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Abstract
In this report, we describe a new species of the Craugastor podiciferus species group from the premontane forest of the
Pacific versant along the Costa Rican-Panamanian border. Mitochondrial DNA and karyotype analyses previously showed
a marked genetic divergence between populations of the premontane forest of the Fila Costeña and the lowlands South
Pacific Costa Rica near Panama. Analyses of the mitochondrial DNA sequences and the morphological variation revealed
significant differences between the populations of the premontane forest relative to the other populations of C. stejnegerianus, including the type locality. We recognize these premontane populations as a new species and show that they differ
from the typical C. stejnegerianus in the coloration of the venter, the head and the body proportions, and mtDNA divergence. With the addition of this new species, the C. podiciferus species group now contains nine species.
Key words: Brachycephaloidea, Costa Rica, Craugastor gabbi sp. nov., Craugastor stejnegerianus, cryptic species, Panama, taxonomy, Terrarana

Introduction
Terrarana (Brachycephaloidea, sensu Padial et al. 2014) is a clade of New World frogs that use a terrestrial
breeding mode and direct development (Hedges et al. 2008). Currently, this clade is composed of more than 1000
species distributed throughout the New World tropics (Padial et al. 2014). Due to its size and complexity, this
group has been the target of multiple molecular phylogenetic analyses, resulting in the extensive changes of its
composition at all levels; Eleutherodactylus (Duméril & Bibron), the largest vertebrate genus at one time, was split
into multiple genera and families (Hedges et al. 2008; Heinicke et al. 2009; Padial et al. 2014), and numerous nonmonophyletic subgeneric taxa have been identified (Padial et al. 2014). Craugastor, one of the largest components
of the Terraranas, is distributed from the southern USA to northwestern Colombia (Hedges et al. 2008) and is
composed of 114 species (AmphibiaWeb 2016). This genus is considered monophyletic based on jaw morphology
(Lynch 1986) and mitochondrial and nuclear markers (Crawford & Smith 2005; Frost et al. 2006; Heinicke et al.
2007; Hedges et al. 2008; Pyron & Wiens 2011; Padial et al. 2014). Several species complexes are recognized
within Craugastor (Hedges et al. 2008; Padial et al. 2014); however, a lack of morphological distinction among
these taxa have made taxonomic work difficult (Savage 2002), and several cryptic new species that are masked
under some of the nominal species remain undescribed (Savage 2002; Crawford 2003; Crawford et al. 2007;
Hedges et al. 2008; Streicher et al. 2009; McCranie 2015).
Craugastor stejnegerianus (Cope 1893), a member of the C. podiciferus species group, was described by Cope
(1893) as Hylodes stejnegerianus, based on a specimen from Palmar de Osa, Puntarenas, Costa Rica. Günther
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(1885-1902) placed this species in the synonymy of H. polyptychus (Cope 1886); subsequently, however, Taylor
(1952) resurrected and re-described this species and placed it in the genus Microbatrachylus (Taylor). Based on an
analysis of the color pattern polymorphisms, Savage & Emerson (1970) concluded that C. stejnegerianus, together
with the rest of the C. podiciferus species group, were synonyms of Eleutherodactylus bransfordii (Cope 1886).
Using biochemical data, Miyamoto (1983) determined that the populations of E. bransfordii from the Pacific
versant of Costa Rica were markedly divergent from the Caribbean versants; thus the name E. stejnegerianus was
resurrected and applied to the populations of the Pacific versant of Costa Rica. This finding was subsequently
supported by karyotypic differences (Chen 2001, 2005). Savage (2002) found morphological differences between
E. bransfordii and E. stejnegerianus and consolidated the hypothesis of specific differentiation. Phylogenetic and
population genetic studies based on mitochondrial and nuclear DNA sequence data (Crawford 2003) revealed deep
genetic divergences between the populations of C. stejnegerianus and showed that this species was more closely
related to C. persimilis (Barbour 1926) than to C. bransfordii.
In this study, we perform morphological and molecular phylogenetic analyses of all populations referred to as
C. stejnegerianus of the South Pacific Costa Rica and western Panama to determine the taxonomic status of the
lowland and premontane populations. We propose the recognition of the premontane populations as a distinct
species closely related to C. stejnegerianus.

Materials and methods
Species criterion. Our definition of species follows the general metapopulation lineage species concept (de
Queiroz 2007). Because we adhere to this concept, we recognize a species when there is evidence of the separation
of metapopulation lineages, preferably based on multiple lines of evidence following the consensus protocol for
integrative taxonomy (Padial et al. 2010).

