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and-ridge sculpturing of frontoparietals, sphenethmoid, 
nasals and maxillae (Lansac et al. 2021: Fig. 6), a dors-
oventrally expanded maxilla in lateral view, and a small 
optic fenestra. The same is true for the skull of CBG 1034 
from La Siberia, 2750 m a.s.l. (allocated to G. splendens by 

Lansac et al. 2021), which is rather similar to the skull of 
MNKA 7157. Both mentioned skulls (CBG 1034, MNKA 
7157) are similar to that of the G. lauzuricae holotype in 
sharing a distinct pit-and-ridge sculpturing of frontoparie
tals, sphenethmoid, nasals and maxillae. However, only in 

Figure 5. Dorsal (top row) and ventral (middle row) views, and lateral views of the heads (bottom row) of preserved type specimens 
of Gastrotheca piperata (left) and Gastrotheca lauzuricae (right) from Bolivian montane forest regions. Respective views figured at the 
same scale. Photographs of G. lauzuricae by J. C. Señaris.
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G. lauzuricae these dermal bones are entirely synostosed. 
Slight differences are also obvious in differently shaped 
frontoparietals, sphenetmoid, and vomers. However, with 
the current data at hand we are unable to provide any con-
clusive interpretation of the observed variation.

In summary, skulls from Gastrotheca specimens used by 
Lansac et al. (2021) and originating from Bolivian mon-
tane forests of the Departamento Santa Cruz and the east-
ernmost Departamento Cochabamba, and including the 
holotype of G. lauzuricae, are all rather similar in charac-
ters and share a distinct sculpturing of dermal bones, a rel-
atively small size of the optic fenestra and a dorsoventrally 
expanded maxilla. The male G. piperata paratype ZFMK 
66893, originating from the same area, is also in respective 
agreement, but differs slightly by a slender maxilla. Skulls 
of G. piperata from its type locality Sehuencas, Carrasco 
National Park, Departamento Cochabamba, show some 
variation with respect to the degree of dermal sculpturing, 
ranging from sculpturing being completely absent (ZFMK 
66839) to presence of a shallow pit-and-ridge sculpturing 
entirely covering the dermal bones (ZFMK 60287). How-
ever, all osteologically studied topotypes of G. piperata 
agree in the relatively large size of the optic fenestra and 
a slender maxilla, and thus differ in these character states 
from studied specimens with a more eastern origin (except 
for the slender maxilla in ZFMK 66893).

Although we pointed to certain differences in exter-
nal morphology and osteology between the name-bearing 
types of G. lauzuricae and G. piperata, when taking into 
account available information for other Bolivian montane 
forest specimens and populations, data are hardly conclu-
sive with respect to the specific distinctness of both nomi-
nal taxa. At the current state, we are unable to judge wheth-
er the observed differences display variation in a single spe-
cies occupying most of the Bolivian montane forests of the 
Departamentos Cochabamba and Santa Cruz as proposed 
by Lansac et al. (2021), or represent species-specific dif-
ferences, indicating the existence of more than one species 
in this respective region. Although widespread species of 
Gastrotheca are known, in most cases these refer to species 
occurring in high-altitude puna habitats, like for example 
G. marsupiata, G. peruana or G. pseustes. When referring 
to Andean montane forest inhabiting species of Gastro­
theca, ranges are usually much smaller (e.g., Duellman 

Figure 6. Straight dorsal views of the heads of the preserved holotype specimens of Hyla splendens, Gastrotheca lauzuricae and 
G. piperata. Note rugose skin on head and snout of H. splendens, and slight differences between G. lauzuricae and G. piperata in rela-
tive snout length and outline of the canthus rostralis. Not to scale. Photograph of G. lauzuricae by J. C. Señaris.

Figure 7. Dorsolateral views of adult female holotypes of (a) Gas­
trotheca lauzuricae (EBD 37379H; SVL 35.8 mm) and (b) Gas­
trotheca piperata (ZFMK 66838; SVL 36.5 mm) in life.



