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Molecular Phylogenetic Analysis of Relationships of the Tropical
Salamander Genera Oedipina and Nototriton, with Descriptions of a New

Genus and Three New Species

MARIO GARCGIA-PARIS AND DAVID B. WAKE

Sequences of two mitochondrial genes (385 base pairs of cytochrome b and ap-
proximately 520 base pairs of 16S DNA) were gathered for 26 taxa of the Middle
American plethodontid salamander genera Nototriton and Oedipina and from three
outgroup members of the tribe Bolitoglossini. Phylogenetic analyses of these data
reveal well-supported cladistic structure and demonstrate the paraphyly of the moss
salamanders of the genus Nototriton, which includes two well-defined clades. One
clade, the sister taxon of Oedipina, corresponding to the Costa Rican and Honduran
species of the picadoi, richardi, and barbouri groups, retains the name Nototriton. A
new name is required for the second clade, the sister taxon of Oedipina plus Noto-
triton (sensu stricto). This clade, which we name Cryptotriton, is well supported mor-
phologically and includes the species of the nasalis and adelos groups. A new species
of Nototriton from Monteverde, Costa Rica, is described as Nototriton gamezi. Species
of Oedipina fall into two clades that we treat as subgenera. Oedipina (sensu stricto)
includes the longer-bodied, generally more slender and darker colored species and
is the more speciose clade. Oedopinola includes the shorter-bodied, generally more
robust and lighter-colored species. Two new species of the latter clade are described,
Oedipina maritima from the lowlands of northwestern Panama, and Oedipina savagei,
from uplands of southwestern Costa Rica.

HE evolutionary radiation of bolitoglossine
salamanders in tropical America resulted

in an enormous diversification of morphology
and ecology, ranging from large, robust terres-
trial forms (e.g., Pseudoeurycea belliv) to diminu-
tive moss dwelling forms (e.g., Nototriton abscon-
dens). One of the most strikingly derived mor-
phologies within the bolitoglossines is displayed
by the genus Oedipina, which comprises 18 cur-
rently recognized species distributed from Chia-
pas and the Yucatan Peninsula in México to
northwestern Ecuador. Oedipina is a well-sup-
ported monophyletic group (Wake and Elias,
1983), characterized as being the only tropical
bolitoglossine salamanders in which body elon-
gation is a consequence of an increase in the
number of vertebrae. All bolitoglossine sala-
manders with the exception of Oedipina have 14
trunk vertebrae, whereas Oedipina has from 18
to 23 (Wake, 1966; Brame, 1968). Members of
Oedipina typically are fossorial, and consequent-
ly they are rarely seen. They range from sea lev-
el (throughout their range) to elevations in ex-
cess of 2200 m in Costa Rica. The status and
phylogenetic relationships of many of the spe-
cies in the genus were clarified by Good and
Wake (1997) based on analysis of an extensive
allozyme dataset. Their analysis resulted in a
general phylogenetic hypothesis for relation-
ships among the species of Oedipina (members

of the genus Nototriton were used as outgroups,
following the phylogenetic hypotheses of Wake
and Elias, 1983). Two major clades were found.
The first includes the species O. alleni and O.
parvipes, which corresponds to the short-bodied
and often white-headed species of the O. parvi-
pes group, for which the name Oedopinola
(which we treat here as a subgenus) is available
(Hilton, 1949). A second group includes the re-
maining species (subgenus Oedipina), all elon-
gated, black or brown attenuate forms compris-
ing the uniformis group of Brame (1968). The
electrophoretic evidence (large Nei genetic dis-
tances, ranging from 0.37 to 2.67 among spe-
cies) suggests that most species of Oedipina have
had a long independent evolutionary history.
Most of the species of Oedipina studied show a
large number of autapomorphic alleles.
Phylogenetic relationships within the super-
genus Bolitoglossa remain largely unresolved, but
Nototriton and Oedipina appear to be sister taxa
(Wake and Elias, 1983). Oedipina and Nototriton
share a strongly heteromorphic X/Y sex chro-
mosome system (Kezer et al., 1989; Sessions and
Kezer, 1991), also present in Thorius and Den-
drotriton (Sessions and Kezer, 1991), as well as
several osteological synapomorphies (Wake and
Elias, 1983). Nototriton includes diminutive, slen-
der animals which share with Oedipina the pres-
ence of a long tail that considerably exceeds
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their snout-vent length and some osteological
features (reviewed later in this paper). The spe-
cies of Nototriton typically inhabit hanging moss
mats, epiphytic bromeliads, or surface litter and
are distributed in two disjunct regions: (1) the
geologically ancient core region of nuclear Mid-
dle America along the mountains of the Oaxa-
can-Chiapan-Guatemalan-Honduran corridor;
and (2) the Cordillera Central and northern
Talamancan region of Costa Rica. Good and
Wake (1993) revised the Costa Rican species of
the genus. The genus has been suspected to be
paraphyletic (following Wake and Elias, 1983),
and relationships among the picadoi, richardi,
nasalis and adelos species groups (Papenfuss and
Wake, 1987) remain unresolved. Nei’s genetic
distances among Costa Rican species range be-
tween 0.14 and 1.18, and phylogenetic analysis
of the allozyme data supports recognition of a
picadoi group (with four species) and a richardi
group (with two species) for the Costa Rican
segment of the genus (Good and Wake, 1993).
All Honduran, Guatemalan, and Chiapan spe-
cies (only four were known to Papenfuss and
Wake, 1987) were included in the nasalis group.

In this paper, we generate new phylogenetic
hypotheses for Nototriton and Oedipina based on
partial DNA sequences from two mitochondrial
genes, the cytochrome b (cyt b) encoding gene
and 16S rDNA. We examine the data for the two
genes separately and analyze congruence
among hypotheses generated from the two mi-
tochodrial datasets. A combined mitochondrial
hypothesis is used to test previous allozyme and
morphological hypotheses. We show that Noto-
triton as presently constituted is paraphyletic,
and we place some northern species of the cur-
rent genus in a new genus. Phylogenetic analysis
reveals several new candidate populations for
species status, and three species are described
as new.

MATERIALS AND METHODS

Isolation, amplification, and sequencing of DNA.—
A total of 78 specimens representing most of
the known geographic range of Oedipina and
Nototriton were included in the DNA study.
These represent 17 taxa (two described herein)
of Oedipina and 12 taxa (one described herein)
of Nototriton. Many of these were used in the
allozymic studies of Good and Wake (1993,
1997). We have determined that the taxon iden-
tified as O. ignea by Good and Wake (1997) is
more appropriately assigned to O. stenopodia.
Localities of origin, museum collection num-
bers and GenBank accession numbers are given
in Appendix 1. Genomic DNA was extracted

from small amounts of frozen tissue or protein
extracts using NaCl following a protocol modi-
fied from Miller et al. (1988).

Sequences of the first portion (385 base
pairs) of the cyt b gene and of the large (16S)
ribosomal subunit gene (rDNA) were obtained.
Those regions of mtDNA were selected to re-
cover a maximum of phylogenetic information
at all phylogenetic depths. We expect that cyt b
evolves more rapidly than 16S; thus, it is ex-
pected to be more useful in determining rela-
tionships of terminal taxa, whereas 16S should
be more useful for resolving basal relationships
(Mindell and Honeycutt, 1990; Hillis and Dix-
on, 1991; Tan and Wake, 1995).

Fragments extending from the third position
of codon 7 through codon 135 of the Xenopus
cyt bgene (Roe et al., 1985), and approximately
520 bp of the 16S rDNA gene corresponding to
positions 2510-3059 in the human mitochon-
drial genome (Anderson et al., 1981), were am-
plified via the polymerase chain reaction (PCR;
Saiki et al., 1988) using the primers cyt 52 (Ko-
cher et al.,, 1989) and MVZ15 (Moritz et al.,
1992) for cyt b, and 16Sar-L. and 16Sbr-H (Pal-
umbi et al., 1991) for 16S. PCR reactions con-
sisted of 38 cycles with a denaturing tempera-
ture of 92 C (1 min), annealing at 48-50 C (1
min) and extension at 72 C (1 min) in a Techne
PHC-1 thermocycler. PCR reactions were run in
a total volume of 25 pl, using 0.6 units of Tag
polymerase (Cetus) in tubes containing 0.5
pmol of each primer, 0.75 mM dNTPs, and 1.5
mM MgCl, in a pH 8.4 buffer with 50 mM KCL
and 10 mM Tris HCl (final concentrations).
Both heavy and light primers were used for PCR
amplifications and sequencing.

Double-stranded templates were cleaned us-
ing MicroSpin S-300 HR columns (Pharmacia
Biotech). Four pl of double-strand product
were used as the template for cycle sequencing
reactions in 10 pl total volume with the Perkin
Elmer Ready Reaction Kit™ to incorporate dye-
labeled dideoxy terminators. Thermal cycling
was performed using standard conditions. Cycle
sequencing products were purified using etha-
nol precipitation and separated by electropho-
resis on a 6% polyacrylamide gel using an ABI
377 DNA sequencer (Applied Biosystems).

Sequence alignment and phylogenetic analysis.—Par-
tial sequences of cyt b were read from both
strands and aligned to each other by eye in the
program Sequence Navigator® (vers. 1.0.1, Ap-
plied Biosystems). The resulting partial 16S se-
quences were checked and aligned using CLUS-
TAL in the program Sequence Navigator™
(vers. 1.0.1, Applied Biosystems). Computer-
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generated alignments were refined by eye and
by comparing them to published secondary
structure models for 16S (Guttel and Fox, 1988;
Guttel et al., 1993; Orti et al., 1996; Orti and
Meyer, 1997). Sequence divergences were esti-
mated using the Kimura 2-parameter (K2p) dis-
tance (Kimura, 1980; determined using PAUP
4.0bla, D. Swofford, Smithsonian Institution) to
correct for multiple hits. Corrected sequence
divergence within and among taxa is shown in
Appendices 2-6.