FIGURE 1. Map showing the sampling sites. Samples indicated by the solid color were included in the molecular analyses,
and the sites indicated by a number plus letters were included in the morphological analyses. Samples from the sites indicated
by open circles and open triangles were included only in the morphological analyses. The numbers correspond to the locality
ID in Table 1. Letter codes refer to Table 2.
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Taxon sampling. Tissue samples were collected from 26 Craugastor podiciferus species group specimens
from 16 localities of Costa Rica (Table 1, Fig. 1). The frogs were collected in the field and euthanized, and liver or
muscle tissue was preserved in 95% ethanol or RNAlater. Voucher specimens were fixed in 10% formalin, stored in
70% ethanol, and deposited at the Museo de Zoología, Universidad de Costa Rica (UCR) and the Division of
Amphibians and Reptiles at the Field Museum of Natural History (FMNH). Additional tissue samples of five
specimens of three localities of Panama and Honduras were kindly provided (see Acknowledgments).
Amplification and sequencing. We extracted and sequenced a fragment of the mitochondrial 16S rRNA gene
from seven samples of the new species described here, 15 samples referred to as Craugastor stejnegerianus from
10 populations, two C. persimilis, two C. bransfordii, two C. lauraster (Savage, McCranie & Espinal 1996), two C.
underwoodi (Boulenger 1896), and a specimen referred to C. podiciferus as an outgroup (Table 1). The total
genomic DNA was extracted from the preserved tissues (liver or muscle) using the Animal Genomic DNA Kit
(BioBasic Canada Inc.). We used the polymerase chain reaction (PCR) to amplify the mitochondrial 16S rRNA
gene (16S) using the primers 16Sbr and 16Sar (Palumbi et al. 1991). The PCR amplifications were performed
using a total volume of 15 µL, which contained 1 µL DNA template (c. 50 ng µL-1), 0.75 U Taq polymerase
(Amplificasa®, Biotecnologias Moleculares), 1X PCR buffer with 1.5 mm MgCl2, 0.2 mM deoxynucleotide
triphosphates (dNTPs), and 0.3 µM forward and reverse primers. The PCR conditions consisted of an initial cycle
of 5 min at 94ºC, followed by 35 cycles of 45 s at 94ºC, 30 or 45 s at 50ºC or 55ºC, 45 or 120 s at 72ºC, plus a final
cycle of 5 min at 72ºC. The fragments were sequenced in both directions using the original amplification primers
and BigDye termination reaction chemistry (Applied Biosystems). After cycle sequencing, the products were
column-purified using a Sephadex G-50 (GE Healthcare) and were run on an ABI PRISM 3100 DNA Analyzer
(Applied Biosystems). Consensus sequences for each individual were constructed using SEQUENCHER 5.3
(Genes Codes Corp.). The resulting sequences were deposited in GenBank (Table 1).
Phylogenetic analyses. 16S sequences were aligned using the MUSCLE 3.7 software (Edgar 2004). We used
the MrModelTest 2.3 (Nylander 2004) and the Akaike Information Criterion (AIC) to select an appropriate model
of the DNA sequence evolution, which was the GTR + I model. Analyses were performed using both the maximum
likelihood (ML) and Bayesian analyses (BA). The ML analyses were performed using RAxML 8.1.11 (Stamatakis
2014), including 1000 bootstrap replicates to evaluate nodal support. The Bayesian phylogenetic analyses were
performed using MrBayes 3.2.2 (Huelsenbeck & Ronquist 2001) and 10 heated MCMC samples of every 1000
generations for 50 million generations. We examined a time-series plot of the likelihood scores of the cold chain to
check stationarity using Tracer 1.6 software (Rambaut et al. 2014). We discarded the first 25% of trees as burn-in
and used the remaining trees to estimate the consensus tree along with the posterior probabilities for each node and