275

Identity of Hyla splendens and taxonomy of Bolivian Gastrotheca

Figure 8. Images produced from micro CT-scanning showing comparative cranial osteology of the female holotypes of Gastrotheca 
lauzuricae (left column) and Gastrotheca piperata (right column). From top to bottom, skulls in dorsal, ventral, lateral and frontal 
views. Not to scale.



276

Jörn Köhler et al.

2015). An exception is G. testudinea, currently considered 
to occur along the eastern Andean slopes from northern 
Ecuador south to central Bolivia (Duellman 2015, Frost 
2024). However, Köhler (2000a) already suspected that 
nominal G. testudinea likely constitute a complex of spe-
cies, a view later corroborated by a phylogenetic study re-
vealing the paraphyly of this nominal taxon (Echevarría 
et al. 2021). Other studies demonstrated the presence of 
species-level lineages within nominal species of Gastrothe­
ca distinguished by only subtle morphological differenc-
es (e.g., Duellman et al. 2014, Carvajal-Endara et al. 
2019). Taking into account such results and given the cur-
rent knowledge for other anuran genera occurring in Boliv-
ian montane forests along the eastern Andean slopes, like, 
for example, Boana, Oreobates, and Yunganastes (Köhler 
et al. 2010, Köhler & Padial 2016, Padial et al. 2007), 
a parallel scenario of multiple species occurring largely in 
sympatry and/or close parapatry seems also possible for 
Bolivian montane forest Gastrotheca. A faint indication for 
such a situation is some genetic diversification among the 

Bolivian montane forest populations in question revealed 
by phylogenetic studies (Castroviejo-Fisher et al. 2015, 
Echevarría et al. 2021; but see below).

Although we are unable to exclude the possibility that 
G. piperata is specifically distinct from G. lauzuricae and 
represents a valid taxon, due to a lack of unambiguously 
conclusive data, we here provisionally continue to consid-
er Gastrotheca piperata Duellman & Köhler, 2005 a jun-
ior synonym of Gastrotheca lauzuricae De la Riva, 1992, 
as implied by Lansac et al. (2021). With this decision, we 
follow the proposed principle of ‘parsimony of taxonomic 
changes’ (see Scherz et al. 2017). 

Status of Hylodes coeruleomaculatus

Hylodes coeruleomaculatus Werner, 1899 has been de-
scribed based on two syntypes (NHMW 16496:1–2; 
Fig. 10), both of which appear to be non-adult male speci-
mens. Currently, the species is tentatively considered val-

Figure 9. Images produced from micro-CT scanning showing comparative cranial osteology of Gastrotheca piperata paratypes. From 
top to bottom, skulls in dorsal, ventral, lateral and frontal views. Specimens ZFMK 60287, 60291 (adult females) and ZFMK 66839 
(adult male) originate from the type locality Sehuencas, 2150 m a.s.l., Departamento Cochabamba, Bolivia, whereas the paratype 
ZFMK 66893 (adult male) originates from La Siberia, 2800 m a.s.l., Departamento Cochabamba, Bolivia. Not to scale.
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id under the name Gastrotheca coeruleomaculata (errone-
ously spelled G. coeruleomaculatus in several publications; 
the gender of Gastrotheca is feminine; see Frost 2024) 
and considered to be the name applicable to populations 
occurring in the Yungas montane rainforests in Departa-
mento La Paz, Bolivia (Lansac et al. 2021). This proposal 
was based on the fact that the type locality “Bolivia (Cha-
co)” (Werner 1899) most probably corresponds to a so-
called locality situated at 16º20’55” S, 67º49’05” W, 2042 m 
a.s.l., in the Yungas de La Paz, Bolivia (see Lansac et al. 
2021), a locality from which Werner (1899) also described 
Telmatobius verrucosus and Hylodes gollmeri var. bisigna­