All phylogenetic analyses were run using a
test version of PAUP 4.0bla. Phylogenetic hy-
potheses were generated by maximum parsi-
mony (MP), using the heuristic algorithm. Heu-
ristic searches were done by stepwise random
addition of taxa, with 10 replications and TBR
branch swapping with the MULPARS option in
effect and by collapsing zero-length branches.
The minimum number of character changes
supporting each branch, consistency index (CI,
Kluge and Farris, 1969), and the retention in-
dex (RI, Farris, 1989) were calculated. Trans-
version (TV) to transition (TS) weights 1, 3, and
10 were used for the analysis to determine
whether resolution was thereby increased, es-
pecially at the base of the tree (Moritz et al.,
1992), and to examine the potential effects of
homoplasy at more rapidly evolving sites. We
performed 100 bootstrap (bs) replicates to doc-
ument support for individual nodes (Felsen-
stein, 1985). Two schemes were applied to use
the 16S positions affected by gaps: (1) gaps were
treated as missing data; and (2) each INDEL
was treated as a character, independent of its
size, thus adding 19 characters (9 parsimony-in-
formative) to the dataset, with each gap treated
as a single evolutionary event (present or ab-
sent). We also generated neighbor-joining (NJ;
Saitou and Nei, 1987) trees based on K2p dis-
tances, using 1000 bootstrap replicates. Maxi-
mum likelihood (ML) was used, with the heu-
ristic algorithm, and the Hasegawa-Kishino-
Yano model (Hasegawa et al., 1985). ML set-
tings used base frequencies, proportion of sites
assumed to be variable, the gamma distribution
shape parameter, and transition:transversion ra-
tio as estimated via maximum likelihood. Con-
sistency among topologies was examined with
the COMPARE TREES option in MacClade.

A phylogenetic hypothesis for the combined
dataset (cyt b and 16S) was inferred using max-
imum parsimony (MP). In all heuristic searches
gaps were treated as missing data, 10 random-
taxon-addition replicates were conducted, and
tree bisection and reconnection (TBR) was the
branch-swapping algorithm used.

For all phylogenetic analyses representatives

of two tropical bolitoglossine genera, Bolitoglossa
cerroensis and Dendrotriton rabbi, were used as se-
quential outgroups. All analyses were rooted us-
ing a nearctic bolitoglossine species Batrachoseps
gabrieli.

Morphology and taxonomy.—Morphological com-
parisons involved measurements of preserved
specimens with dial calipers. All measurements
are in mm. Standard length (SL) is the distance
from the tip of the snout to the posterior mar-
gin of the vent. Tooth counts are presented in
this order: left-right. Institutional abbreviations
are as listed in Leviton et al. (1985).

Criteria for recognizing species based on phy-
logenetic analyses of molecular data are those
outlined by Good and Wake (1993), following
Frost and Hillis (1990). We name as new species
units that give evidence of evolutionary inde-
pendence from other units. When molecular
data suggest phylogenetic independence (sub-
stantially more variation between samples than
within accepted species), we also investigate
morphology. When molecular and morpholog-
ical features both give evidence of divergence,
we recognize the units as species, but in the ab-
sence of morphological evidence, we are reluc-
tant to name new taxa on the basis of mito-
chondrial sequence data alone.

RESULTS

Sequence fragments of 385 bp and approxi-
mately 520 bp were obtained for cyt b and 16S
genes, respectively. For the 16S dataset, the
alignment of the ingroup required application
of six to 10 gaps per sequence. Insertion/dele-
tion (indel) events affected between 0.6% and
1.9% of the aligned sequence length, for a max-
imum of 22 positions. Most indels were 1 bp in
length, and maximum indel length was 8 bp;
nine indels were unique to samples or species.
The aligned sequences (NEXUS files) are avail-
able from the authors upon request.

Corrected sequence divergence (K2p) among
taxa for cyt b and 16S fragments (Appendices
2-6) is great in both genera, ranging as high as
22.5% (cyt b) and 10.8% (16S) within Oedipina,
and 30.7% (cyt b) and 17.9% (16S) within No-
totriton (sensu lato). Substantial divergence is
found even within certain taxa currently rec-
ognized as single species (e.g., O. poelzi, as much
as 13.7% for cyt b and 4% for 16s).

We analyzed the data separately and com-
bined. We conducted NJ, MP, and ML analyses
and found them to be highly concordant. In
this section, we focus on the results of the MP
analysis. For Figures 1-4 results of bootstrap an-
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Fig. 1. Strict consensus of the four most-parsimo-
nious trees (688 steps, CI 0.47, RI 0.68) for 16S. There
are 167 parsimony informative characters. Transitions
are weighted equally with transversions. Gaps are
treated as missing data. Bootstrap values (above 50%)
for the MP analysis (based on 100 replicates, above
line) and for the NJ analysis (based on 1000 repli-
cates, below line) are shown. Broken lines indicate
alternative positions of Nototriton richardi and Oedipina
maritima in the NJ analysis; bold lines indicate alter-
native positions for N. richardi and the Oedipina gephyra
clade when transversions are weighted three times
transitions.

alyses (bs) in both MP and NJ trees are shown;
topologies are based on parsimony analysis ex-
cept where noted. For 16S, we weighted transi-
tions and transversions equally, and in our MP
analysis, we found two equally most-parsimoni-
ous trees (Fig. 1; CI=0.47, RI=0.68). For cyt b
(unweighted analysis), we found 124 equally
most-parsimonious trees (Fig. 2; CI = 0.31, RI
= 0.70). Analysis of the cyt b data using full
weighting (i.e., TV:TS = 3:1 and differential
weighting of 3:5:1 for the three nucleotide po-
sitions) found eight equally parsimonious trees
(not shown; bs values calculated; CI = 0.42, RI
= 0.79). The MP analysis of our combined data
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Fig. 2. Strict consensus of 124 most-parsimonious
trees (1066 steps, CI 0.31, RI 0.70) for cyt b, showing
all of the populations analyzed in this study. Bootstrap
values for the MP analysis (above 50% based on 100
replicates, above line) and for the NJ analysis (bs >
70% below line, based on 1000 replicates) are shown.

resulted in three equally parsimonious trees (bs
values and decay indices are shown in Fig. 3; CI
= 0.39, RI = 0.63; Fig. 4 is a NJ phylogram with
bs values indicated). The tree shown in Figure
3 is fully resolved except for one polytomy (the
three trees differ with respect to close relatives
in the N. picadoi group). The ML tree (not
shown, likelihood score 8589.98) is highly con-
cordant with the MP combined data tree in Fig-
ure 3 (differing only with respect to arrange-
ment of a few terminal taxa within clades).
Oedipina is well supported as a monophyletic
clade. In the NJ analysis, this clade has bs values
of 100% (16S) and 84% (cyt b), and 100% for
the combined analysis. The comparable values
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Fig. 3. Strict consensus of the three most-parsi-
monious trees (1622 steps, CI 0.39, RI 0.63) for com-
bined datasets for cyt b and 16S, showing all of the
populations for which both sets are available. There
are 333 parsimony informative characters. Transitions
are weighted equally with transversions. Decay index
values are shown below lines. The symbol > 7 is used
to indicate decay indices above 7 for a given branch.
Bootstrap values (above 50%) (based on 100 repli-
cates, above line) are shown.

for MP are 100% (16S) and 67% (cyt b) and
100% for the combined analysis (decay index
greater than 7). When transversions are weight-
ed three times transitions, and using differential
weighting for the three positions (3:5:1) for cyt
b, the bs value rises to 73%. The subgenus Oed-
ipina is well supported, with NJ bs values of 90%
(16S), 76% (cyt b), and 100% for the combined
analysis; comparable MP bs values are 69%
(16S), less than 50% for unweighted, and 52%
for fully weighted (as above; cyt 4), with a bs of
77% for the combined equally weighted analysis
(decay index 3). There is also support for the
monophyly of the subgenus Oedopinola, with NJ
bs values of 53% (16S) and 64% (cyt b), with
78% for the combined analysis; comparable MP
bs values are 60% (16S) and 56% (for cyt b un-
weighted; less than 50% for fully weighted),
with a bs value of 65% for the combined anal-
ysis.

Within Oedipina (Oedipina) there is a well-de-
fined wuniformis group (maximum K2p = 0.113
for cyt b; 0.044 for 16S), including the taxa uni-
Sformis, gracilis, and pacificensis (N] bs of 76% for
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Fig. 4. Neighbor-joining tree showing branch
lengths for combined datasets for cyt b and 16S, based
on all of the populations for which both sets are avail-
able. Bootstrap values (above 70%) based on 1000
replicates are shown.

16s and 97% for cyt b, 100% for combined anal-
ysis; MP bs of 52% for 16S; bs of 93% for un-
weighted and 95% for fully weighted analysis of
cyt b, with 95% for combined analysis, with a
decay index greater than 7). Within this com-
plex, there is good support (N]J 96% bs 16s, 97%
bs cyt b, 100% combined; MP unweighted 86%
bs 168, 87% bs cyt b, 94% combined with a de-
cay index of 5) for a clade of pacificensis and
uniformis. There is no support (bs < 50%) for
a clade comprising the 10 samples of uniformis
for our cyt b dataset (maximum K2p = 0.046),
and there is no support for pacificensis as a clade
in this dataset (maximum K2p = 0.040). The
taxa grandis and poelzi form a clade (N]J 88% bs;
MP 88%) with our 16S dataset, and although
this clade always appears in analyses of the cyt
b dataset, it is not well supported. In the com-
bined analysis, there is good support for the
clade (82% bs, decay index 3). Within this
clade, there is weak support for poelzi as a mono-
phyletic group based on cyt b (the Monteverde
sample, 57, is basal in the larger clade), and
there is support for monophyly of poelzi in the
16s data (NJ 76% bs; MP 74%); however, the
combined analysis either gives support for
monophyly (NJ 90% bs; MP 51%), or makes
poelzi paraphyletic with respect to grandis (MP).
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There is relatively great divergence within poelz,
with a K2p value of 0.093 for cyt b and 0.040 for
16S between samples from Moravia de Chirripo
and various populations in the Cordillera Cen-
tral. There is also support for a clade including
pseudouniformis and cyclocauda (Costa Rican pop-
ulation only; NJ 99% bs for 16S, 100% for cyt b,
100% combined; MP 94% bs for 16S, 99% for
cyt b, and 100% combined with a decay index
greater than 7). The Honduran sample previ-
ously assigned to cyclocauda (species C in this
paper) is not associated with the Costa Rican
populations assigned to that taxon, based only
on our study of cyt b sequences (K2p distance
is 0.165), nor is it significantly associated with
any other taxa. There is no support for any bas-
al phylogenetic resolution in O. (Oedipina).

