci- 
mens and, thus, some of the diagnostic 
characters in the original description 
apply only to juveniles. The species is 
not diminutive, maxillary teeth are 
present in sexually mature individuals, 
and adults lack a middorsal dark stripe. 

ELECTROPHORETIC ANALYSIS 
Representatives of six populations 

were used for an electrophoretic anal- 
ysis, designed to investigate the degree 
of genetic subdivision within the ma- 
crinii group. The following samples were 
used (number used in electrophoretic 
study in parentheses): 

4.4 km S San Miguel Suchixtepec (2) 
40 km N Pochutla (6) 
San Gabriel Mixtepec (6) 
9.4 km S Sola de Vega (1) 
Vicinity of Putla (20) 
18.1 km NE Atoyac (10) 

The first four populations were as- 
sumed to represent B .  macrinii, popula- 
tion 5 is assignable to B .  riletti and pop- 
ulation 6 to B. hermosa. 

Living specimens were transported to 
the laboratory where samples of liver, 
spleen, stomach, intestine, and heart 

were extracted from freshly killed spec- 
imens and stored at -76°C for later use. 
Homogenized tissue extracts were 
pooled and analyzed by standard tech- 
niques of horizontal starch-gel electro- 
phoresis, using standard procedures 
(Ayala et al., 1972; Harris and Hopkin- 
son, 1976; Selander et al., 1971). The fol- 
lowing gel buffer systems were used: 
Tris maleate pH 7.0 (1:lO dilution of 
electrode buffer plus NADP for gel) for 
malic enzyme (Me), malate dehydroge- 
nase (Mdh), and phosphogluconate de- 
hydrogenase (Pgd); borate pH 8.2 (Pou- 
lik pH 8.7 for gel) for lactate 
dehydrogenase ( L d k )  and leucine ami- 
nopeptidase (Lap); lithium hydroxide A 
pH 8.1 (lithium hydroxide A + B pH 8.2 
for gel) for glutamate-oxaloacetate 
transaminase (Got), and peptidases (Leu- 
ala and Leu-glygly, both stained with 1% 
agar overlay); Tris citrate, pH 8.0 (1:30 
dilution for gel) for isocitrate dehydro- 
genase ( I c d ,  with MgC1, substituted for 
MnC1, in staining solution), sorbitol de- 
hydrogenase (Sordk), glycerol-3-phos- 
phate (Gpd), and mannose phosphate 
isomerase (Mpi); Tris citrate, pH 7.0 (1: 
5 dilution for gel) for phosphogluco- 
mutase (Pgm) and glucose phosphate 
isomerase (Gpi stained with 1% agar 
overlay). 

Genetic interpretations of allozyme 
variation were based on criteria elabo- 
rated by Selander et al. (1971) and Har- 
ris and Hopkinson (1976). Nei’s D (1978) 
and Rogers’ D, (1972) measures of ge- 
netic distance were calculated and used 
for interpopulational comparisons. Es- 
timates of heterozygosity were derived 
from direct counts. Estimates of poly- 
morphism are based on the number of 
loci having two or more variants divid- 
ed by the total number of loci. 

We examined 19 electromorphic loci 
in the six populations studied. All 19 
are polymorphic in the sample as a 
whole, and polymorphism is in general 
relatively great. Excluding the entirely 
homozygous single specimen repre- 
senting population 4, the extent of 
polymorphism ranges from 0.21 (pop- 
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dation 1, a sample of only 2 and thus 
one expected to show low polymor- 
phism) to 0.42 (populations 2, 3, and 5). 
Average heterozygosities excluding 
population 4 range from 0.039 to 0.143 
(Table 1). 

There is relatively great genetic sub- 
division of our sample (Table 2). Ex- 
cluding population 4 for the moment 
because of its small sample size and dis- 
tinctiveness, Nei’s D within B .  macrinii 
ranges from 0.09 for nearby popula- 
tions 1 and 2 (separated by a straight- 
line distance of about 10 km) to 0.24 for 
populations 1 and 3 (separated by a 
straight-line distance of about 60 km). 
There is an asymmetry in the pattern of 
interpopulation variation, with popu- 
lation 2 being nearly equidistant from 
1 and 3, which in turn are very distinct 
from each other. Such a pattern is ex- 
pected within a species, because of the 
differential effects of gene flow, popu- 
lation size, and related phemonena. 