each parameter. Estimates of pairwise evolutionary genetic divergence between and within groups were computed
using MEGA6 (Tamura et al. 2013), assuming corrected distances based on the Tamura 3-parameter model
(Tamura 1992), with rate variation among the sites modeled as a gamma distribution with the shape parameter = 4
as the default of the software.
Morphometric analyses. We examined 35 Craugastor specimens from the premontane forest of Fila Costeña
and the Cordillera de Talamanca near the Costa Rican-Panamanian border and 155 specimens representing several
populations from lowland South Pacific Costa Rica, including the type locality of C. stejnegerianus (Table 2, Fig.
1; Appendix). All material was deposited at the Museo de Zoología (UCR), Universidad de Costa Rica, San José,
Costa Rica. The following morphological measurements were recorded, as described by Savage (2002) and
Duellman & Lehr (2009): snout-vent length (SVL), head length (HL), head width (HW), eye diameter (ED), inter
orbital distance (IOD), tympanum diameter (TY), width of the upper eyelid (EW), tibia length (TL), eye-nostril
distance (E-N), lengths of the toes (T1, T2, T3, T4, T5), and lengths of the fingers (F1, F2, F3, F4). Measurements
were made using dial calipers and were rounded to the nearest 0.1 mm. To remove the effect of body size, each
morphological measurement was regressed against the SVL, and the residuals from a linear fit with the SVL were
used in further analyses. The additional proportions reported here include: EW/IOD, TY/ED, E-N/ED, ED/HL,
IOD/HW, and T4/TL. The sex of the individuals was determined based on the TY/ED ratio and gonadal
morphology. TY/ED > 0.6 corresponds to males. The specimens with opaque seminal vesicles were assumed to be
adult males, and those with developed oviducts were assumed to be adult females. The general terminology for the
morphological characteristics follows Duellman & Lehr (2009). We followed Savage (2002) in our usage of the
term “supernumerary tubercles,” which we use to refer to the tubercles on the phalanges (between subarticular
tubercles); this is different from the tubercles referred to here as accessory palmares or plantares tubercles.
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Dorsal color pattern. We followed Savage & Emerson (1970) in defining the dorsal color pattern
polymorphisms as follows: M = mottled, U = uniform, L = striped, Z1 = tympanic stripe, Z2 = tympanic stripe in
combination with eye mask, N = skin dorsum smooth, O = skin dorsum irregularly granular, and Q = a pair of
dorsal ridges.
Statistical analyses. We calculated the mean, standard deviation, and range for each morphometric variable
using the program JMP 12 (SAS Institute). We compared the populations using ANOVA (α = 0.05) when the
assumptions of normality (Shapiro-Wilk, α = 0.05) and homoscedasticity (Levene, α = 0.05) were met. When the
assumption of normality failed, we used the Kruskal-Wallis test (α = 0.01); when there was heteroscedasticity, we
used Welch’s ANOVA (α = 0.01). The following variables were subject to principal components analyses (PCA)
with subsequent ANOVA of the PC1 and PC2 scores: HL/SVL, TL/SVL, E-N/SVL, F2/SVL, and IOD/HW. The
same variables were used in a discriminant analysis to calculate the probability of the correct classification of the
specimens to their original population.
TABLE 3. Results from the morphological analyses. Significant P-values are indicated in bold. Abbreviations: S.D. =
standard deviation, P = probability. The statistical test used is indicated in the last column as follows: † = ANOVA, †† =
Welch’s ANOVA, § = Kruskal-Wallis test.
Craugastor gabbi sp. nov.