There is little basal resolution within O. (Oed-
opinola), and divergences are relatively great.
The recently described Honduran taxon O. ge-
phyra (McCranie et al., 1993) is included in a
weakly supported clade with the northern spe-
cies elongata within O. (Oedopinola; NJ 52% bs
16S, 55% bs cyt b, 80% bs combined; MP less
than 50% bs 168, cyt b). Populations associated
with alleni cluster together (NJ 100%, MP 99%
for 16S; NJ 94% bs, MP 68% for cyt b; NJ 100%,
MP 98% combined, decay index 8). The various
samples associated with complex and parvipes
form a monophyletic group (NJ 94% bs for 168,
97% bs for cyt b, 100% combined; MP 84% bs
for 16S, 95% for cyt b, 98% combined with a
decay index greater than 7). There is only weak
support (NJ bs 52% cyt b) for a cluster of the
alleni clade with complex and parvipes. There is a
cluster of gephyra and elongata in both datasets
but with relatively weak bootstrap support.

There are two distinctive clades representing
the taxa currently assigned to Nototriton. The
first of these, to which the name Nototriton ap-
plies, includes all of the Costa Rican taxa, as well
as three Honduran (barbouri, lignicola, limnospec-
tator) and one Guatemalan (brodiei) taxa (NJ
100% bs for 16S, 99% for cyt b, and 100% com-
bined; MP 99% bs for 16S, 96% for cyt b, and
100% combined with a decay index greater
than 7). The second clade, which is named later
in this paper, includes Mexican (alvarezdeltoror),
Guatemalan (veraepacis and species A) and Hon-
duran (nasalis) taxa and is also well supported
(NJ 100% bs for 16S, 100% bs for cyt b, 100%
combined; MP 100% for 16S, 97% for cyt b,
100% combined with a decay index greater
than 7).

Within Nototriton (sensu stricto), a northern
clade includes the Honduran and Guatemalan
samples (NJ 91% bs 16s, 57% bs cyt b, 88% com-
bined; MP 87% 16S, 68% cyt b, 9% combined,

decay index 6). A group of Costa Rican species
forms a second clade (NJ 99% bs 16S, 100% bs
cyt b, 100% combined; MP 90% bs 16S, 99% bs
cyt b, 100% bs combined with a decay index
greater than 7). The position of the Costa Rican
samples of N. richardi is variable, being alterna-
tively basal to either clade. For the MP analysis
of 168, it is basal to the northern clade, but if
transversions are weighted three times transi-
tions, it is basal to the Costa Rican clade. This
arrangement is also found in all neighbor-join-
ing analyses (NJ 88% bs 16S, 58% bs cyt b, 86%
combined). There is also support for this ar-
rangement in the bootstrap analysis of MP trees
(60% bs 168, 61% bs cyt b, 67% bs combined).

The as yet unnamed northern clade of Noto-
{riton is alternatively a sister taxon of Dendrotriton
(NJ 70% bs cyt b; 72% for combined data) or a
sister taxon of the Nototriton (sensu stricto)-Oed-
ipina clade (MP 57% bs 16S); in general this
clade appears near the base of the ingroup in
all trees. Within this clade, the two Guatemalan
species are sister taxa (NJ 100% bs for 168S, 81%
bs cyt b, 100% bs combined; MP 97% bs 168,
62% bs cyt b, 99% bs combined). In no instance,
in any of our analyses, are the two main clades
of Nototriton (sensu lato) sister taxa.

Dendrotriton is the sister taxon of the entire
assemblage (Oedipina + Nototriton sensu lato)
considered here in the MP analysis of the 16S
data and the combined data, but there is a po-
lytomy of Dendrotriton, the newly recognized
clade within Nototriton, Bolitoglossa, and the Oed-
ipina-Nototriton (sensu stricto) clade in our MP
analysis of the cyt b data. In fully weighted anal-
yses of the cyt b data, the newly recognized clade
is basal to a clade (bs 65%) of Oedipina-Nototriton
(sensu stricto) and Dendrotriton-Bolitoglossa (bs
81% for this sister-group relationship). At this
phylogenetic depth, the 16S data are expected
to have the greater value. In the ML tree, Den-
drotriton is the sister taxon of the new genus. All
analyses (MP, ML, NJ) support a sister taxon re-
lationship between Oedipina and Nototriton (sen-
su stricto; MP 81% bs 168, 55% bs cyt b, 91% bs
combined, decay index 6).

DIscUSSION

Data analyses—A high level of congruence ex-
ists between the results obtained from analysis
of the cyt b and 16S datasets. Accordingly, we
believe that the closest approximation to the
phylogeny of the samples studied is likely to
come from analysis of the combined dataset.
‘When the two datasets are combined, almost all
of the bootstrap values in either the NJ or MP
analysis increase. At the level of the major
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clades, our results appear to be relatively robust.
There is support for a monophyletic Oedipina, a
monophyletic Nototriton (sensu stricto), a mono-
phyletic clade named later in this paper, and for
a clade including Oedipina and Nototriton (sensu
stricto). The unnamed clade is not a member
of this latter clade, but it is a close, basal rela-
tive, possibly the sister taxon.

Analysis of the combined data by MP resulted
in only three most-parsimonious trees, and
there was almost complete resolution with
mainly high bootstrap values (Fig. 3). The taxa
responsible for the alternative trees were close
relatives in the picadoi clade of Nototriton. The
taxonomic position of the population from
Monteverde, Costa Rica (sample 16), is some-
what ambiguous (e.g., Good and Wake, 1993),
and our data add support to its distinctiveness
and status as an unnamed species. Previous hy-
potheses of relationships among the three
clades of Oedipina envisioned the Guatemalan
population previously called O. ignea (now O.
stenopodia) as being a sister taxon of one or the
other of these clades, but our analysis places it
clearly outside of this cluster.

Phylogenetic relationships and species recognition.—
The molecular phylogenetic hypothesis for Oed-
ipina of Good and Wake (1997) is mostly con-
gruent with Brame’s (1968) morphological hy-
pothesis. However, Brame placed all species of
Oedipina in only two groups, a uniformis group
(equivalent to our subgenus Oedipina) and a
parvipes group (equivalent to our subgenus Oed-
opinola), whereas Good and Wake recognized
three clades (cyclocauda, poelzi, and uniformis)
within Brame’s uniformis group. Good and Wake
(1997) found two most parsimonious trees. (Be-
cause of a printing error only one tree appears
in the published article. A correction was pub-
lished in Revista de Biologia Tropical 45, number
4). We were unable to obtain DNA from all taxa
sampled by them, but we investigated several
species unavailable to them. It is not possible to
do a combined analysis of the allozyme and
DNA data that would be meaningful. However,
certain comparisons are appropriate. Both da-
tasets identify a basal dichotomy between the
subgenera. Within the subgenus Oedipina, O. cy-
clocauda, and O. pseudouniformis are sister taxa
in both analyses and form a well-supported
clade. There is a well-supported clade that in-
cludes a restricted uniformis group (O. gracilis,
O. pacificensis, O. uniformis). Both analyses rec-
ognized a poelzi group and also recognized a
northern (identified as O. ignea by Good and
Wake, and as O. stenopodia and species B in this
paper) unit. However, basal relationships of

these four clades, each well supported individ-
ually, are uncertain, and there is no support for
any particular arrangement.

Our analysis is relevant to issues of species
recognition and species level taxonomy. Good
and Wake (1997) argued that allozymic data
were insufficient to determine whether popu-
lations from Honduras (74) and Costa Rica (39,
40) identified as O. ¢yclocauda were conspecific.
Our analysis shows that they are not sister taxa
with respect to mtDNA, and given the large ge-
netic distance separating them, the Honduras
population warrants description as a new taxon;
we lack adequate material for such a descrip-
tion. A population from Moravia de Chirrip6,
Costa Rica (57), assigned by Good and Wake
(1997) to O. poelzi, is well differentiated from
other members of that taxon both in allozymes
and mtDNA. It is usually basal to other popu-
lations of O. poelzi in phylogenetic analyses, but
it is basal to a larger clade including also O.
grandis in some analyses (e.g., cyt b). It probably
warrants recognition as a distinct taxon, but at
present, we lack adequate material to prepare a
description. A population from Honduras (73)
that clusters with O. stenopodia might be assign-
able to O. ignea or it may represent a distinct,
undescribed taxon. Our analysis also supports
the decision of Good and Wake (1997) to sub-
divide Brame’s (1968) O. uniformis into three
taxa (O. uniformis, O. gracilis, O. pacificensis).
There is no support for a sister-taxon relation-
ship of the Damas sample (50) of O. pacificensis
and the other O. pacificensis samples in the cyt
b data. The K2p distances are small within the
clade.

Populations (30-38, 47) form a clade that is
deeply divergent internally. Authors have vari-
ously identified these populations as O. alleni,
O. complex, and O. parvipes. Within this clade,
populations 30-34 stand apart, but even this
group of five samples is deeply differentiated.
Two (30-32) of the three populations we have
studied were available for allozymic work, and
although samples were small, the populations
were very similar (Nei D approximately 0.02).
In contrast, we measured large distances for
both genes studied, and furthermore a third
population (33,34) is equally distinct. This third
population occurs at much higher elevation
than the others (near Las Cruces, southwestern
highlands of Costa Rica) and differs in colora-
tion (dorsal light stripe) and size (smaller, more
robust, with a short, rounded snout). It is the
basis for the inclusion of O. complex in the Costa
Rican fauna by Savage and Villa (1986), but it
is not assignable to that taxon. Below, we de-
scribe this population as a new species. The type
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locality of O. parvipes is in northwestern Colom-
bia, and we have no near topotypic materials for
the present study. Furthermore, the samples
that we have had from Panama that have been
assigned to this taxon are well differentiated
from each other. Sample sizes are generally too
small to permit appropriate morphological
comparisons, but the most divergent population
(47) from western Panama is both morpholog-
ically and genetically distinct from populations
in the central part of the country; we describe
it below as a new species. The remaining pop-
ulations (35, 36) of O. parvipes from Panama are
genetically differentiated from each other, and
we suspect that they are also differentiated from
topotypic material; further taxonomic revision
must await the collection of additional speci-
mens. Finally, O. complex appears to be appro-
priately named, because the two populations
that we have studied that are assigned to this
taxon (near topotypic material from central
Panama, sample 38, and a population from the
central Panamanian Cerro Campana, sample
37) are not sister taxa in any of our analyses.
These two populations are relatively close geo-
graphically, yet they differ by 11.1% in cyt b and
3.9% in 16S. More than one taxon probably
should be recognized, but we lack sufficient to-
potypic material to conduct an appropriate
morphological comparison at this time.