Interspecific genetic distance values 
also show asymmetries, and these can- 
not be so easily explained. For example, 
three populations of B.  macriizii have 
values of D relative to B .  riletti of from 
0.54 to 0.80, although they have a more 
uniform range of 0.71 to 0.76 relative to 
B.  hermosa. B .  hermosa have a D of about 
0.36 relative to €3. riletti, a degree of dif- 
ferentiation greater than that separat- 
ing many species of the genus Plethodon 
(Highton and Larson, 1979) but also less 
than maximal values found within some 
widespread species such as Pseudoeury- 
cea leprosa (Lynch et al., in press),  and 
Batrachoseps pacificus (Yanev, 1980). 

Population 4, which we tentatively 
assign on morphological and geograph- 
ic grounds to B. macrinii, has a D of from 
0.54 to 0.80 relative to other B .  macrinii, 
but it is more similar to them than to B.  
ri lett i  (0.86) or B .  herrnosa (1.05). Since 
we have only a single homozygous in- 
dividual, the measured genetic distance 
is probably somewhat inflated (but see 
Gorman and Renzi, 1979, for an analy- 
sis of the value of genetic comparisons 
using only one individual). 

COMPARATIVE OSTEOLOGY 

The three species of Bolitoglossa ana- 
lyzed in this paper have similar osteol- 
ogy. A general description is provided 
below; where there are apparent species 
differences, they are noted. Osteologi- 
cal information was obtained from 
cleared and double-stained (for bone 
and cartilage) specimens (2 B.  rilctti, 3 
B.  hermosa,  2 B.  macrinii) and from x-rays 
of all three. The anterior part of the skull 
of one B .  ri lett i  is illustrated in Fig. 3. 
We have discerned no major interspe- 
cific differences among the beta group 
of Bolitoglossa in the posterior part of 
the skull (illustrated by Wake and 
Brame, 1969). Only relevant variation is 
presented in this brief treatment. 

The skull of these three species is 
specialized relative to other members of 
the genus. The premaxillary is highly 
unusual, and a glance at any given 
specimen suggests that it is aberrant and 
malformed developmentally. The bone 
is slender and lacks enlarged teeth even 
in adult males. The bone is weakly ar- 
ticulated, if at all, with the slender max- 
illaries. A palatal shelf is so small as to 
be essentially absent. The frontal pro- 
cesses are slender and widely separat- 
ed. The processes are discontinuous in 
some specimens of all 13 species (Fig. 
3), being represented dorsally by tiny 
fragments lying beside the nasals. In no 
instance do they more than reach the 
dorsal surface of the skull, but in a large 
male macrinii, the process on one side 
reaches the nasal and is tightly articu- 
lated to the anteromedial margin of that 
bone. The processes do not extend pos- 
teriorly, but only dorsally or slightly 
dorsoposteriorly, and they never con- 
tact the frontal. In some instances the 
processes are discontinuous at their or- 
igin, the toothed portion of the bone. 
In only a few instances do the processes 
ever extend dorsally as far as the nasals, 
and usually, when x-rayed from above, 
the processes fail to extend posterior to 
the toothed portion of the premaxillary. 
There is no distal expansion of the pro- 
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TABLE 1. Electromorph frequencies. 

No.  of 
Species electro- 

B. inncrimi B. riletfi  B .  hcrmosa morphs 
Electro- Per 

Locus morph 1 2 3 4 5 6 locus 

Glucosephosphate 
isomerase 

Glutamate 
oxaloacetate 
transaminase-1 

Glutamate oxalo- 
acetate 
transaminase-2 

Glycerol-3-phos- 
phate 
dehydrogenase 

Isocitrate 
dehydrogenase-1 

dehydrogenase-2 

dehydrogenase-I 

Isocitrate 

Lactate 

Lactate 

Leucine 

dehydrogenase-2 

aminopeptidase 

Malate 

Malate 

Mannose 

dehydrogenase-1 

dehydrogenase-2 

phosphate 
isomerase 

Malic enzyme-1 

Malic enzyme-2 

Peptidase 
(L-leucyl- 
glycyl-glycine 
substrate 

Peptidase (L-leu- 
cyl-L-alanine 
substrate) 