Craugastor stejnegerianus

Mean±S.D.

Range

Mean±S.D

Range

SVL

16.72±2.18

13.60–21.55

15.58±2.63

9.50–21.40

0.018†

HL/SVL

0.33±0.03

0.29–0.41

0.36±0.03

0.30–0.45

<0.001§

HW/SVL

0.34±0.02

0.31–0.38

0.35±0.02

0.32–0.40

0.047§

ED/SVL

0.12±0.02

0.08–0.15

0.12±0.01

0.08–0.16

0.472§

IOD/SVL

0.11±0.01

0.10–0.13

0.11±0.01

0.08–0.17

<0.001†

TY/SVLmales

0.08±0.02

0.06–0.11

0.09±0.01

0.06–0.11

0.873††

TY/SVLfemales

0.06±0.01

0.05–0.08

0.06±0.01

0.03–0.08

0.113§

EW/SVL

0.08±0.01

0.06–0.11

0.08±0.01

0.05–0.10

0.273†

TL/SVL

0.55±0.02

0.50–0.61

0.52±0.03

0.46–0.58

<0.001†

E-N/SVL

0.09±0.02

0.04–0.11

0.10±0.01

0.06–0.12

<0.001§

T1/SVL

0.10±0.02

0.06–0.14

0.10±0.01

0.07–0.14

0.590††

T2/SVL

0.19±0.03

0.14–0.24

0.19±0.02

0.12–0.24

0.398†

T3/SVL

0.32±0.03

0.26–0.41

0.31±0.03

0.25–0.38

0.433††

T4/SVL

0.48±0.04

0.37–0.55

0.47±0.04

0.37–0.54

0.228§

T5/SVL

0.30±0.03

0.23–0.35

0.29±0.03

0.22–0.34

0.226§

F1/SVL

0.10±0.02

0.08–0.14

0.11±0.01

0.07–0.15

0.006§

F2/SVL

0.13±0.02

0.11–0.17

0.14±0.02

0.09–0.18

0.001†

F3/SVL

0.21±0.02

0.16–0.25

0.21±0.02

0.16–0.26

0.148†

F4/SVL

0.14±0.02

0.10–0.19

0.15±0.02

0.10–0.20

0.279†

EW/IOD

0.67±0.12

0.50–1.03

0.74±0.13

0.41–1.31

0.001§

TY/EDmales

0.76±0.14

0.60–1.11

0.74±0.09

0.60–0.92

0.818§

TY/EDfemales

0.52±0.06

0.39–0.59

0.49±0.05

0.31–0.59

0.090†

E-N/ED

0.74±0.16

0.36–1.05

0.81±0.12

0.50–1.20

0.002††

ED/HL

0.35±0.05

0.25–0.49

0.34±0.03

0.24–0.41

0.121§

IOD/HW

0.33±0.02

0.28–0.40

0.31±0.04

0.22–0.48

<0.001§

T4/TL

0.86±0.06

0.69–1.01

0.90±0.06

0.74–1.02

<0.001§

Variable
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FIGURE 2. Bayesian phylogenetic inference of the relationships of Craugastor gabbi sp. nov. within the C. podiciferus
species group based on the 16S mitochondrial DNA gene fragment. Bayesian posterior probabilities (multiplied by 100) are
shown above the branch; maximum likelihood bootstrap values from the RAxML analysis are shown below the branches. The
scale bar refers to the estimated substitutions per site. The support values of any node within species are not shown.

Results
Molecular analyses. The resulting data matrix had a total length of 539 bp, including gaps. The phylogenies
inferred using ML and BA were concordant in supporting the tree shown in Fig. 2. The phylogeny shows two wellsupported clades. One is formed of all the samples from the premontane forest of the South Pacific Costa Rica and
western Panama (populations “a” and “b”, Fig. 1), and the second is formed of all the samples from lowland South
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Pacific Costa Rica (populations “c-y”, Fig. 1). The genetic divergence between these two clades was 4.5% for the
16S gene. These two clades are nonetheless not sister taxa as Craugastor stejnegerianus + C. lauraster form a
clade separated from C. gabbi and show mean-corrected genetic divergence of 4.7%, supporting that C.
stejnegerianus, is more closely related to C. lauraster than to C. gabbi. Our results highlight the independent
evolutionary status of the populations from the premontane forest and lead us to recognize it as a separate
evolutionary unit: Craugastor gabbi sp. nov.
Morphometric analyses. Morphometric variation and comparisons among the populations are shown in Table
3. The following characteristics were significantly different between the lowland and premontane populations:
SVL, HL/SVL, IOD/SVL, TL/SVL, E-N/SVL, F1/SVL, F2/SVL, EW/IOD, E-N/ED, IOD/HW, and T4/TL. The
PCA efficiently differentiated the premontane and lowland frogs (Fig. 3). The first principal component (PC1)
explained 40.6% of the total variance, with 68.0% of the total variance explained by the first two components. In
PC2, TL/SVL and IOD/HW were positively loaded, while HL/SVL, E-N/SVL, and F2/SVL were negatively
loaded. PC1 and PC2 differentiated the two populations (PC1: F=12.03, df=189, p=0.001; PC2: F=114.51, df=189,
p=<0.001). The discriminant analysis correctly classified 91.55% of the specimens to the populations,
demonstrating a clear separation between the lowland and premontane populations studied here (Wilks’ lambda
0.512, p=<0.001).

FIGURE 3. Principal component analysis showing the morphological separation among the 35 individuals of Craugastor
gabbi sp. nov. (solid squares) from the premontane forest near the Costa Rican-Panamanian border and 155 individuals of C.
stejnegerianus (open triangles) from the lowlands of South Pacific Costa Rica.