Within Nototriton there is good support in the
combined analysis for a monophyletic Costa Ri-
can picadoi group (100% bs with a decay index
of 9) and for a northern group (98% bs with a
decay index of 6), which we here identify as the
barbouri group. The Costa Rican richardi group
clusters (57% bs with a decay index of 1) with
the picadoi group. This is in accord with the
findings of Good and Wake (1993) for the Costa
Rican species. Within the picadoi group, a pop-
ulation (16) previously assigned to N. abscondens
from the Monteverde region displays problem-
atic relationships. Given its distinctive morphol-
ogy and allozyme profile (Good and Wake,
1993), it merits description as a distinct species
(see below). Within the barbouri group our re-
sults support recognition of the recently de-
scribed N. brodiei (Campbell and Smith, 1998),
N. lignicola (McCranie and Wilson, 1997b), and
N. limnospectator (McCranie et al., 1998). We
note that one of the samples of N. barbouri (19)
differs substantially from the other two samples
(17, 18) in the cyt b tree (Fig. 1) and may rep-
resent an unrecognized taxon.

Several morphological and reproductive syn-
apomorphies support a clade containing Oedi-
pina, Nototriton, and the new genus: the ulnare
and intermedium are fused in the carpus; distal

tarsals four and five are fused; there is no oper-
cular stilus; and all species examined have X-Y
sex chromosomes (Sessions and Kezer, 1991;
Lynch and Wake, 1978; Wake and Elias, 1983).
Species of Nototriton lay eggs in moss clumps in
trees, but instead of guarding the eggs, a uni-
versal trait of non-bolitoglossine plethodontids
and widely present in bolitoglossines, females
abandon the eggs (Good and Wake, 1993;
McCranie and Wilson, 1992). An undescribed
species belonging to the new genus named in
this paper and a new species of Oedipina from
Panama (see below) also lay unguarded eggs.
Thus, the three genera treated in this paper dis-
play a unique synapomorphy because they are
the only members of the supergenus Bolitoglossa
that are known to abandon their eggs (we have
no information for some putative relatives such
as Dendrotriton and Bradytriton). Synapomorphies
unique to Oedipina among these taxa include
increased numbers of trunk vertebrae, presence
of a spur on the squamosal bone, loss of the
prefrontal bone, loss of the tibial spur, and pres-
ence of mental gland clusters in a small patch
at the mandibular symphysis (Wake, 1966; Wake
and Elias, 1983). We know of no synapomor-
phies unique to Nototriton among these taxa, but
species belonging to the genus as herein revised
differ from those belonging to the new genus
in cranial structure. The prefrontal is relatively
large in the new genus and is pierced by the
nasolacrimal duct, whereas it is relatively small
or absent in Nototriton, and the nasolacrimal
duct passes between the prefrontal and the na-
sal (partly pierces the prefrontal in some indi-
viduals of some species); the nasal is large in
Nototriton but relatively to very small in the new
genus; there is a distinct, tooth-bearing preor-
bital process on the vomer of Nototriton (and
Oedipina), whereas this process is lacking in the
new genus (McCranie et al., 1998; Good and
Wake, 1993; Lynch and Wake, 1978). In all of
these characters, the states in Nototriton are an-
cestral, whereas the states in the new genus con-
stitute synapomorphies. Within Nototriton, oste-
ological differences have been noted among
taxa, and the picadoi and barbouri groups appear
to be distinct from each other osteologically,
whereas richardi is poorly known and appears to
have unique osteology (McCranie et al., 1998;
Good and Wake, 1993).

SYSTEMATICS

Phylogenetic analysis and taxonomy.——We believe
that taxonomy should reflect robust phyloge-
netic analysis within the severe constraints of
the Linnean system. We have identified three
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large clades that are well supported by sequence
data. Two of these clades, Nototriton and the
clade named later in this paper, are generally
similar in overall morphology and ecology,
whereas Oedipina differs dramatically from the
other two in morphology and ecology. The spe-
cies of Oedipina have long trunks and extraor-
dinarily long tails, and most (perhaps all) are
semifossorial in habits. In our analyses, these
three clades usually form a monophyletic
group, but not always, and monophyly is not
well supported. For these reasons, we decline to
place the three in a single genus, for which the
name Oedipina would have priority. Because
there is no support in our data for monophyly
of Nototriton and the remaining clade, we believe
that the most logical and useful taxonomy is to
place the latter clade in a new genus.

The use of subgenera for clades that are mor-
phologically similar but differ in molecular
characters was advocated by Jackman et al.
(1997) for Hydromantes and Batrachoseps. In both
cases, the genera are distinguished from others
by numerous synapomorphies, whereas the sub-
genera are only weakly supported by morpho-
logical synapomorphies but well supported in
phylogenetic analyses of molecular data. This is
also true of the two major clades we have iden-
tified within Oedipina, and accordingly we here
treat these as subgenera.

DESCRIPTION OF A NEW SPECIES OF OEDIPINA
FROM PANAMA

Oedipina maritima n. sp.
Maritime Worm Salamander

Holotype—USNM 529981, an adult female from
Escudo Camp, West Point, Isla Escudo de Vera-
guas, Prov. Bocas del Toro, Panama, approximate
9°6.1'N, 81°4.5'W, collected 28 March 1991, by R.
I. Crombie.

Paratypes—USNM 529982-529985; USNM Field
number 195536 (to be deposited in a collection
in Panama), MVZ 219997, same data as holo-
type; KU 116681, E end Isla Escudo de Vera-
guas, Prov. Bocas del Toro, Panama, 4 m. elev.

Referred material—USNM 313607 (two clutches
of eggs), same data as holotype.

Diagnosis—A small (maximum size 46.2 SL),
relatively slender member of Oedipina (subge-
nus Oedopinola) with a narrow head and a long
snout. Distinguished from Oedipina alleni by its
narrower hands and feet, more elongate digits
and darker coloration; from Oedipina parvipes by

its dark ventral coloration; from Oedipina savagei
by having a narrower and more pointed head,
and fewer maxillary teeth; from Oedipina complex
by its narrower head, pointed and elongate
snout (rather than short and rounded), small,
laterally oriented eyes, fewer maxillary teeth,
and narrower feet with pointed digits; from Oed-
ipina carablanca by its much smaller size and less
robust habitus, small, laterally oriented eyes,
narrow and pointed head, narrow hands and
feet, and pointed digits. The first four of the
above species are distinguished from O. mariti-
ma by extensive sequence differences in the mi-
tochondrial genes 16S rDNA and cytochrome b.

Description.—This is a relatively small, slender
species; adult SL for four males is 39.7-46.2, x
43.3; for three females 34.6-44.3, x 39.7. The
head is small, narrow, cylindrical and generally
pointed, with an elongated, blunt-tipped snout;
SL averages 10.3 times head width in 4 males
(range 9.7-11.3) and 9.8 in 3 females (9.4-
10.3). SL is 6.5 times head length in both males
(6.2-7.1) and females (5.1-7.2). Nostrils are tiny
and barely discernable. Nasolabial protuberanc-
es are inconspicuous in females but slightly en-
larged in males, where they extend slightly as
somewhat swollen light-tipped extensions over
the underslung lower jaw. Snouts are more
pointed in females than in males as a conse-
quence. Eyes are small and inconspicuous, bare-
ly extending beyond the lateral margins of the
head; they are directed mainly laterally, rather
than frontally as is the situation in most bolito-
glossines. The suborbital groove does not inter-
sect the lip. There are 1-2 slightly enlarged pre-
maxillary teeth in males, located in a far for-
ward position outside the mouth, lying just in
front of the small, ill-defined mental gland that
lies at the extreme anterior margin of the lower
jaw; the 1-2 premaxillary teeth in females are
tiny and located well within the mouth. Maxil-
lary teeth, when present, are tiny and incon-
spicuous; they range in number from 0 (3
males)—8 (x 2.0) in four males, and from 2-8 (x
5.3) in three females. Vomerine teeth average
15.5 (13-18) in four males and 17.3 (15-20) in
three females; the very small teeth are borne in
a long row. There are 17 costal grooves between
the limbs, counting one each in the axilla and
the groin (18 trunk vertebrae). Limbs are rela-
tively short; limb interval averages 8.1 in four
males (7.5-8.5) and 8.0 in three females (7.5—
9). Hands and feet are tiny, narrow and elon-
gate. The digits are syndactylous, although the
tips of the longest central digits are free. The
free tips are slender and sharply pointed, and
the points are often curved toward the midline
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Fig. 5. Outlines of the shape of the right foot for
representative samples of six species of Oedipina (Oed-
opinola), drawn with camera lucida. (A) O. savagei,
LACM 109558 (39.3 SL), holotype; (B) O. alleni MVZ
190857 (52.4 SL), near Damas, Prov. Puntarenas, Cos-
ta Rica; (C) O. maritima USNM 529981 (44.3 SL), ho-
lotype; (D) O. parvipes LACM 134872 (53.9 SL), Barro
Colorado Island, Panama; (E) O. complex MVZ-DBW
5787 (37.2 SL), Cerro Campana, Panamd; (F) O. com-
plex MVZ-DBW 5105 (35.0 SL), Peninsula Bohio, Prov.
Colon, Panama.

axis of the limb (Fig. 5). Fingers, in order of
decreasing length, are 3-2-4-1; toes are 3-4-2-5-1.
The tail is round, narrow in cross-section and
relatively long, tapering along the last third of
its length. Tails of most individuals may be at
least partly regenerated, but all of them greatly
exceed SL; SL averages 0.59 times tail length in
4 males (0.53-0.68) and 0.57 in 2 females (0.53—
0.62).