ta (= Yunganastes bisignatus) (De la Riva 2005, Padial 
et al. 2007). Although the syntypes exhibit several char-
acters that would also be in agreement with the external 
morphology documented for G. marsupiata, including 
the dorsal color pattern of NHMW 16496:1 (Fig. 10), we 
here tentatively continue to consider the name G. coeruleo­
maculata to correspond to a population originating from a 
montane forest location in the Yungas de La Paz, Bolivia, 
sensu Lansac et al. (2021), an area from where G. marsu­
piata is unknown. Lansac et al. (2021) pointed to a Gastro­
theca population from the Yungas de La Paz reported by 
Pacheco (2015) and figured one living adult female of this 

Figure 10. Preserved type specimens of nominal taxa associated with Bolivian Gastrotheca (Nototrema bolivianum, Hylodes coeruleo­
maculatus) in dorsolateral views (top row), ventral views (middle row), and lateral profile of the heads (bottom row). Respective views 
figured at the same scale. Photographs by C. Potter.
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population in dorsolateral and ventral views (Lansac et al. 
2021: Fig. 7). The ventral surfaces of the respective individ-
ual show a striking pattern of different colors, including a 
yellowish-cream throat, a belly with blue, green and yellow 
colors, and orange ventral surfaces of thighs. Remarkably, 
the syntype NHMW 16496:1 exhibits a distinctive pattern 
of colors on its ventral surfaces (Fig. 10), somehow remind-
ing that of the individual photographed in life: throat and 
chest pale orange-tan, with some of this color extending 
to the anterior belly, belly greyish, and ventral surfaces of 
thighs orange-cream. This ventral color pattern may in-
deed argue for conspecifity of G. coeruleomaculata with the 
reported population, but further studies, once specimens 
from the Yungas de La Paz become available, are needed 
to confirm or reject this hypothesis (Lansac et al. 2021).

Status of Nototrema bolivianum

Nototrema bolivianum Steindachner, 1892 was placed in 
the synonymy of Gastrotheca marsupiata by Duellman & 
Fritts (1972), who also designated the specimen NHMW 
16490 as lectotype. This view was later followed by Du-
ellman & Köhler (2005) and Duellman (2015). Char-
acteristics of the adult female lectotype (Fig. 10) are con-
cordant with G. marsupiata as currently defined (sensu 
Duellman 2015), with a body size (SVL 42.8 mm) and 
dorsal color pattern falling into its documented intra-spe-
cific variation, the snout acutely rounded in dorsal view 
and rounded in profile, canthus rostralis rounded in cross-
section, and dorsal skin densely covered by flat, round-
ed pustules (termed warts by Steindachner 1892). This 
combination of characters distinguishes N. bolivianum 
from G. splendens, G. lauzuricae and G. piperata and we 
thus here confirm its synonymy with G. marsupiata. As 
already stated by Duellman & Köhler (2005), the type 
locality of N. bolivianum “Bolivia, Provinz Yuracares, bei 
Puerto de S. Mateo am oberen Chaparé” (Steindachner 
1892) most probably corresponds to a locality at the An-
dean foot in the Departamento Cochabamba, Bolivia, an 
area from where G. marsupiata is unknown, as it occurs 
at much higher elevations (2500–4360 m a.s.l.; Duellman 
2015). Therefore, the type locality probably is in error (see 
Duellman & Köhler 2005).

Comments on Leptodactylus andicola

Although not the focus of this contribution, the taxon 
Leptodactylus (Plectromantis) andicola Boettger, 1891 
deserves some comments. The species, originating from 
the vicinity of Sorata (Departamento La Paz), Bolivia, was 
described by Boettger (1891) in a fairly detailed man-
ner. However, as the type is apparently lost (Heyer 1978), 
its identity remains obscure. Heyer (1978) associated the 
name with the genus Eleutherodactylus without further ex-
planation, but probably based on the fact that Boettger 
(1891) described well-developed and slightly triangular 

discs on fingers. Later, Lynch & McDiarmid (1987) noted 
some striking agreement of Boettger’s (1891) description 
with Gastrotheca marsupiata. Although Lynch & McDi-
armid (1987) did not formally place L. andicola as a junior 
synonym of G. marsupiata, it is since treated as such (see 
Frost 2024).