a 
b 

d 
e 

a 
b 

C 

a 
b 

a 
b 
C 

a 
b 

a 
b 

a 
b 

d 
a 
b 

a 
b 

C 

C 

a 
b 
a 
b 

a 
b 
C 

a 
b 

a 
b 

d 
e 

a 
b 

d 
a 
b 

C 

C 

C 

1 .O 

1 .o 

1 .o 

0.25 
0.75 

1 .o 

1.0 

1.0 

1.0 
1.0 

1 .o 
1 .o 

0.75 
0.25 

1.0 

1 .o 

1 .o 

0.50 
0.50 

0.83 
0.17 

1 .o 

1.0 

0.17 
0.83 

1.0 

1 .o 

0.92 
0.08 

1.0 

0.92 
0.08 

1 .o 
1 .o 

1.0 

0.25 
0.75 

0.83 
0.17 

1 .O 

0.42 
0.58 

0.17 
0.83 

0.83 
0.17 

1 .o 

0.34 
0.66 

1 .o 

1 .o 

1 .o 

1.0 

0.08 
0.92 

0.17 
0.83 
1.0 

1 .o 

1.0 

1 .o 

0.17 
0.83 

0.17 
0.83 

1.0 

1 .o 

1 .o 

1 .o 

1.0 

1 .o 

1.0 

1 .0 

1.0 

1 .o 

1.0 

1 .o 

1.0 

1 .o 

1.0 

1 .o 

0.05 

0.95 

0.40 
0.60 

0.25 
0.75 

0.50 
0.50 

0.97 
0.03 

1 .o 
1 .o 

1.0 

1.0 

1 .o 

1 .o 

1.0 

0.03 
0.97 

0.06 
0.94 

0.93 
0.07 

1 .o 

1 .o 

1 .o 

0.25 
0.75 

0.70 
0.30 

1 .o 

0.10 
0.90 

1 .o 

1 .o 
1 .o 

0.20 
0.80 

0.80 
0.20 

1 .o 

1 .o 

1.0 

0.60 
0.30 
0.10 

0.90 
0.10 

1.5 

1.3 

1.3 

1.8 

1.2 

1.2 

1.0 

1.3 

1.3 

1.2 

1.2 

1.3 

1.3 

1.7 

1.7 
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TAHLE 1. Continued. 

No. of 
Species electro- 

E. rilettr B .  \iernrosa morphs 

Locus morph 1 2 3 4 5 b locus 

B. ?nncrinii 
Electro- ~~ Per 

Phosphogluco- a 0.50 0.34 0.42 1.5 
mutase b 1 .o 1 .o 1 .o 

C 0.50 0.66 0.58 

6 - P h o ~ p h o g l ~ -  a 1 .o 1 .o 
conate b 1.0 
dehydrogenase C 1 .o 1 .O 

dehydrogenase b 1 .o 1 .o 1 .o 1 .o 1.0 

d 1 .o 1 .o 
Sorbital a I .o 1.0 

% loci polymorphic 21.0 42.1 42.1 0 42.1 36.8 
H 0.123 0.141 0.143 0 0.039 0.048 

cesses, and the two processes never 
contact each other. 

The snout is relatively long and 
pointed, and there is a large internasal 
fontanelle that is bordered laterally by 
ventromedially directed processes of the 
nasals. The nasals are large, elongate 
bones that extend beyond the premax- 
illaries. Maxillary bones are relatively 
weak and bear small teeth. The maxil- 
laries are only very weakly, if at all, ar- 
ticulated to the vomers, nasals, and pre- 
maxillaries. B. macrinii (including the 
Sola de Vega population) and B .  riletti 
have small prefrontal bones, at least in 
some specimens (all cleared and stained 
specimens), but the bones are not ob- 
served in B.  hermosa. The prefrontals are 
less than one-fourth the area of the na- 
sals, and may be very tiny and be en- 
tirely underlain by the nasals. The na- 
solacrimal duct enters the nasal capsule 
through a foramen incised on the dor- 
sal margin of the maxilla, and some- 
times partly in the lateral side of the 
nasal, well anterior to the prefrontal. 
Facial portions of the frontals are rather 
large and they articulate well with the 
nasals and often with the prefrontals. 
The frontals and parietals are separated 
by sizeable gaps in all specimens (Fig. 
3) ,  except an adult male macrinii (MVZ 
177899), in which the gap is narrow. The 

middorsal fontanelle is largest near the 
four bone intersection, and between the 
parietals. The vomers are usually very 
widespread, with contact only postero- 
medially, where the toothed portions 
approach each other on the ventral 
midline. There are no otic crests and 
there is no stylus on the operculum. 