Measurements of holotype.—Head width 4.3; snout
to gular fold (head length) 6.2; head depth at
posterior angle of jaw 2.3; eyelid width 0.6, eye-
lid length 1.8; eye to nostril 1.6; anterior rim of
orbit to snout 1.9; horizontal orbit diameter 0.9;
interorbital distance 2.3; distance separating
eyelids 1.3; nostril diameter 0.1; snout projec-
tion beyond mandible 0.8; distance from eye to
postorbital groove 2.2; snout to posterior angle
of vent (standard length) 44.3; snout to anterior
angle of vent 39.4; snout to forelimb 10.0; axilla
to groin 27.6; limb interval 9; shoulder width
3.2; tail length 71.9; tail width at base 3.3; tail
depth at base 3.3; forelimb length (to tip of lon-
gest digit) 5.7; hind-limb length 7.0; hand width

1.1; foot width 1.8; free length of longest toe
0.6. Numbers of teeth: premaxillary 2; maxillary
0-2; vomerine 9-11.

Coloration of the holotype in alcohol—Dorsal color
dark brown, almost chocolate on the sides, ligh-
ter along an indistinct dorsal band. Dorsal and
lateral coloration is separated on the first quar-
ter of the body by an almost indistinct light col-
ored broken line, more apparent and broader
on the posterior edges of the head. A whitish
band extends from the upper jaw to the inter-
ocular region, covering the area between the
nostrils and the eyes. The posterior edge of this
light band is not well defined and dorsal dark
coloration penetrates into it. The dorsal color-
ation becomes lighter posteriorly, and along the
dorsal portions of the anterior half of the tail.
This light coloration does not uniformly cover
the dorsal surface of the tail. Dorsal sides of the
limbs show the same dorsal color with a light
patch at the base of the limbs, close to its inser-
tion to the trunk. Tips of digits are unpigment-
ed; hands and feet are lightly colored with dark-
er pigment in the area between the digits. Ven-
tral coloration is lighter than dorsal, with all the
ventral regions from throat to vent and tail cov-
ered with dense melanophores, giving a grayish-
brown appearance. The throat and undersur-
face of the limbs are lighter; hands and feet are
almost unpigmented ventrally. Small white dots
are spread along the flanks and the tail at low
density, less concentrated (scattered) on the lat-
eral sides of the venter.

Color variability.—Dorsal coloration is lighter in
juvenile and submature (KU 116681) speci-
mens, markedly contrasted with the dark flank
coloration. They show a marked dark midver-
tebral line running from the posterior edge of
the head to the tail origin where it fades away.
Tail dorsal color in juveniles is very light, but it
is not sharply separated by a defined line as it
is on the body. Some adult specimens (e.g.,
USNM 529983) show a more contrasted light
tail pattern, always less developed than in juve-
niles. The extent and definition of the anterior
light lateral band varies from well marked and
broad at the “parotoid” level, to almost com-
pletely absent (USNM 195536), as does the dor-
sal light band. White dots along the flanks are
denser in some specimens; these specimens also
have a few pale dots extending to the venter.
Hatchlings display a bold pattern of very dark
flanks and side of the head and tail with a broad
light yellowish dorsal band, extending from the
snout to the tail tip. The venter is pale yellow.
The main light areas show an obscure suffusion
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of melanic pigmentation especially evident in
the middorsal portion of the trunk and near the
tail tip.

Color notes were recorded in life for USNM
529985 by R. I. Crombie, as follows: dorsally me-
dium brown with black mottling and silver
flecks. A narrow black lateral area, less pro-
nounced on tail, bordered ventrally with an
area of intense silver freckling (less concentrat-
ed on lateral tail). Belly pale, unmarked gray
but with some silvery flecking on throat. An in-
distinct chestnut postocular stripe and indistinct
dull chestnut on snout. Iris dark. Crombie re-
corded the following color notes for USNM
195321: dorsally medium brown with black mot-
tling and silver flecks. Belly pale, unmarked gray
but with some silver flecking on throat.

Osteology.—Some information on osteology has
been derived from radiographs of the holotype
and five paratypes. All specimens have 18 trunk
vertebrae, and small ribs are borne on all in the
largest specimen and all but the last in others.
Numbers of caudal vertebrae in individuals with
apparently unregenerated tails range from 52 to
57 (the last in the largest individual). Skulls are
relatively well articulated but little detail is evi-
dent. The snout is generally well developed and
protuberant, and the nasals are curved with a
medial portion that approaches an upward-
growing portion of the vomer. There is no fon-
tanelle between the frontals and parietals, and
the frontals have a large facial portion. Digits
are generally poorly ossified. The most com-
plete phalangeal formula is 0-1-2-2 (in one ma-
nus of the holotype) and 1-2-3-2-2 (in the largest
individual). However, the modal formulae are
0-1-2-1 and 1-2-2-2-1. Tibial spurs are not evi-
dent.

Habitat and reproduction.—Salamanders on Isla
Escudo de Veraguas were collected in decaying
fronds and associated moist litter near a fallen
palm in a coconut palm grove in late March,
1991. The eggs were found inside a pile of co-
conut trash at the base of a tree (Terminalia) on
the beach at Guayami Settlement, SE part of is-
land, less than 5 m from the ocean. The eggs
belonged to two clutches, each containing six
embryos; there is one rotted egg that may be-
long to either clutch. One clutch includes to-
tally unpigmented embryos that are well
formed and have well-formed limbs, but the
limbs, although moderately long, have no digits
or digital rudiments. The other clutch includes
near full-term embryos that are well pigmented
(see Color variability, above). These embryos
began hatching on the way back to camp from

the field. One newly hatched embryo is 11.8
mm in total length (8.7 SL) and retains gills.
The gills are three lobed, one relatively large
and palmate, a second smaller but palmate, and
one relatively large and slender and branched
at the base.

Ltymology.—The name maritima is derived from
maritimus (L), meaning of the sea, in reference
to the type locality of this species on a low-lying
island in the Caribbean Sea.

Comment.— Oedipina maritima does not resemble
O. alleni in morphology (it is more slender and
has a narrower and more pointed head, and it
generally lacks dorsal light coloration), and it is
very distinct in its DNA sequences. It differs
from O. parvipes from central Panama pro-
foundly in DNA sequences (4.8-4.9% for 168,
7.8-8.1% for cyt b), but appears to differ oth-
erwise only in coloration (we have no allozyme
data). However, we also note that evidence of
conspecificity of Panamanian and Colombian
populations of O. parvipes is weak, and A. H.
Brame Jr. and D. B. Wake have long planned to
undertake a detailed analysis of this question
once adequate material is available. According-
ly, we decided to describe what is clearly an in-
dependent taxon at this time and reserve a
complete analysis of Panamanian and South
American members of this genus to a later date.

This species is known only from Isla Escudo
de Veraguas. If it is restricted to this island, it is
the only tropical salamander that is endemic to
an island. At least three species of this genus
occur on the adjacent mainland, two of which
appear to be undescribed. KU 116682, a 17.5
SL juvenile from the mouth of Rio Cahuita,
Prov. Bocas del Toro, Panama, 1 m. elev., cannot
be classified with certainty but may be assign-
able to O. maritima.

DESCRIPTION OF A NEW SPECIES OF OEDIPINA
FROM COSTA RicAa

Oedipina savagei n. sp.
Savage’s Worm Salamander
Figure 6A

Holotype—ILACM 109558, an adult female from
Finca Las Cruces, 6 km S San Vito de Java, Prov.
Puntarenas, Costa Rica, 8°47'35"N, 82°57'30"W,
approximately 1200 m elev., collected 22 May
1971 by R. W. McDiarmid and associates.

Paratypes—ILACM 109556-557, LACM 145447—
145450 (four specimens), USNM 219122, same
locality as holotype, collected on different dates;
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Fig. 6.

(A) Oedipina savagei. LACM 145447, an adult male (35.7 mm SL) from Las Cruces, Prov. Puntarenas,

Costa Rica, collected in August 1971. Photograph by R. W. McDiarmid. (B) Oedipina alleni. MVZ 221317, an
adult female (46.4 mm SL) from 3.5 km SE Damas, Prov. Puntarenas, Costa Rica, elev. 3-5 m, collected 2

August 1992. Photograph by ]. Hendel.

MVZ 229360, UCR LDG 961327 (temporarily
DBW 5786), Paraguas Ridge (slopes of Cerro
Zapote), ca. 4 km W Agua Buena, Prov. Puntar-
enas, Costa Rica, approximately 8°45'N, 82°9'W,
approximately 1400 m elev.

Referred material —UCR 8210, Finca Cafrosa near
Las Mellizas, Prov. Puntarenas, Costa Rica, 1300
m elev.

Diagnosis—A small (maximum size 39.3 SL),
moderately robust member of Oedipina (subge-
nus Oedopinola) with a narrow head and a rela-
tively short, rounded snout. Distinguished from
Oedipina alleni by having more maxillary teeth
and a light dorsal stripe; from Oedipina maritima
by its more robust habitus, broader and more
rounded head, more maxillary teeth, more
prominent and more frontally oriented eyes,
and persistent light dorsal stripe; from Oedipina
parvipes by its broader head with a shorter, more
rounded snout, more maxillary teeth, and light
dorsal coloration; from Oedipina complex by its
less bluntly rounded snout; from Oedipina cara-
blanca by its much smaller size and less robust
habitus, and narrower hands and feet; and from

the first four of the above species by extensive
sequence differences in the mitochondrial
genes 16S rDNA and cytochrome b.

