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Abstract

Dendropsophus gaucheri is a recently described species which inhabits open areas of the eastern part of the Guiana Shield
and is currently assigned to the D. parviceps species group based on the presence of a subocular cream spot. Herein we
investigate its phylogenetic position including material from the type locality and newly documented populations from
Suriname and Brazil based on mtDNA sequences. The species, as well as D. riveroi which is assigned to the D. minimus
species group, were recovered nested within the D. microcephalus species group which implies the paraphyly of the three
Dendropsophus species groups. Such result, along with other evidences, highlights the need for a thorough revision of the
genus. The genetic distances among D. gaucheri samples studied are low confirming their conspecificity and suggesting
recent connections among populations from open areas currently isolated by rainforest in the lowlands of the Guiana
Shield.
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Introduction

Dendropsophus gaucheri (Lescure & Marty 2000) is a small hylid known only from the type series (three males)
from Sinnamary (5.374133, -52.951412), French Guiana (Lescure & Marty 2000) and by the recent report of nine
specimens collected in ESEC Grão-Pará South (-0.165556, -55.186389), northern Pará, Brazil (Ávila-Pires et al.
2010). 

The phylogenetic position of D. gaucheri remains enigmatic. In the original publication the authors stated that
D. gaucheri, D. luteoocellatus (Roux 1927) and another small yet undescribed species of “Hyla” (“Hyla sp. 1” Les-
cure & Marty 2000); of French Guiana were part of the D. luteoocellatus group whose diagnostic characteristic was
the presence of a subocular cream spot. However, Salducci et al. (2005) recovered “Hyla sp. 1” as allied to D.
minusculus and D. nanus, two members of the D. microcephalus species group. As noted by Faivovich et al. (2005)
the presence of a subocular cream spot is one of the diagnostic characters of the D. parviceps group as defined by
Duellman (1970) and Duellman and Crump (1974). Therefore, Faivovich et al. (2005) retained D. gaucheri and D.
luteoocellatus in the D. parviceps group. Nevertheless, the monophyly of the D. parviceps group is dubious
according to Faivovich et al. (2005). 

Wiens et al. (2006; 2010), Moen and Wiens (2009) and Pyron and Wiens (2011), using molecular data, found
the D. parviceps species group to be in fact paraphyletic given species assigned to it grouped with various other
species groups. To find some species previously assigned to D. parviceps species group in fact related to members
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of the D. minimus species group, among other, is not really surprising given this association had been previously
suggested (Duellman 2001: 859) and the fact that the cohesion of the D. minimus group is also considered dubious
(Faivovich et al. 2005; Moravec et al. 2006). Wiens et al. (2010) also recovered the D. microcephalus and the D.
minimus species groups to be paraphyletic with respect to the position of D. riveroi (minimus group) which lies
nested within the D. microcephalus group.

The distribution of D. gaucheri is also intriguing. The only two available records are approximately 650 km
apart. Ávila-Pires et al. (2010) and Reynolds et al. (2004) also mentioned D. gaucheri from “coastal and isolated
savanna areas in interior Suriname”, without explicit locality information, based on unpublished collection data of
M.S. Hoogmoed (Ávila-Pires et al. 2010; Reynolds et al. 2004). Thus, the species is known to inhabit open areas
on the coast and localities scattered throughout the interior of the Guiana Shield (GS). Fieldwork in Savane Coros-
sony in French Guiana (Field number 62BM; 5.383913, -52.999899; ~3km from the type locality); Lely Mountain
(UTA-A 61325 & 61326; 4.279721, -54.734116) and Sipaliwini (UTA-A 61327 & 8; 2.043847, -56.115875) in
Suriname and Oriximiná (PA) in Brazil (ZUEC 17681 and ZUEC 17682; -1.760755, -55.862838) resulted in the
collection of six specimens that were identified as D. gaucheri according to original description of Lescure and
Marty (2000). These records are the first confirmed records with vouchers of D. gaucheri in Suriname. We also
report the identification of D. gaucheri specimens collected by Miguel T. Rodrigues in Campos de Ariramba (-
1.162823, -55.68512) in 1979 that were deposited in the MZUSP (MZUSP 54051-56). No other hylid occurring in
the GS share such ecological (open habitats of the interior and coast) and distributional characteristics (i.e. GS
endemic). Dendropsophus gaucheri may represent the only open habitat hylid endemic to the GS or may inhabit a
much wider range in the GS further into Amazonia. Still, such pattern is unusual given that it implies either current
migration through forest or past connectivity among these isolates open patches (i.e. Quaternary forest fragmenta-
tion).