All specimens have 14 trunk verte- 
brae, and the last lacks ribs. Typically 
the atlas remains cartilaginous middor- 
sally. Many tails are imperfect (presum- 
ably from predator attacks) but in adult 
specimens with complete tails the num- 
ber of vertebrae ranges from 26 to 34 
(highest number in macrinii; riletti and 
hermosa not observed to have more than 
30). Two caudosacral vertebrae are pres- 
ent in all specimens, and all have the 
"beta" (Wake and Dresner, 1967; Wake 
and Lynch, 1976) tail base structure, but 
not in typical form. In the beta canfig- 
uration the transverse process of the first 
caudal vertebra is strongly forked, and 
the first overlaps the serially homolo- 
gous process of the last caudosacral ver- 
tebrae. However, in these species there 
is a great deal of variation in the tail 
base region. The processes of the first 
caudal vertebrae always have some kind 
of distal fork, but it is erratic in form 
and often asymmetrical in a single in- 
dividual. Many specimens have ante- 
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TABLE 2. Coefficients of Nei’s Distance (above 
diagonal) and Rogers’ Distance (below diagonal) 
between population. 

1 2 3 4 5 6 

1 1  0.093 0.238 0.799 0.980 0.749 
0.096 0.599 1.112 0.711 

3 0.269 0.171 0.541 1.006 0.757 
4 0.572 0.472 0.450 0.857 1.052 
5 0.638 0.668 0.636 0.586 0.361 

2 0.162 

6 0.558 0.552 0.548 0.674 0.349 1- 

rior tines of the fork that fail to overlap 
the processes of the last caudosacral 
vertebra. Occasional animals have the 
“typical” beta configuration. 

Tibial spurs are absent in all speci- 
mens, but low ridges and some slight 
proximal protrusion are present in some 
individuals. There are 7 carpals and 8 
tarsals in the typical Bolitoglossa config- 
uration but one macrinii  has 9 tarsals 
(distal tarsals 4 and 5 are separated). The 
shape of the phalanges is discussed sep- 
arately in the section on form of hands 
and feet. 

MORPHOMETRIC ANALYSIS 
The morphometric analysis is based 

on the examination of nine preserved 
female specimens, larger than 31 mm in 
SVL, of each of the three species. Nine 
characters were considered. The follow- 
ing six characters were standardized to 
SVL: tip of snout to gular fold (SG); head 
width (HW), the distance across the 
broadest part of the head; distance be- 
tween axilla and groin (AG); front limb 
length from axilla to tip of longest digit 
(FL); hind limb length from groin to tip 
of longest digit (HL); and foot width 
(FW), the distance across the widest part 
of the foot. Three additional characters 
were used: number of premaxillary 
teeth (PT); number of maxillary teeth 
(MT); and number of vomerine teeth 
(VU. 

Since no single one of the above 
characters will distinguish the species, 
the multivariate statistical technique of 
discriminant function analysis (Univer- 
sity of California, Berkeley SPSS ver- 

FIG. 3. Anterior part of the skull of Bolitoglossa 
riletti (MVZ 138891), drawn from a cleared and 
stained adult male specimen with the aid of mi- 
croprojector, cartilage stippled. 

sion 8.c) was used. See Lynch and Wake 
(1975) and Lynch and Wake (1978) for 
the application of this technique to neo- 
tropical plethodontid salamanders. As 
seen in Table 3, this method correctly 
discriminates eight of the nine B. her- 
mosa, all nine B. riletti, and eight of the 
nine B.  macrinii  (Fig. 4).  Prior probabil- 
ity of correct classification for this study 
was 0.33; realized probability was 0.93. 
The first discriminant axis (Fig. 4) ac- 
counts for 51.3% of the interspecific 
variation. The most important variables 
are maxillary tooth number and pre- 
maxillary tooth number (Table 4). In the 
second axis, the most important vari- 
ables are standardized head width and 
standardized hind limb length. 

THE M A C R ~ N I I  SPECIES GROUP 
The species of Bol i tog los sa  found 

North and West of the Isthmus of Te- 



MEXICAN BOLITOGLOSSA 305 

TABLE 3. Discriminant function analysis class 
results using nine females of each species. Twen- 
ty five of the 27 individuals (92.6%) were correctly 
classified. 