Description.—This is a relatively small, moderate-
ly robust species; adult standard length (SL) for
three males is 35.6-38.5 mm, x 36.8; for three
females 34.3-39.3, x 37.5. The head is moderate
in width, being broader in males. Males have
shorter, blunter snouts than females, in which
the snout is somewhat narrow and slightly point-
ed. SL averages 8.6 (range 8.3-8.8) times head
width in four males, and 8.7 (8.4-9.0) in three
females; SL averages 6.0 (5.6-6.4) times head
length in four males, and 6.6 in three females
(6.0-7.2). Nostrils are evident and moderately
large for the genus. Nasolabial protuberances
are prominent in both sexes but especially in
males, in which they are swollen, knoblike struc-
tures that extend below the somewhat under-
slung lower jaw. Eyes are of moderate size and
stand out from the head, extending laterally be-
yond the limits of the head. They have a mod-
erate to strongly frontal orientation. The sub-
orbital groove does not intersect the lip. The
very small premaxillary teeth (3-4 in number)
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lie well within the mouth in both sexes, except
for USNM 219122, in which there is a single
small tooth lying outside of the mouth. This is
the only specimen that has a mental gland, a
small cluster of openings in a patch of pigment
lying just behind the mandibular symphysis.
Maxillary teeth are small and moderately nu-
merous, ranging between 7 and 18 (x 12.3) in
four males and 7 and 15 (x11) in three females.
Vomerine teeth range between 11 and 22 (x
15.8) in four males and 11 and 12 (x 11.7) in
three females; these very small teeth are borne
in a long row. There are 17 (7 individuals)-18
(1 individual) costal grooves between the limbs,
counting one each in the axilla and the groin;
accordingly we infer that there are 18 (rarely
19) trunk vertebrae. Limbs are of moderate
length for this clade; limb interval averages 6.6
(6=7) in four males and 6.8 in three females
(6.5—7). Hands and feet are small and are mod-
erately broad but short. The digits are syndac-
tylous, and only the triangular tips of the lon-
gest central digits are free (Fig. 5). Fingers, in
order of decreasing length, are 3-2-4-1; toes are
3-2-4-5-1. The tail is round, narrow in cross sec-
tion and relatively short. Tails of most individ-
uals may be at least partly regenerated or were
cut for extraction of DNA prior to measure-
ment. Apparently complete tails exceed SL, and
in the individual with the longest tail (one of
the smaller males), SL is 0.65 tail length.

Measurements of holotype—Head width 4.5; snout
to gular fold (head length) 5.9; head depth at
posterior angle of jaw 2.9; eyelid width 0.9, eye-
lid length 1.5; eye to nostril 1.1; anterior rim of
orbit to snout 1.4; horizontal orbit diameter 1.1;
interorbital distance 2.3; distance separating
eyelids 1.7; nostril diameter 0.2; snout projec-
tion beyond mandible 0.5; distance from eye to
postorbital groove 2.2; snout to posterior angle
of vent (standard length) 39.3; snout to anterior
angle of vent 35.7; snout to forelimb 8.8; axilla
to groin 23.9; limb interval 6 1/2; shoulder
width 3.4; tail length 39.1 (apparently at least
partly regenerated); tail width at base 2.7; tail
depth at base 2.8; forelimb length (to tip of lon-
gest digit) 6.1; hind-limb length 7.1; hand width
1.4; foot width 1.9; free length of longest toe
0.6. Numbers of teeth: premaxillary 4; maxillary
5-2; vomerine 5—6.

Coloration in alcohol—This description is based
mainly on two recently collected specimens
(MVZ 229360, UCR LDG 961327), because col-
oration of the holotype and other paratypes has
been modified by the long period of preserva-
tion. Ontogenetic change in coloration is clear-

ly evident in this species. Individuals below 30
mm SL have a dorsal stripe or band that is
prominent and mainly unmarked. The stripe
extends from the tip of the snout to the tip of
the tail, interrupted on the midline of the snout
by a dark incursion of pigment forming a nar-
row streak, and at a few places along the back
of the head or on the trunk by some obscure
dark pigment. In older individuals, there is
widespread incursion of dark pigmentation into
the band from the lateral surfaces (Fig. 6A). In
juveniles the lateral surfaces are dark brown
from the facial region and below the upper eye-
lids all along the head, body and tail to its tip.
This lateral stripe persists in adults. The dorsal
band is always lighter than the lateral surfaces,
even when extensive melanization has occurred.
In all individuals the area including the back of
the head and extending forward to and includ-
ing the upper eyelids remains light and bears
white pigment. The snout becomes increasingly
mottled with increasing size as the white pig-
ment is progressively restricted to the vicinity of
the nostrils and nasolabial grooves and protu-
berances. The dorsal stripe in adults is a me-
lange of streaks or irregular spots, of melanin
that becomes increasingly dense with increasing
size (this observation is based in part on what
happens in close relatives). The melanic areas
interrupt and gradually replace the white pig-
ment, which eventually is reduced on the back
to some superficial and irregular spots. The up-
per lateral surfaces are nearly unmarked dark
brown, but more ventrally on the sides of the
trunk there are increasing densities of streaks
and irregular spots of extensive, prominent
white pigmentation that continues onto the ven-
tral surface. The ground color of the ventral
surface is lighter than the lateral surfaces, and
the ventrolateral streaks of white are reduced to
a more regular pattern of spotting or speckling.
The tail and gular areas are lighter than the
venter of the trunk, and white pigment is most
evident in the gular region. The upper limb in-
sertions are typically white, especially those of
the hind limb, but they may be somewhat speck-
led with white and melanic pigment. The re-
mainder of the limbs including the hands and
feet are speckled with light and dark coloration.
The iris is black with an overlay of delicate
strands of silvery pigment.

Osteology.—Some information on osteology has
been derived from radiographs of the holotype
and six paratypes. All specimens have 18 trunk
vertebrae, 17 of which bear ribs in the holotype
(ribs are not visible in most of the other speci-
mens). Numbers of caudal vertebrae range



GARCIA-PARIS AND WAKE—NEW TROPICAL SALAMANDERS 55

Oedipina poelzi
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Fig. 7. Cross-sectional representations of the
snouts of representative members of the two subgen-
era of Oedipina. Left, Oedipina (Oedipina), based on a
serial-sectioned head of O. poelzi. Right, Oedipina (Oed-
opinola), based on an adult, cleared-and-stained O. al-
leni, and on radiographs of several species. Maximum
width of snouts is approximately 4 mm.

from 20 (in the smallest individual) to 48
(LACM 145447); the holotype has 32. Skulls are
relatively robust and well articulated with little
or no fontanelle between the frontal and pari-
etal bones. Frontal bones are large with a large
facial portion that articulates firmly with the na-
sals, and the snout region is well ossified, with
development of at least a partial tubular ar-
rangement of the nasals, vomers and maxillaries
as shown in Figure 7. The premaxillary is small,
and the frontal processes are fused for most of
their length as a narrow spine, although they
separate distally. Digits are weakly developed
and in most individuals are not countable. The
holotype has phalangeal formulas of 0-1-1-1 and
0-1-2-1-1. LACM 145450 has the most complete
digital series with formulas of 0-1-2-1 and 1-2-2-
2-1. Tibial spurs are not evident.

Etymology—The species is named in honor of
Jay Mathers Savage, who has devoted more than
40 years of sustained effort to document the bi-
ology of the amphibians and reptiles of Costa
Rica, and whose comprehensive volume on this
fauna is forthcoming. Savage’s contributions in-
clude not only his superb research productivity
and his role in the development and leadership
of the Organization for Tropical Studies but

also his education of several generations of pro-
fessional biologists, of whom the junior author
is one of the earliest in a long list.

Comment—We have samples from three popu-
lations in southwestern Costa Rica, two of which
were studied by Good and Wake (1997) and
found to be very similar in allozyme patterns.
However, we discovered that these two popula-
tions differ considerably in sequences of cyt b
(8.3-9.0%) and 16S (3.4%). Because allozymic
differentiation is so slight (Nei D = 0.02), be-
cause we find no differences in morphology
(except that population 31 apparently achieves
larger body size), and because the populations
occur in the lowlands with no apparent physical
barriers to gene flow, we continue to consider
them to be conspecific and to represent O. al-
leni. Sequence differences between these two
populations and O. savagei are also large (pop
30-31 is 6.4-6.6% and pop 32 is 10.3-11.2% for
cyt b; comparable values for 16S are 3.2 and
4.4%). Phylogenetic analysis consistently clus-
ters O. savagei and pop 30-31. However, the
facts that O. savagei occurs at much higher ele-
vations than O. alleni and that it is morpholog-
ically distinct lead us to recognize it as a distinct
taxon. Allozymic data suggest that reticulation
with reference to DNA haplotypes has taken
place among the lowland populations. By this,
we mean that populations once were separated,
and during this time sorting of haplotype line-
ages took place. Upon recontact, the popula-
tions interbred so that allozymic genetic dis-
tances are now low. However, the existence of
well-differentiated haplotypes indicates that
there has been insufficient time for reductions
in haplotype diversity. Such genetic reticulation
has also been found in other plethodontid sal-
amanders, such as Ensatina (Wake, 1997; Wake
and Schneider, 1998) and Batrachoseps (Wake
and Jockusch, 2000).

DESCRIPTION OF A NEW SPECIES OF NOTOTRITON
FROM COSTA Rica

Nototriton gamezi
Monteverde Moss Salamander
Figure 8

Holotype—MVZ 207122, an adult female from
Carril Bosque Eterno at junction with Pantan-
osa Trail, Monteverde Cloud Forest Reserve,
Prov. Alajuela, Costa Rica, elev. 1600 m, approx-
imately 10°19'N, 84°47.5'W, collected on 14 Au-
gust 1987, by D. C. Cannatella, D. A. Good, W.
Guindon, and D. B. Wake.
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Fig. 8.
verde, Prov. Alejuela, Costa Rica, elev. 1540 m, collected 15 August 1987. Photograph by D. C. Cannatella. (B)
Nototriton gamezi, MVZ 207121, an adult female (24.2 mm SL) from Penas Blancas Trail, Monteverde, Prov.
Alejuela, Costa Rica, elev. 1535 m, collected 14 August 1987. Photograph by D. C. Cannatella.

Paratypes—MVZ 207120-207121, 207123, Penias
Blancas trail below (E) Continental Divide,
Monteverde Cloud Forest Reserve, Prov. Alajue-
la, Costa Rica, elev. 1530-1540 m; MVZ 207124,
Pantanosa Trail, Monteverde Cloud Forest Re-
serve, Prov. Alajuela, Costa Rica, elev. 1590 m;
UCR 4396, La Ventana, Monteverde Cloud For-
est Reserve, Prov. Alajuela, Costa Rica; UCR
6200, Penas Blancas Trial, Monteverde Cloud
Forest Reserve, Prov. Alajuela, Costa Rica.