Description of new species
Craugastor gabbi sp. nov.
Gabb's Dirt Frog
(Figures 4–6)
Craugastor stejnegerianus (part): Scott 1976; Savage 2002; Crawford 2003; Santos-Barrera et al. 2008
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Holotype. UCR 21864, an adult female from the Organization for Tropical Studies’ Las Cruces Biological Station
(+8.7889º, -82.9583º; 1200 m elevation), Fila Costeña, San Vito de Coto Brus, Puntarenas Province, Costa Rica;
collected by Erick Arias, Gerardo Chaves, Adrián García-Rodríguez, and Federico Bolaños on 16 March 2013.
Paratypes. Adult male UCR 21865 and UCR 21867; adult female UCR 21863 and UCR 21876; same data as
the holotype.
Assignment to group. The following inclusion characteristics were used to assign frogs to the C. podiciferus
species group: narrow head (31–38% SVL), presence of venter areolate, a shorter Finger I than Finger II, absence
of inner tarsal fold, and absence of nuptial pads.
Diagnosis. A small species of the Craugastor (Craugastor) podiciferus species group with the following
characteristics: (1) skin on the dorsum is shagreen with scattered enlarged granules; venter and flanks are coarsely
areolate, usually with dorsolateral and lateral folds; discoidal fold complete laterally and posteriorly; (2) tympanum
round, usually with membrane differentiated and annulus prominent, (TY/ED = 39–111%), usually without
supratympanic fold; (3) snout subovoid in dorsal view, rounded in profile; loreal region concave; canthus-rostralis
usually rounded; (4) upper eyelid granular (EW/IOD = 50–103%); cranial crests absent; (5) vomerine teeth
transverse, in two fascicles well behind the choanae; choanae smaller than the dentigerous; (6) vocal slits absent;
nuptial pads absent; (7) Finger I slightly shorter than Finger II; disks usually absent, but with terminal transverse
grooves; tips usually lanceolate; pads triangular; (8) fingers lacking lateral fringes; thenar and palmar tubercles
ovoid, thenar much smaller than palmar; proximal supernumerary tubercles rounded; usually two accessory palmar
tubercles; subarticular tubercles round, projecting and obtuse; (9) ulnar fold absent, but tubercles sometimes are
visible; (10) heel lacking tubercles; inner tarsal folds usually absent; (11) inner metatarsal tubercle elongate, outer
rounded, much smaller than inner; proximal supernumerary tubercles rounded; numerous (usually 10–15) rounded
plantar tubercles; subarticular tubercles ovoid, projecting and obtuse; (12) Toe III larger than Toe V; disks
expanded, asymmetric; disk cover usually lanceolate; disk pad triangular; toe webbing basal, usually does not
reach the proximal subarticular tubercle on Toes I-II-III-IV; however, in some specimens webbing reaches the
proximal subarticular tubercle or beyond; (13) dorsum gray brown to dark brown, uniform, mottled, some
specimens have a middorsal light stripe, or, rarely, paired dorsolateral light stripes; venter cream with dark pigment
reaching the midline; throat usually yellowish with dark mottling; upper surfaces of thighs usually with dark bars;
posterior surface of thigh uniform reddish brown; usually labial bars and supratympanic mark (Fig. 4); (14) SVL in
males 14.35–21.35 mm; SVL in females 13.60–21.55 mm.
Comparisons with other species. Craugastor gabbi differs from all the other craugastorids of Lower Central
America, except for those in the C. podiciferus species group, which have basal webbing between the toes and a
narrow head, i.e., head width 31–38% SVL. Craugastor gabbi differs from other members of the C. podiciferus
species group by having the following characteristics (condition for C. gabbi in parentheses, see Table 4).
Craugastor gabbi differs from C. bransfordii, C. polyptychus and C. underwoodi by having a thenar tubercle equal
to or slightly smaller than the palmar tubercle (thenar tubercle definitely much smaller than palmar tubercle, Fig.
5); C. gabbi differs from C. podiciferus by having a prominent calcar tubercle on the heel (calcar tubercle absent)
and by the absence of supernumerary tubercles (supernumerary tubercles well defined in fingers and toes); from C.
jota (Lynch 1980) by having a prominent calcar tubercle on the heel (calcar tubercle absent); from C. lauraster by
having an immaculate white venter (having a cream-colored venter with dark pigment reaching the midline, Fig. 4)
and by having a much shorter Finger I than Finger II (Finger I slightly shorter than Finger II); from C. persimilis by
having toes unwebbed (basal webbing between toes), by having dorsum and forelimbs areolate (dorsum and
forelimbs shagreen), and by having a much shorter Finger I than Finger II (Finger I slightly shorter than Finger II);
from C. stejnegerianus by having an immaculate white venter, [only the 8% of the specimens reviewed here had a
venter with dark pigment reaching the midline] (venter cream-colored with dark pigment reaching the midline, Fig.
6) and by having a significantly larger TL/SVL and IOD/HW and a significantly smaller HL/SVL and E-N/SVL. Is
important to note that the specimens of the northernmost populations of the Central Pacific of Costa Rica had the
venter with dark pigment reaching the midline; however, these populations are under taxonomic revision because
they could represent a separate species.
Description of holotype. Adult female; head width 36.5% of SVL; head length 38.6% of SVL; snout
subovoid in dorsal view, rounded in profile; canthus-rostralis indistinct; loreal region slightly concave; nostrils
small, directed laterally; vomerine teeth transverse, in two fascicles well behind the choanae; eye larger, diameter
equal to 126.67% of E–N; tympanum small, 57.69% of ED, round, with membrane undifferentiated and annulus
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prominent; skin on dorsum shagreen, venter coarsely areolate, throat and head smooth, flanks shagreen like the
dorsum; a pair of dorsolateral folds extend from the orbit to the sacrum, and a pair of lateral folds extend from the
axillar level to the sacrum; discoidal fold complete; upper eyelid granular; postrictal tubercles fused forming a
short ridge posterior-ventral to the tympanum.
Forelimb slim; ulnar tubercles and fold absent; thenar and palmar tubercles ovoid, with the thenar much
smaller than palmar; proximal supernumerary tubercles rounded, medial supernumerary tubercles only on Finger
III; three accessory palmar tubercles much smaller than the supernumerary tubercles; subarticular tubercles larger,
round, projecting and obtuse; fingers slim; disks absent; fingers with grooves; tips of fingers lanceolate in dorsal
view; pads triangular; fingers not webbed.
Hindlimb slightly slim; heel smooth, inner tarsal fold absent; inner metatarsal tubercle elongate, outer rounded,
much smaller than inner; proximal supernumerary tubercles rounded, medial supernumerary tubercles only on Toes
III and IV; numerous rounded plantar tubercles; subarticular tubercles rounded, projecting and pungent; disks
expanded, asymmetric; disk cover lanceolate; disk pad triangular; webbing basal between Toes I-II-III-IV, reaching
the proximal subarticular tubercle on Toe I.