Given the questionable monophyly of the D. parviceps group and the patchy distribution of D. gaucheri, we
use molecular data to 1) investigate the phylogenetic position of this species using available Dendropsophus spp.
sequences from GenBank and 2) evaluate the genetic homogeneity among these isolated populations. The deeper
relationships within the genus were investigated by Faivovich et al. (2005), Wiens et al. (2010) and Pyron and-
Wiens (2011) using a much larger dataset and lie beyond the scope of this paper. 

Material and methods

Tissue was taken from thigh muscle or liver and preserved in 95% ethanol. We also added new material for D.
melanargyreus and D. leali from French Guiana. Genomic DNA was extracted using Promega DNA extraction kit.
Two mitochondrial DNA (mtDNA, 12S rDNA and 16S rDNA) fragments were amplified by standard PCR tech-
niques. Primers used for amplification were those described by Salducci et al. (2005). Sequencing was performed
using ABI Big Dye V3.1 (ABI, Foster City, USA) and resolved on an automated sequencer at Macrogen Inc.
(Korea). Sequences were edited and aligned with Sequencher 4.1 (Gene Code Corp, Ann Arbor, USA). Novel
sequences were deposited in GenBank (Table 1). All available homologous Dendropsophus spp. sequences were
retrieved from GenBank among which we selected one representative of each taxon. In five cases (D. nanus, D.
brevifrons, D. minusculus and D. leali) we picked more than one sequence of the same taxon given that previous
(Fouquet et al. 2007; Wiens et al. 2006) and preliminary analyses demonstrated that these species display highly
divergent lineages. Thus, we could perform a formal test of the monophyly of almost all groups except for the D.
garagoensis group (that still lacks available sequences), the D. colombianus and the D. minutus groups for which
we only included one terminal. Based on the findings of Faivovich et al. (2005), Wiens et al. (2006; 2010) and
Pyron and Wiens (2011) we used Xenohyla Izecksohn 1998 [X. truncata (Izecksohn 1959)], Pseudis Wagler 1830
[P. paradoxa (Linnaeus 1758)] and Scarthyla Duellman & de Sá 1988 [S. goinorum (Bokermann 1962a)], as out-
group (Table 1) and root the trees with Pseudis + Scarthyla. 

Preliminary alignment of the sequences was performed with Clustal X (Thompson et al. 1997) with default set-
tings and obvious misalignments such as misplaced terminal nucleotides were manually corrected. Phylogenetic
analyses were performed using Maximum Parsimony (MP) and Bayesian analysis (BA). We employed MP with
PAUP 4.0b10 (Swofford 1993). Tree search was performed in PAUP with the heuristic search option, with default
search settings, and tree bisection-reconnection (TBR) branch swapping. Trees were obtained via simple stepwise
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addition and gaps treated as missing character. Support for proposed clades was assessed via 5000 nonparametric
bootstrap pseudoreplicates (Efron 1979; Felsenstein 1985) that was calculated using the same search settings
except for initial random taxon additions replicates (100) per pseudoreplicate. Consensus level followed the 50%
majority-rule.

BA was performed with MrBayes 3.1 (Huelsenbeck & Ronquist 2001). We selected the GTR+I+G model of
sequence evolution with MrModeltest version 2.3 (Nylander 2004) according to the Akaike Information Criterion
(Akaike 1981). Bayesian analysis consisted of two independent runs of 3.0 x 107 generations with random starting
trees and 10 Markov chains (one cold) sampled every 1000 generations. Adequate burn-in was determined by
examining a plot of the likelihood scores of the heated chains for convergence on stationarity as well as the effec-
tive sample size of values in Tracer version 1.5 (Rambaut & Drummond 2003).