Diagnosis—A small (maximum size in type se-
ries 26.4 SVL), slender species of Nototriton dis-
tinguished from Costa Rican members of the
genus as follows: from N. abscondens by its larger
nostrils, shorter limbs, and more prominent

(A) Nototriton gamezi, MVZ 207123, an adult male (23.6 mm SL) from Penas Blancas Trail, Monte-

parotoid glands; from N. richardi and N. tapanti
by its larger, more fully formed hands and feet
(e.g., fifth toe length of adults 0.7-0.8 vs. 0-0.1),
longer limbs, and more robust habitus; from N.
major by its smaller size, shorter tail and larger
nostrils; from N. guanacaste by its shorter and
narrower head, and larger nostrils; from N. pi-
cadoi by its relatively more slender habitus and
shorter limbs. It differs further from N. abscon-
dens, N. richardi, N. guanacaste, N. picadoi, N. bar-
bouri, N. lignicola, N. limnospectator, and N. brodiei
by sequence differences in the mitochondrial
genes 16S rDNA and cytochrome b.

Description.—This is a small, slender species;
adult SL for the sole adult male available is 23.6;
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for two females 24.2, 26.2. The head is of mod-
erate length (0.19-0.21 SL in four specimens)
and width (0.13-0.14 SL), and is well demarcat-
ed from the trunk. Eyes are of moderate size
and protrude slightly beyond the lateral mar-
gins of the head. The small teeth are relatively
numerous (24-35, x 28.8 total number of max-
illary teeth; 12-17, x 14.8 total number of vo-
merine teeth). Parotoid glands are relatively
conspicuous and appear as swollen, lightly pig-
mented protuberances from the posterolateral
margins of the head. The adult male has a
small, flat, round mental gland. The species has
a trunk of moderate robustness. The limbs are
relatively short (0.16-0.17 SL). The slender tail
is longer than body length (x 1.1 SL, maximum
length 1.3 SL) and has a relatively strong taper
to a slender, pointed tip. Limbs are relatively
short; limb interval 5-5.5. Hands and feet bear
well-formed, slender digits that are fully inde-
pendent, except for the first digit of the fore-
limb which is relatively indistinct and joined to
the basal portion of the manus. The digits are
slightly expanded around the terminal phalanx.
Webbing is slight and is limited to part of the
proximal phalanx.

Measurements of holotype—Head width 3.5; head
depth 2.3; eyelid length 1.8; eyelid width 0.8;
anterior rim orbit to snout 0.8; interorbital dis-
tance 0.8; snout to forelimb 0.9; nostril diame-
ter 0.2; distance between external nares 0.7;
projection of snout beyond mandible 0.1; par-
otoid gland 1.0 X 0.8; snout to gular fold 5.3;
snout to posterior angle of vent 26.2; snout to
anterior angle of vent 24.6; axilla to groin 14.3;
tail length 28.3; tail depth at base 2.4; tail width
at base 2.4; forelimb length 4.0; width of hand
1.2; hind-limb length 4.8; width of foot 1.6;
length of longest (third) toe 0.5; length of fifth
toe 0.2. Numbers of teeth: premaxillary 5; max-
illary 17-18; vomerine 8-9.

Coloration of holotype (in alcohol).—This is a gen-
erally dark animal with some brightly pigment-
ed highlights. The dorsal surfaces of the head
and body are dark gray-brown, with some dark-
er brown pigment in an obscure dorsolateral
line, especially in the costal interspaces. The
light yellow parotoid glands stand out conspic-
uously at the back of the head, in the neck re-
gion. The lateral surfaces of the trunk are ob-
scurely mottled with cream-yellow spots, blotch-
es, and streaks. The facial portion of the head
and the region under the eyes and along the
mandibles is lightly marked with small, yellowish
spots. The venter, and especially the gular re-
gion, are lighter than the dorsum and are light-

ly covered with small whitish spots. The dorsal
portions of the proximal limb surfaces are yel-
lowish. The dorsal surfaces of the tail are bright
yellow-cream, marked with some irregular small
patches of gray-brown. The ventral surfaces of
the tail are gray.

Coloration (in life).—Color notes were recorded
in life by DBW for three specimens. MVZ
207123 was black ventrally, with white spots in
bands corresponding to costal segments. There
was a distinct contrast between the black venter
and the brown dorsum. The lateral surfaces of
the trunk were streaked and mottled, and there
was an obscure dorsolateral dark line. The par-
otoid region was orange-brown, as were the
limb insertions. The dorsum of the tail was or-
ange-brown with some tannish streaks. The iris
was brown-bronze.

MVZ 207121 was reddish brown with a tan
tail, with all dorsal surfaces bearing small black
spots. The venter of the trunk was gray with
highlights of reddish brown and a rich sprink-
ling of white spots. The gular region was lighter
gray than other ventral surfaces. Limb inser-
tions were reddish brown.

MVZ 207120 was light brown dorsally with
many black spots that create a pattern of re-
peated chevrons, pointing anteriorly. Dorsolat-
eral lines were dark with tan streaking beside
them. The tail was tan. The ventral and lateral
surfaces of the body were black, with many ir-
regularly distributed white spots. There were
black irregular markings on the head. Limb in-
sertions were orange-brown.

Habitat—The type series was collected in the
Monteverde Cloud Forest Reserve in August
1987. Two specimens were collected by search-
ing through heavy moss mats in openings in the
forest beside a wide trail on the Caribbean
coastal slope of the continental divide. The di-
vide is about 1550 m elevation at this spot, and
the salamanders were obtained within about 20
m (elevation) of the divide. Air temperature was
21.5 C, and two salamanders were collected at
temperatures of 21.5 and 20.2 within moss mats.
These animals were microsympatric with Oedi-
pina poelzi and O. uniformis. The type specimen
was collected along the divide in deep forest at
about 1600 m from moss growing on a tree;
temperature 20.0 C. A fourth specimen was col-
lected from moss on a tree.

Etymology.—This species is named in honor of
Rodrigo Gamez, distinguished Costa Rican sci-
entist and public servant, and first Director of
the Instituto Nacional de Biodiversidad de Cos-
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ta Rica (INBio), whose superb efforts have con-
tributed greatly to knowledge and preservation
of Costa Rican biodiversity.

Comment—This species has been known for
many years, but it has long been considered to
be conspecific with populations from the Cor-
dillera Central of Costa Rica now assigned to N.
abscondens (e.g., Van Devender, 1980). The spe-
cies was studied by Good and Wake (1993), who
reported details of a morphometric and allo-
zyme study of the population relative to other
Costa Rican populations assigned to Nototriton.
Although they found the population to be mor-
phologically distinct, they included it in N. abs-
condens because allozyme differences were not
great and because the population clustered with
other populations of that species (but also with
N. guanacaste) in a phylogenetic analysis of the
allozyme data. However, these authors noted
that the Monteverde population overlaps more
extensively in morphological traits with N. guan-
acaste than with N. abscondens. Although genetic
distances are low (Nei D = 0.05-0.06), there is
one fixed allozymic difference between N. gu-
mezi and N. abscondens; there are three fixed dif-
ferences between N. gamezi and N. guanacaste,
and seven differences between N. gamezi and N.
picadoi (Good and Wake, 1993). To the charac-
ters listed by Good and Wake (1993) for the
Monteverde population, we note also that the
species has distinct parotoid glands, and in this
trait, it resembles N. guanacaste. The primary
reasons for our decision to describe the species
are that it is diagnosable on several grounds, it
is well differentiated from all other Costa Rican
populations of Nototriton with respect to both cyt
b and 16S sequences (relative to N. abscondens
K2p is 0.021-0.024 for cyt b, 0.018 for 16S) and
it is never the sister taxon of N. abscondens in
phylogenetic analyses of the sequence data. In-
stead, it is usually the sister taxon of a polytomy
of N. abscondens, N. picadoi (K2p is 0.016-0.019
for cyt b, 0.018 for 16S), and N. guanacaste (K2p
is 0.040 for cyt &; 0.014 for 16s), but in the com-
bined analysis, it is a part of a polytomy of the
first two species. Accordingly, it is unlikely that
N. gamezi is even a sister group of N. abscondens,
and we believe that it merits recognition as a
separate species.

DESCRIPTION OF A NEW GENUS OF TROPICAL
SALAMANDERS

Cryptotriton new genus
Hidden Salamanders

Type species.— Oedipus nasalis Schmidt.

Diagnosis—Diminutive, slender, arboreal sala-
manders belonging to the supergenus Bolitoglos-
sa, having moderately long tails, limbs of mod-
erate length, and enlarged nostrils. The inter-
medium and ulnare of the manus and distal tar-
sals four and five of the pes are fused. The
genus is distinguished from other genera with
similar fusions as follows: from Oedipina by hav-
ing only 14 rather than 18 or more trunk ver-
tebrae; from Bradytriton by having more slender
habitus, a slender, nonglandular tail, and en-
larged nostrils; from Parvimolge by having fron-
tal processes of the premaxillary fused together
at their base and lacking mesopodial and hyob-
ranchial mineralizations; from Thorius by having
a complete skull roof over the brain case; from
Bolitoglossa by having carpal fusions, a sublingual
fold, and enlarged nostrils; from Nototriton by
having much larger nostrils and by having a pre-
frontal bone that is pierced for passage of the
nasolacrimal duct.

Referred species.—Nototriton adelos Papenfuss and
Wake; Nototriton alvarezdeltoroi Papenfuss and
Wake; Nototriton monzoni Campbell and Smith;
Nototriton nasalis (Schmidt); Nototriton veraepacis
(Lynch and Wake); Nototriton wakei Campbell
and Smith.

Etymology.—From kryptos, Greek, hidden, refer-
ring to the cryptic behavior of these salaman-
ders, the obscurity concerning phylogenetic re-
lationships that has retarded its recognition,
and its close morphological resemblance to oth-
er clades of tropical salamanders, and #riton, Lat-
in, Greek, a commonly used term for salaman-
ders.