FIGURE 4. a) Dorsal and b) ventral photos of Craugastor gabbi sp. nov. holotype (UCR 21864). The scale bar represents 0.5
cm. Photos by Mauricio Calderón-Rivera.

Coloration of the holotype in ethanol (Fig. 4). Dorsum of head and back dark brown to grayish with a pair of
dark spots on each flank, a pair of dark spots on the back, an oblique dark stripe crossing the sacrum, and a
middorsal light stripe; upper lip with diffuse dark bars; a dark supratympanic stripe extending from the orbit to the
suprascapular shoulder; venter cream-colored and dotted with dark pigment; throat cream with dark mottling, not
contrasting with the venter; groin cream, with a few small dark dots, not contrasting with the flanks; flanks light
brown but transition dorsally to dark brown and ventrally to cream with dark dots, which penetrate the venter;
dorsal surface of hind limbs similar to dorsal background with dark bars, which extend over the tibia and feet;
posterior and anterior surfaces of hind limbs uniform dark brown.
Measurements of holotype (mm). SVL 19.7; HL 7.6; HW 7.2; ED 2.6; IOD 2.3; TY 1.5; EW 1.8; TL 10.4;
E–N 2.1; T1 1.7; T2 3.7; T3 5.1; T4 9.50; T5 6.1; F1 2.4; F2 3.0; F3 4.2; F4 3.20.
Morphometric (mm) and morphological variation of paratypes. Morphometric variation of all specimens
analyzed is summarized in Table 3. Here we provide the mean and standard deviation and, in parentheses, the range
of each measurement of all the paratypes. SVL 16.9±2.0 (14.8–19.3); HL 6.7±0.81 (6.0–7.8); HW 6.2±0.8
(5.4–7.1); ED 2.3±0.3 (1.9–2.5); IOD 2.1±0.3 (1.8–2.5); TY in males 1.6, in females 1.4±0.2 (1.2–1.4); EW
1.3±0.3 (1.1–1.7); TL 9.3±0.9 (8.4–10.4); E-N 1.7±0.3 (1.5–2.1); T1 1.4±0.3 (1.1–1.7); T2 2.3±0.4 (2.7–3.6); T3
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5.1±0.6 (4.5–5.9); T4 7.9±0.6 (7.2–8.4); T5 4.9±0.4 (4.6–5.4); F1 2.0±0.2 (1.8–2.3); F2 2.2±0.4 (1.8–2.6); F3
3.6±0.4 (3.0–4.1); F4 2.4±0.5 (1.9–3.0).
The scant variation among the paratypes is described as follows. Tympanic membrane differentiated in UCR
21863, UCR 21865, and UCR 21876; a pair of dorsolateral folds extending from the axillar level to the sacrum in
UCR 21865 and UCR 21867; a pair of lateral folds extending from the orbit to the sacrum in UCR 21865; discoidal
fold indistinguishable in UCR 21863, UCR 21865, UCR 21867 and UCR 21876; two tubercles postrictal in UCR
21867, semifused in UCR 21863 and UCR 21865; inner tarsal fold incomplete in UCR 21863. Fingers without
medial supernumerary tubercles in UCR 21863 and UCR 21865; only two palmar accessory tubercles in UCR
21863, UCR 21865, and UCR 21876; toes without medial supernumerary tubercles in UCR 21863 and UCR
21865; dorsum with a pair of broad lateral light stripes extending from the snout to the groin, these stripes are
divided by a pair of dark stripes extending from the axillar level to the groin, forming a stripe pattern in UCR
21876, with a pair of lateral light stripes extending from the orbit to the groin in UCR 21865; labial marks absent in
UCR 21863; supratympanic mark absent in UCR 21876.
Variation in other specimens not observed in paratypes. Some specimens with the snout subelliptical in
dorsal view; canthus-rostralis rounded in some; others with vomerine teeth obtuse; some specimens with a pair of
dorsolateral folds extending from the orbit to the anus; lateral folds variable to absent, from the orbit to groin, from
the orbit to anus, from the axillary level to sacrum and from the axillary level to groin; supratympanic fold
distinctly curved downwards present in several specimens; some with only one postrictal tubercle; a specimen with
inner tarsal fold complete; the inguinal gland was elevated and prominent in some individuals, in others this was
not evident, although we did not observe a relation between this characteristic and sex. Some specimens with four
or five ulnar tubercles in a row; some without grooves in fingers; at least one specimen with disk expanded in
Fingers III and IV; webbing between Toes I-II can reach proximal subarticular tubercle, the web between Toes IIIII-IV can reach least half of the proximal phalanx.
Patterns variation. In comparison with the other species of the C. podiciferus species group, C. gabbi had low
levels of dorsal color pattern variation. The holotype had the formula MZ1OQ (mottled dorsal pattern with stripe
supratympanic, skin texture irregularly granular and a pair of dorsal ridges); this formula was present in 25% of the
specimens. The most common formula was UZ1OQ at 34.4%, described by Savage & Emerson (1970) as Morpho
V. The following formulae were also observed: LZ1OQ present in 9.4%; UZ1NQ, MOQ, and MO present in 6.3%;
UZ2OQ, LZ1NQ, LOQ, and MZ1NQ present in 3.1%.