Predicted group membership 

B B B. 
Actual group hermosa rilettt miicrinii 

B. hermosa 8 I 0 
B. riletti 0 9 0 
B.  macrinii 1 0 8 

huantepec fall into three very distinct 
groups. The mexicana group of Bolito- 
glossa alpha (Wake and Lynch, 1976) is 
found along the coast of the Gulf of 
Mexico as far north as San Luis Potosi, 
and B. platydactyla is the only species in 
most of the area. An apparently isolated 
population of B. mexicana occurs in the 
Los Tuxtlas region of Veracruz. All oth- 
er Bolitoglossa in the region are mem- 
bers of Bolitoglossa beta. The rufescens 
group is represented by B. rufescens 
which in this region has a distribution 
similar to that of B. platydactyla. In the 
Los Tuxtlas area (Shannon and Werler, 
1955) and the mountains west of the 
Isthmus in northern Oaxaca (Duellman, 
1960), B. occidentalis has been reported. 
All other Bolitoglossa in this region are 
members of the macrinii  group. The mn- 
crinii group occupies the southern part 
of this region and members of this 
group are not sympatric with any other 
Bolitoglossa. 

The macrinii  group was established by 
Wake and Lynch (1976) for B. riletti and 
B. macrinii, but it was not characterized. 
Our impression is that it is the most dis- 
tinctive of the species groups of Bolito- 
glossa beta. Members of the macrinii 
group differ from all other Bolitoglossa 
beta in having extremely weak premax- 
illary bones that frequently have in- 
complete frontal processes. Premaxil- 
lary teeth are small, even in adult males. 
The macrinii group is further distin- 
guished by lack of mental gland clus- 
ters in adult males. It is possible that 
such glands might appear only at cer- 

TABLE 4. Standardized coefficients for step- 
wise multiple discriminant function analysis of 
morphometric variation in three species of Boll- 
toglossa. The first axis explains 51.3% of the ob- 
served interspecific variation. 

Discriminant function 

First Second 
Character axis axis 

Snout-gular length 
Head width 
Axilla groin length 
Front limb length 
Hind limb length 
Foot width 
Premaxillary tooth number 
Maxillary tooth number 
Vomerine tooth number 

0.348 
0.174 
0.144 

- 0.333 
0.255 

-0.471 
0.596 
0.753 

-0.339 

-0.295 
0.926 

-0.364 
-0.002 
-0.786 

0.176 
0.408 

-0.279 
-0.749 

tain times of the year, but, characteris- 
tically, mental glands are permanent in 
tropical salamanders once they develop 
(Houck, 1977a, b). Mental glands also are 
absent in the mexicana group of Bolito- 
glossa alpha. 

We believe that the macrinii  group 
properly belongs in Bolitoglossa beta be- 
cause it has a “complex” tail base (Wake 
and Dresner, 1967; Wake and Lynch, 
1976). However, a number of the ani- 

A 
A 

* 

0 
A A A  

0 
A 

0 

0 

0 
0 0  

0 
0 

0 

0 

-4  0 J2, 
0 4 0  - 4 0  - 2 0  20 

First Discriminant Axis 

FIG. 4. Plot of the two discriminant axes sep- 
arating the three species within the Bolitoglossa 
macrinii group. Centroids are marked with an as- 
terisk. 
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mals we have investigated have the 
complex tail base somewhat incom- 
pletely developed. It is possible that the 
division of Bolitoglossa into alpha and 
beta assemblages is an oversimplifica- 
tion, and the macrinii group may be the 
equivalent of the remainder of Bolito- 
glossa beta in a cladistic sense, as the 
mexicana group may of the remainder of 
Bolitoglossa alpha. 

RESUMEN 
La Sierra Madre del Sur en Oaxaca y 

Guerrero, Mkxico, constituye el limite 
noroccidental del gknero Bolitoglossa a 
lo largo de la costa oeste de Mkxico. Las 
tres especies conocidas en estas mon- 
tarias constituyen el grupo macrinii, que 
se difiere de todos 10s otros Bolitoglossa 
beta por su carencia de accmulos de 
gl6ndulas en el ment6n de 10s machos 
adultos, y en su posesi6n de huesos pre- 
maxilares extremadamente dkbiles que 
frecuentemente tienen procesos fron- 
tales incompletos. Bolitoglossa macrinii y 
B. riletti se distribuyen en Oaxaca, y B. 
hermosa-aqui descrita-se ha encontra- 
do recientemente en Guerrero. Estas tres 
especies pueden distinguirse en base de 
sus diferencias en coloraci6n y grado de 
condici6n palmipeda, asi como su mor- 
fometria y caracteristicas electrofor6ti- 
cas. 
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