Reviewing Boettger’s (1891) description again and tak-
ing into account current knowledge, we come to a different 
conclusion. Among the characters mentioned by Boett-
ger (1891) are: first and second finger equal in length; fin-
gers and toes bearing narrow lateral fringes; well-devel-
oped [expanded] somewhat triangular discs on fingers and 
toes; prominent whitish tarsal fold; two metatarsal tuber-
cles, inner oval, outer round; skin on dorsum finely granu-
lar, some single larger warts on flanks; distinct supratym-
panic fold; tibiotarsal articulation reaching slightly beyond 
tip of snout [when hindlegs flexed perpendicular to body]; 
black frenal stripe, black supratympanic stripe; lips red-
dish-white with black flecks or cube-like bars; limbs with 
indistinct dark transversal bars; venter yellowish-brown 
with blackish marbling on throat, chest and inner side of 
shanks. These characters as well as the SVL of 48 mm are 
in agreement with species of Yunganastes, like e.g., Y. bi­
signatus, known from montane forests of the Departamen-
to La Paz, Bolivia (see Köhler 2000a, Padial et al. 2007, 
Ocampo et al. 2020). The character of the first and second 
finger being equal in length is also covered by known spe-
cies of Yunganastes with the first finger being only slightly 
longer than the second in Y. ashkapara and Y. fraudator 
(Köhler 2000b, Lynch & McDiarmid 1987), very slightly 
longer or equal in length in Y. pluvicanorus (De la Riva 
& Lynch 1997), or first finger being even slightly shorter 
than second in Y. mercedesae (Lynch & McDiarmid 1987). 
Although Boettger (1891) did not mention the presence 
of dorsolateral folds typically present in Yunganastes, these 
can be indistinct in some species or individuals in the ge-
nus (see Lynch & McDiarmid 1987, Ocampo et al. 2020). 

In contrast, Boettger’s (1891) diagnostic characters are 
not in agreement with Gastrotheca marsupiata as currently 
defined (Duellman 2015). The description of L. andicola 
differs in the following aspects from G. marsupiata (char-
acters of the latter in parentheses): first and second finger 
equal in length (first finger shorter than second); well-de-
veloped triangular discs on fingers and toes (small round 
discs); fingers with narrow lateral fringes (absent); round 
outer metatarsal tubercle (absent); prominent tarsal fold 
along 1/3 of tarsus (weak tarsal fold on distal half of tar-
sus); lips with black flecks or bars (absent); and tibiotarsal 
articulation reaching beyond tip of snout (reaching level 
of eye).

Thus, we conclude that Leptodactylus andicola is not 
synonymous with Gastrotheca marsupiata, but probably 
assignable to a species of Yunganastes, some of which are 
known to occur close to the type locality of L. andicola in 
the montane forests of the Departamento La Paz, Bolivia 
(see Padial et al. 2007, Ocampo et al. 2020). However, as 
it is impossible to assign the name to a certain population 
based on Boettger’s (1891) description alone and given 



279

Identity of Hyla splendens and taxonomy of Bolivian Gastrotheca

that the type is lost, we consider Leptodactylus (Plectro­
mantis) andicola Boettger, 1891 a nomen dubium, as al-
ready implied by De la Riva (1990).