Results and discussion

We obtained a final alignment of 808 bp and found 402 characters to be constant and 315 characters parsimony-
informative. Convergence was rapidly reached and all the parameter’s ESS were very high. No incongruence
between BA and MP were observed and degrees of resolution were similar. Although the overall topology is con-
gruent with previous analysis (Faivovich et al. 2005; Wiens et al. 2006; Wiens et al. 2010; Pyron & Wiens 2011)
supports and resolution for the basal nodes of the tree are low (Fig. 1). Nevertheless, the analyses bring new infor-
mation on the phylogenetic position of D. gaucheri and its evolutionary history as well as insights into different
Dendropsophus species groups. 

FIGURE 1. Phylogenetic relationships of the genus Dendropsophus hypothesized from Bayesian analysis using 808 bp of
combined mtDNA sequences (12S+16S). Nodal supports represent BA posterior probabilities (*100) and MP bootstrap values
(in %). Posterior probabilities ≥ 0.95 and bootstrap values ≥ 95% are indicated with * and "-" are used to indicate bootstrap sup-
port <50%. The map illustrates the six known localities of occurrence of D. gaucheri with in filled black the populations
included in the molecular dataset and in open circles the two other populations in Pará, one reported by Avila-Pires et al. (2010)
and one represented by specimens in the MZUSP collection that were newly identified.
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Taxonomic considerations

One of the most striking results of the phylogenetic reconstruction is the paraphyly of the D. parviceps group with
respect to D. gaucheri which is nested within the D. microcephalus group (Fig. 1) with strong supports. Other spe-
cies of the D. microcephalus group, like D. branneri and D. werneri for example, have a subocular cream spot as
found in D. gaucheri (see Cochran 1955; Pombal & Bastos 1998; Köhler et al. 2005), a character that was thought
to be diagnostic of the D. parviceps group. However, the association of these species to the D. microcephalus group
has previously been suggested according to overall morphology and call characters (see Pombal & Bastos 1998).
Clearly, these groups need reevaluation as more species today assigned to the D. parviceps group could actually be
related to species in the D. microcephalus group or even other species groups.

FIGURE 2. a. Picture of an uncollected calling male taken in Sipaliwini, Suriname. b. specimen from Oriximiná voucher
ZUEC 17682 (18.84mm) the white bar stands for 1cm; c. dorsal and ventral view of a preserved specimen from Campos de
Ariramba, PA, Brazil, voucher MZUSP 54055 (20mm). The white bar stands for 1cm.

The D. minimus species group also appears paraphyletic with respect of the position of D. riveroi, a result
already documented by Wiens et al. (2010), which is also nested within the D. microcephalus species group with
strong support. The D. microcephalus group is a large group and is “probably the most taxonomically frustrating
complex of hylid frogs in the American tropics” (Duellman 1982) due to the high levels of morphological similar-
ity among species and high levels of intraspecific variation (see Duellman & Fouquette 1968; Duellman 1982;
Pombal & Bastos 1998; Köhler & Lötters 2001; Köhler et al. 2005; Moravec et al. 2006; 2008). The only proposed
morphological synapomorphy for this group is the lack of labial tooth rows and marginal papillae (Duellman &
Trueb 1983) [with a reversal in the Dendropsophus decipiens clade; see Faivovich et al. (2005)]. The two other
members of the D. minimus group; D. myatai and D. aperomeus cluster with two more species groups (respectively
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with D. leucophyllatus and with D. minutus) but the supports for this paraphyly are low. Nevertheless, these para-
phyletic positions were also recovered by Wiens et al. (2010). Thus, it is indicative that the D. minimus species
group is also heterogeneous and needs revision. Given we still lack information about D. minimus and that the posi-
tions of D. myatai and D. aperomeus are ambiguous it remains too early for any taxonomical changes to be taken.

It is interesting to note that D. nanus was recovered as paraphyletic with respect to D. walfordi in our analysis,
a topology already recovered by Fouquet et al. (2007). These species, considered synonyms by Lutz (1973), have
consistently been recovered as a monophyletic unit in previous analysis (see Faivovich et al. 2005; Wiens et al.
2006; 2010; Moen & Wiens 2009; Pyron & Wiens 2011). Much confusion surrounds the taxonomic status of D.
nanus and D. walfordi indeed. The resolution of this problem lies beyond the scope of this paper and the data at
hand are not sufficient. Nevertheless, we suggest two possibilities: Dendropsophus walfordi may be a synonym of
D. nanus, as suggested by Lutz (1973), or our D. nanus sample from French Guiana may be misidentified and
would actually correspond to D. walfordi. The morphological differences between these species are subtle (see
Bokermann 1962b) and, if D. walfordi is indeed a valid species, much of the material in collections could be mis-
identified. Fouquet et al. (2007) commented briefly on genetic distances between sampled populations, however
they were not able to draw any conclusions due to the low number of populations sampled. We strongly recom-
mend that future workers should revisit the status of D. walfordi in relation to D. nanus.