FIGURE 5. Comparison of the thenar and palmar tubercles. a) Craugastor gabbi sp. nov. holotype (UCR 21864) showing
smaller size of thenar tubercle compared to the palmar tubercle and b) C. bransfordii (CRARC0177) of Turrialba, Costa Rica
showing thenar tubercle to be equal to or slightly smaller than the palmar tubercle. This condition is also seen in C. underwoodi
and C. polyptychus. Photo A by E.A and B by Brian Kubicki.
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FIGURE 6. Ventral coloration. a) Craugastor gabbi sp. nov. paratype (UCR 21876), with the dark pigment reaching the
midline and b) C. stejnegerianus (UCR 20885) of Palmar Norte, Costa Rica showing immaculate venter. Photos by Mauricio
Calderón-Rivera.

The dorsal background color ranged from light gray to blackish brown; at least one individual presented
longitudinal lines from the orbit to groin, light color on a dark background, and another two specimens presented
dark lines on a light background. In eight individuals, the pattern of contrasting mottles was strongly prominent.
The throat color varied from cream to dark brown, strongly contrasting with the lighter-colored venter. No
association between the throat color and sex was observed. At least one individual had a well-defined mask, and
the head of another was completely black. The supratympanic dark mark was present in most, but not all,
individuals; labial bars were also present in most, but not all, specimens.
Natural history notes. Craugastor gabbi is abundant in the Fila Costeña, Coto Brus region. Santos-Barrera et
al. (2008) reported this species at 21 of the 27 study sites, stating that C. gabbi was the most abundant amphibian in
the forest and the coffee plantations and was also present in pastures. Usually, this species is associated with leaf
litter. This species may reach densities of up 4586 individuals/ha (Scott 1976). Craugastor gabbi is diurnal (Savage
2002) and reproductively active throughout the year (Santos-Barrera et al. 2008). The type series was found
together in a patch of primary forest, active at approximately 12:00 h on the leaf litter and away from any body of
water. No reproductive activity was observed, and no calls were recorded. The call is unknown, but it is likely an
inconspicuous single slow squeak, as reported for C. stejnegerianus (Savage 2002). We did not find gravid females,
and pairs in amplexus were not observed.
Geographic distribution. Craugastor gabbi is restricted to the premontane forest near the type locality of Fila
Costeña, Costa Rica and the premontane forest of Cordillera de Talamanca in the extreme southwestern region of
Costa Rica and western Panama near the present international border (Fig. 1). The altitudinal range of the new
species is 1100–1280 m elevation. Craugastor gabbi overlaps with the range of C. underwoodi and C. podiciferus
at the Las Cruces Biological Station, Fila Costeña, Coto Brus.
Etymology. This species is named in honor of paleontologist William M. Gabb in recognition of his important
contribution to the herpetology of Costa Rica as an explorer and collector, mainly in the Talamanca region.
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Discussion
In previous studies, molecular (Crawford 2003) and cytogenetic analyses (Chen 2001) of Craugastor
stejnegerianus from the premontane forest of the Fila Costeña and the lowlands South Pacific of Costa Rica near
Panama showed large genetic distances. Our taxonomic re-assessment using morphological and molecular data led
us to elevate to the species level populations of the premontane forest as distinct from the lowlands populations. We
found that C. gabbi differ from typical C. stejnegerianus by a combination of morphological traits as determined
using discriminant function analyses, differences in ventral coloration and genetic differentiation at the 16S gen.
Following the criteria of Pérez-Ponce de León & Nadler (2010), C. gabbi is not a cryptic species sensu stricto,
although in the past this species was masked under C. stejnegerianus due their high degree of morphological
similarity (functional definition of cryptic species). Our molecular analyses rejected the null hypothesis that C.
stejnegerianus represent a single species, and our detailed morphological analyses showed morphological
differences between both species, allowing a proper morphological diagnosis and species description.