Genetics of Bolivian montane forest populations

Samples of Bolivian montane forest Gastrotheca have so far 
been included in two major contributions on hemiphra-
ctid phylogeny (Castroviejo-Fisher et al. 2015, Eche-
varría et al. 2021). Both studies used the same sampling 
of Bolivian montane forest Gastrotheca which they re-
ferred to as Gastrotheca sp. 1–3 given the unsolved taxon-
omy of these populations. However, these studies did not 
aim at the clarification of alpha taxonomy, but focused on 
the relationships of genera and species groups. For their 
multigene phylogenetic approaches both contributions 
used gene sequences generated from multiple specimens 
for single terminals. Their Gastrotheca sp. 2 contained se-
quences of the specimen MNK 5286 (from PN Amboró, 
Prov. Caballero, Departamento Santa Cruz) and speci-
men CBG 1020 (from Karahuasi, Departamento Cocha-
bamba). In an erroneous statement, Castroviejo-Fisher 
et al. (2015) claimed that MNK 5286 was redetermined as 
G. piperata by Duellman & Köhler (2005), whereas they 
flagged CBG 1020 as G. lauzuricae. Moreover, the terminal 
named G. sp. 3 by Castroviejo-Fisher et al. (2015) and 
Echevarría et al. (2021) is composed of sequences gen-
erated from ZFMK 66954, a juvenile of 17.7 mm SVL with 
a striped dorsum (from Incachaca, Departamento Cocha-
bamba) and MNCN 43052 (from Camino de los tubos del 
Puente Penstock, Departamento Cochabamba). Apparent-
ly, this mixing of different specimens for single terminals 
was based on unpublished results of 27 samples and three 
genes of Bolivian Gastrotheca resulting in three non-sister 
lineages (see Castroviejo-Fisher et al. 2015), but the au-
thors did not further explain their action. Later, Echevar-
ría et al. (2021), using the same combined sampling for 
G. sp. 1–3, stated that they did not include samples of the 
nominal taxa G. piperata and G. splendens. In view of the 
problematic taxonomy of the considered Bolivian popula-
tions, the available phylogenetic data are thus inappropri-
ate to provide insight at the species level.

Nevertheless, both phylogenetic analyses (Castrovie-
jo-Fisher et al. 2015, Echevarría et al. 2021) basically 
revealed the same relationships of the respective Bolivian 
populations, with Gastrotheca sp. 1–3 included in a clade 
containing G. marsupiata, G. christiani, G. chrysosticta and 
G. gracilis. Differentiation among the lineages in this clade 
was moderate, but at a similar level when compared to oth-
er species-level lineages within the G. marsupiata species 
group (see also Fig. 3).

Given that available morphological and osteological 
data are partly inconclusive, the analysis of sequences from 
respective name-bearing type specimens, or at least topo-
types, appears to be crucial to shed light on the relation-
ships and species delimitation among Bolivian montane 
forest Gastrotheca and the potential nominal taxa involved. 

So far, no sample of G. piperata from the type locality or 
the type series has been included in any molecular genetic 
analysis, nor have been samples of specimens unequivocal-
ly identifiable as G. lauzuricae or G. coeruleomaculata. Fu-
ture molecular approaches should take the effort of trying 
to extract and sequence archival DNA from these name-
bearing types (e.g., Scherz et al. 2020), as otherwise sam-
pling of multiple, potentially closely related species, partly 
occurring in sympatry, may result in even more obfusca-
tion. Such future molecular analyses should also include a 
more comprehensive sampling of Bolivian montane forest 
populations whose identities are in question.

Conclusions

Although the present study is not completely conclusive 
with respect to the majority of populations and nominal 
taxa of Bolivian montane forest Gastrotheca, we here sum-
marize our taxonomic conclusions derived from the inves-
tigation of crucial specimens:

(a) Morphological characters and molecular genetics of 
the holotype of Hyla splendens reveal it as part of the ge-
nus Gastrotheca (G. marsupiata species group) and as be-
ing conspecific with Gastrotheca monticola. Consequently, 
Gastrotheca monticola Barbour & Noble, 1920 is consid-
ered a junior synonym of Hyla splendens Schmidt, 1857, 
with the latter regarded a valid species, Gastrotheca splen­
dens (Schmidt, 1857). Applying the recommendation 
76A.2. of the Code (ICZN 1999), we correct its type locality 
to ‘northwestern Peru’.