Range— Cryptotriton ranges from the mountains
of northern Oaxaca, Mexico, through the
mountains of northern Chiapas, Mexico, the
highlands of Alta Verapaz, Guatemala, and the
Sierra de las Minas, eastern Guatemala, to the
Cordillera del Merend6n and associate uplands
in extreme northeastern Honduras.

Comment.—As recently as 1978, this clade and
other clades with diminutive, slender species
(Nototriton, Dendrotriton) were included in Chi-
ropterotriton, which was thought to range from
Tamaulipas, northeastern Mexico, to central
Costa Rica (Lynch and Wake, 1978). Wake and
Elias (1983) recognized Dendrotriton as a mono-
phyletic group, and restricted Chiropterotriton to
Mexico north and west of the Isthmus of Te-
huantepec. Although they described Nototriton
at the same time, they expressed doubts that it
was a monophyletic group, and those reserva-
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tions are confirmed by results published in this
paper. These small, secretive, often rare sala-
manders have proven to be difficult taxonomi-
cally, and only with the advent of molecular ap-
proaches (e.g., Good and Wake, 1997; this pa-
per) are we finally able to identify the mono-
phyletic lineages that formerly comprised the
composite Chiropterotriton. Our analysis supports
the recognition of an additional species (pop.
10) from Guatemala that is being described by
Good and Wake.

The monophyletic units once included in Chi-
ropterotriton display homoplasy in many structur-
al details as well as in overall body form and
even general ecology. They have distributions
that overlap only slightly with each other. Chi-
ropterotriton occurs west and north of the Isth-
mus of Tehuantepec, and although it is diverse
in morphology and ecology, several species are
small. These are either terrestrial or bromeliad-
dwellers (Wake, 1987; Darda, 1994). Cryptotriton
includes small species that use either moss mats
or bromeliads and occur mainly in nuclear Mid-
dle America, from western Honduras into
northern Chiapas, in areas of Atlantic drainage.
We tentatively assign the rare species C. adelos
to this genus, although we have been unable to
study its DNA, mainly because of its general
morphology (it has an arrangement of skull
bones found otherwise only in Cryptotriton, Pa-
penfuss and Wake, 1987) and its geographic
proximity to other species in the genus. How-
ever, it is the only member to occur west of the
Isthmus of Tehuantepec, and it may represent
a phylogenetically independent clade. Dendrotri-
ton includes small bromeliad-dwellers and is lim-
ited to Nuclear Middle America, where it is
found in the Atlantic drainage of western Hon-
duras, mainly the Pacific drainage of northwest-
ern Guatemala, and on the Pacific slopes of
Chiapas (Wake, 1987, 1998). Finally, Nototriton
occurs in two well-separated upland zones in the
Atlantic drainage of central and western Hon-
duras and eastern Guatemala (where it is mainly
terrestrial) and in mountains along the conti-
nental divide but mainly of Atlantic drainage in
central and northwestern Costa Rica (where it
lives in moss mats on trees or road banks, or in
bromeliads, or is terrestrial). Sympatry is known
between Cryptotriton and Chiropterotriton in
northern Oaxaca (Wake et al., 1992), between
Nototriton and Dendrotriton on the Montana de
Santa Barbara, western Honduras (McCranie
and Wilson, 1997a), and between Nototriton and
Cryptotriton in eastern Guatemala (Campbell
and Smith, 1998; McCranie et al., 1998). Where
species of Nototriton occur with or near either
Dendrotriton or Cryplotriton, they can be distin-

guished by being more terrestrial and by having
small nostrils. Nototriton, Cryptotriton, Dendrotri-
ton, and several smaller clades (Bradytriton, Nyc-
tanolis, Ixalotriton) all are associated with nuclear
Middle America, and in future papers we will
examine the biogeography of these taxa in
greater detail in association with further phylo-
genetic analyses.

REVIEW OF OTHER GENERA IN THIS STUDY

Nototriton Wake and Elias
Moss Salamanders

Type species.—Spelerpes picadoi Stejneger.

Diagnosis—Diminutive, slender, long-tailed sal-
amanders of arboreal and semiarboreal (includ-
ing moss mats), terrestrial, or semifossorial hab-
itats with moderately long to short legs with
small hands and feet and small to medium-sized
nostrils. The intermedium and ulnare of the
manus and distal tarsals four and five of the pes
are fused. The genus is distinguished from oth-
er genera with similar fusions as follows: from
Oedipina by having only 14 rather than 18 or
more trunk vertebrae; from Bradytriton by hav-
ing more slender habitus, a slender, nonglan-
dular tail, and enlarged nostrils; from Parvimolge
by having frontal processes of the premaxillary
fused together at their base and lacking meso-
podial and hyobranchial mineralizations; from
Thorius by having a complete skull roof over the
brain case; from Bolitoglossa by having carpal fu-
sions and a sublingual fold; from Cryptotriton by
having much smaller nostrils and by having a
complete prefrontal bone or lacking it entirely,
but never being pierced for passage of the na-
solacrimal duct.

Referred species.—Nototriton abscondens (Taylor),
Nototriton barbouri (Schmidt), Nototriton brodiei
Campbell and Smith, Nototriton gamezi Garcia-
Paris and Wake, Nototriton guanacaste Good and
Wake, Nototriton lignicola McCranie and Wilson,
Nototriton limnospectator McCranie, Wilson and
Polisar; Nototriton major Good and Wake, Nototri-
ton picadoi (Stejneger), Nototriton richardi (Tay-
lor), Nototriton tapanti Good and Wake.

Range—From central Costa Rica northward in
isolated montane habitats to western Honduras.
There is a large geographic gap in the range
from Volcan Orosi in northwestern Costa Rica
(N. guanacaste) to the mountains of north cen-
tral Honduras (Depto. Olancho, N. lignicola).
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Comment.—The species originally described as
Nototriton sanctibarbarus (McCranie and Wilson,
1997a) has recently been reassigned to the ge-
nus Dendrotriton (Wake, 1998).

Oedipina Keferstein 1868

Tropical Worm Salamanders
Type species.— Oedipina uniformis Keferstein.

Diagnosis—FElongate salamanders of moderate
to large size with long to very long tails, usually
with small to very small limbs, hands and feet;
distinguished from all other tropical bolitoglos-
sine salamanders by having 18 or more trunk
vertebrae, rather than 14.

Content.—We treat the two clades as subgenera,
Oedipina and Oedopinola. Oedipina includes gen-
erally longer-bodied, longer-tailed species, usu-
ally with small limbs, hands and feet. Oedopinola
includes generally stouter, shorter-bodied,
shorter-tailed species, with larger limbs, hands
and feet, but some species are relatively long
bodied (O. gephyra) and others have very re-
duced limbs and digits (O. complex, O. maritima).
In general, Oedipina has a skull that is normally
proportioned for the tribe Bolitoglossini, where-
as most (possibly all) species of Oedopinola dis-
play a double tubular arrangement of the nasal
region, produced by downward growth of the
medial and lateral borders of the nasals and cor-
responding upward growth of the vomers, form-
ing a skeletal tube around the nasal capsules of
these semifossorial to fossorial species (Fig. 7).

Oedipina Keferstein 1868

Referred species—The content of the wuniformis
group of Brame (1968), plus additional recently
recognized taxa: alfaroi (Dunn), altura Brame,
collaris (Stejneger), cyclocauda Taylor, gracilis Tay-
lor, grandis Brame and Duellman, ignea Stuart,
pacificensis Taylor, paucidentata Brame, poelzi Bra-
me, pseudouniformis Brame, stenopodia Brodie
and Campbell, stuarti Brame, taylori Stuart, un-
iformis Keferstein.

Range—From extreme western Guatemala
south to central Panama along the Pacific ver-
sant, and from central Honduras to central Pan-
ama along the Caribbean versant; from sea level
to about 2500 m elevation; occurs on islands of
the Golfo de Fonseca on the Pacific Coast.

Comment—Brame (1968) concluded that Hap-
toglossa pressicauda Cope, 1893, is a synonym of

Oedipina uniformis Keferstein, 1868, which was
revised by Good and Wake (1997). If he is cor-
rect in this conclusion (the type is lost), the
name pressicauda is likely a senior synonym for
the recently elevated taxon pacificensis Taylor,
1952. Cope reported the type specimen to have
an attached tongue. Cope was an expert on sal-
amander morphology and accordingly under-
stood the significance of this character (no
member of the supergenus Bolitoglossa has such
a tongue, and only members of that supergenus
are otherwise known from the New World trop-
ics). Accordingly, we think he was unlikely to
make a mistake on such a character. We are not
convinced that the type specimen is even refer-
able to the supergenus, and accordingly we are
reluctant to recommend a taxonomic change in
the status of pacificensis (which was raised from
the synonymy of uniformis by Good and Wake,
1997).

Oedopinola Hilton 1946

Referred species——The content of the parvipes
group of Brame (1968) and additional recently
recognized taxa: alleni Taylor, carablanca Brame,
complex (Dunn), elongata (Schmidt), gephyra
McCranie, Wilson and Williams, maritima
Garcia-Paris and Wake, parvipes (Peters), savagei
Garcia-Paris and Wake.

Range.—From Chiapas, Mexico, along the Ca-
ribbean versant to northwestern Colombia, in-
cluding Isla Escudo de Veraguas, Panama, and
from Honduras to northern Ecuador along the
Pacific versant, including Isla Gorgona, Colom-
bia; from sea level to about 1500 m.

Comment.—This is a poorly known clade com-
prised of species generally known only from
very few specimens. Isolated samples from Pan-
ama, Colombia and Ecuador have been as-
signed to existing taxa but several probably con-
stitute undescribed species.
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APPENDIX 3.  SEQUENCE DIVERGENCE (K2p) WITHIN Cryptotriton. Upper half matrix is based on 16S sequences.
Lower half matrix is based on cyt b sequences.

1 2 3 4 5
1 C. alvarezdeltoroi (1) ok — — 0.0951 0.0892
2 C. nasalis (2) 0.1674 ook — — —
3 C. veraepacis (3, 6) 0.1534 0.1487 Hokok — —
4 C. veraepacis (4,5,7,8)  0.1466 0.1418 0.0052 HEE 0.0448
5 C.sp. A (9, 10) 0.1469 0.1323 0.0932 0.0870 hokok
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