The 16S gene fragment used here has been suggested as a DNA barcode marker for amphibian diversity
inventories (Vences et al. 2005) to complement the standard COI-5’ marker used in general for animals (Smith et
al. 2008). The uncorrected genetic distance of 4.5% at the 16S gene observed between the premontane populations
now assigned to C. gabbi and the lowlands South Pacific populations of C. stejnegerianus, is greater than the
suggested threshold of 3% for flagging the potential cryptic species of Neotropical frogs (Fouquet et al. 2007). It is
also substantially higher than the 1.8% genetic distance at 16S found by Hertz et al. (2012) in separating a recently
described new species of arboreal Terrarana from Panama. Thus, our single mtDNA marker offers additional
support for the specific status of the new species. Furthermore, based on genetic divergence at the mitochondrial
ND2 gene, Crawford (2003) estimated that the Las Cruces Biological Station (Fila Costeña) population (now C.
gabbi) diverged from the lowland populations (Palmar Norte and Rincón de Osa) of C. stejnegerianus between
6.25 and 10.3 million years ago (Ma), demonstrating the long-term evolutionary independence of these two
lineages, which were formerly regarded as conspecific. Although the Fila Costeña and Palmar Norte localities are
only 25 km apart (Fig. 1), these populations are separated by at least 1100 m in elevation. Based on the genetic
data, their estimated divergence time corresponds perfectly with the rise of the Fila Costeña at 12.80–11.67 Ma
(MacMillan et al. 2004). Our findings, therefore, agree with Bickford et al. (2007) in rejecting the common
assumption that cryptic species are recently diverged and remind us that morphological homoplasy presents a
challenge to amphibian taxonomy (Wake 2009).
We believe that the separation of C. gabbi from C. stejnegerianus is the beginning of the resolution of this
group of highly similar frogs, treated as “cryptic species” in the taxonomic practice and in agreement with the
functional definition of cryptic species by Pérez-Ponce de León & Nadler (2010). Craugastor stejnegerianus is
distributed along the Pacific coast of Costa Rica from the Panamanian border northward to the Cordillera de
Tilarán (Crawford 2003). The Cordillera de Tilarán populations could potentially represent yet one more
undescribed species distinct from C. stejnegerianus (Crawford 2003; J. Savage, pers. comm.), which could
eventually leave C. stejnegerianus restricted to the Pacific lowlands, roughly south of the City of Puntarenas.
Additional taxonomic work is needed to complete the understanding of these diverse and locally abundant leaflitter frogs.
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APPENDIX. Specimens examined.
All voucher numbers below are ‘UCR’ numbers, and the specimens were housed at the Museo de Zoología at the Universidad
de Costa Rica.
Craugastor stejnegerianus
COSTA RICA: Puntarenas: Bahía Ballena, Osa (19272, 19277, 19278, 19282–19284, 19324–19326, 19328, 19353,
19527–19529, 19546–19548, 19589); Potrero Grande, Buenos Aires (20307–20309, 20346, 20352); Golfito, Golfito (11969,
11970, 12246, 12272–12289, 14958, 14959); Palmar, Osa (7865, 7866, 9057, 20885, 22136, 22137); Pavón, Golfito
(12717–12719, 21494); Puerto Cortés, Osa (14230, 14235, 14244); Puerto Jiménez, Golfito (11302, 11305, 11306, 11308,
11311–11313, 16277, 16340, 16341, 18339, 18340, 18356–18359, 18361–18364, 19230, 20454); Savegre, Aguirre (14306,
14536, 14569, 14706, 14734, 15980, 15986, 16163); Sierpe, Osa (799, 800, 1081–1084, 1158, 3558–3560, 4576, 6400, 8733,
11309, 11350, 11351, 11621, 13673, 13674, 13683, 13684, 16275, 16276, 16345–16349, 16571–16575). San José: Barú, Pérez
Zeledón (5010, 5011, 14737, 16330–16334, 16336, 22100, 22101, 22103); Daniel Flores, Pérez Zeledón (4234–4239);
Platanares, Pérez Zeledón (15991, 15993, 15994); Rivas, Pérez Zeledón (16278–16280, 22127, 22128, 22131, 22132); San
Isidro del General (5097–5101)
Craugastor gabbi sp. nov.
COSTA RICA: Puntarenas: Aguabuena, Coto Brus (13242, 15830, 15832, 15833); Sabalito, Coto Brus (8684, 15834);
San Vito, Coto Brus (8644, 8645, 12507–12512, 12514, 12524–12526, 12935, 13237, 13240, 13241, 14671–14673, 18531–
18535, 21863–21865, 21867, 21876).
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