(b) The rediscovery of Gastrotheca splendens in Bolivia 
as reported by Duellman & De la Riva (1999) based on a 
Bolivian specimen collected in the 1990s (MNK 1988) is in 
error. None of the Bolivian Gastrotheca populations known 
is referable to the name G. splendens.

(c) Gastrotheca lauzuricae De la Riva, 1992 is not con-
specific with G. splendens and is consequently removed 
from its synonymy where it has been placed by Lansac et 
al. (2021). It is furthermore not conspecific with G. coeru­
leomaculata (see Duellman 2015, Lansac et al. 2021) and 
regarded a valid species occurring (at least) in upper Bo-
livian montane forests at the border of the Departamentos 
Cochabamba and Santa Cruz.

(d) Gastrotheca piperata Duellman & Köhler, 2005 
is not conspecific with G. splendens and is consequently 
removed from its synonymy where it had been placed by 
Lansac et al. (2021). Given the data available, its conspeci-
fity with G. lauzuricae as implied by Lansac et al. (2021) is 
questionable, but remains a possible scenario. Due to this 
inconclusive situation, we apply a principle of parsimony 
of taxonomic changes at the current stage and provisional-
ly regard Gastrotheca piperata Duellman & Köhler, 2005 
representing a junior synonym of Gastrotheca lauzuricae 
De la Riva, 1992, pending future investigations.

(e) The taxonomic status and distribution of Gastrothe­
ca coeruleomaculata (Werner, 1899) is not completely 
conclusive and partly remains obscure. However, we ten-
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tatively continue to consider it a valid species occurring in 
montane forests in the Yungas de La Paz, Bolivia, as pro-
posed by Lansac et al. (2021). 

(f) The taxonomic status of Gastrotheca marsupia­
ta (Duméril & Bibron, 1841) in Bolivia is unquestioned 
when considering it representing populations from the 
high Andean puna habitats. In addition, it is common 
agreement that G. marsupiata may occur close to cloud 
forests or even enter those to a slight extent in some ar-
eas in Bolivia (e.g., Duellman 2015, Lansac et al. 2021). 
We furthermore support the synonymy of Nototrema bo­
livianum (whose type locality most probably is in error) 
and G. marsupiata, as the morphological characters of the 
N. bolivianum lectotype, as well as Steindachner’s (1892) 
description and drawings, are in agreement with the mor-
phology of G. marsupiata as currently defined.

(g) Leptodactylus andicola Boettger, 1891 is removed 
from the synonymy of Gastrotheca marsupiata (Duméril 
& Bibron, 1841) and considered a nomen dubium (lost 
type specimen). The characters provided in the original 
description (Boettger 1891) are in disagreement with 
G. marsupiata but in concordance with species of the ge-
nus Yunganastes and argue for respective affinities.

The results of our study highlight the importance of re-
ferring to name-bearing type specimens when taxonom-
ically revising a certain group of organisms and the par-
ticularly high value of isolating and sequencing archival 
DNA from historical types. As practically demonstrated 
by recent studies on anuran systematics (Rancilhac et 
al. 2020, Scherz et al. 2020, Vences et al. 2021), obtain-
ing DNA barcode sequences from old type specimens in 
many cases is an essential requirement to solve problems 
commonly connected to older taxon names, as, for exam-
ple, uncertain or imprecise type localities, lack of recently 
collected topotypic material, poor state of preservation of 
name-bearing types, and/or morphological crypsis of phy-
logenetically identified species-level lineages. The complex 
taxonomic situation of Bolivian montane forest Gastrothe­
ca, with variation in morphology and osteology that is cur-
rently hardly interpretable taxonomically, calls for such a 
future approach which hopefully will result in genotyped 
name-bearing types and decryption of their relationships 
within a comprehensive populational sampling.
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