Also, the placement of D. anceps in the D. leucophyllatus group has been subject of dispute (See Faivovich et
al. [2005] and Moen & Wiens [2009] contra Wiens et al. [2006; 2010] and Jungfer et al. [2010]). Here, we found
D. anceps as the sister species of the D. leucophyllatus group although with no significant support. The phylogentic
position of these two species also remain ambiguous in Wiens et al. (2010) and Pyron and Wiens (2011).

In summary, these results highlight the need for an in-depth investigation of the phylogenetic relationships and
a thorough taxonomic revision of the genus Dendropsophus. Based on our and previously published results, the D.
parviceps, the D. minimus and the D. microcephalus species groups, as currently recognized, are paraphyletic.
Consequently, we transfer D. gaucheri and D. riveroi (from Wiens et al. 2010) to the D. microcephalus species
group. 

Dendropsophus gaucheri: Distribution and Evolutionary History

All specimens of D. gaucheri analyzed herein are not only recovered as a monophyletic group but also display
strikingly little genetic distance among them (Mean K2P distance = 0.009). Even if not included in the molecular
analyses the conspecificity of the populations in isolated savannas in Pará (Brazil) is unambiguous. This confirms
the occurrence of D. gaucheri populations over the eastern part of the Guiana shield. This species is co-occurring in
this region with at least four other member of the D. microcephalus group (D. leali, D. minusculus, D. sp. & D.
nanus).

The type locality (Sinnamary, French Guiana) is situated on the oriental limit of a formation of coastal savan-
nas occurring almost continuously through Suriname to the eastern coast of Guyana. According to Ávila-Pires et
al. (2010) D. gaucheri also occurs in coastal savannas of Suriname. Therefore the species probably occurs through-
out this area, possibly as far as Guyana and even Venezuela. On the east however, one hilly forested area on the
French Guiana coast apparently constitutes a barrier that limits the connection with coastal savannas in Amapá
(Brasil). This region represents a distributional edge for many open habitat species (Lescure & Marty 2000). How-
ever, as the species is known to also occur in isolated savannas in the interior of the Guiana shield close to the
Amazon River, it seems likely that D. gaucheri also occurs in the coastal savannas in Amapá. 

Interestingly, the genetic distance between the sample from French Guiana and samples from interior savannas
is low. Given the fragmented distribution of the habitat of this species, this isolation is probably recent. Since the
data are very limited, any further interpretation is subject to caution. Nevertheless, we argue that these data provide
interesting support for hypothesized forest openings during Quaternary, a highly controversial subject (Haffer
2008; Colinvaux et al. 2000; Bush 1994). A similar pattern of isolated populations with low genetic divergence has
been observed in Crotalus durissus by Wüster et al. (2005). They interpreted such pattern in an open habitat spe-
cies as the testimony of dispersal during periods of forest opening in Amazonia. Initially, the observed biogeo-
graphic patterns in Amazonia led Haffer (1969) to suggest isolation of moist forest refugia during periods of
increased aridity coincident with temperate glacial maxima. However, palynology, geomorphology (Colinvaux et
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al. 2000) and climate modeling (Mayle et al. 2004) suggests that Quaternary climatic changes were not strong
enough to produce broad fragmentation of Amazonian forest. Though there is little empirical data supporting broad
scale turnover of biomes (forest vs. savannas) within Amazonia, there is evidence that peripheral and ecotonal
areas, like in the GS, have suffered reduced precipitation and forest fragmentation (Mayle et al. 2004). In French
Guiana, palynological evidence suggests two phases of forest retreat at least during the Holocene (Ledru et al.
2000) and charcoal deposits indicate widespread burning during this time (Charles-Dominique et al. 1998). More-
over, patches of savanna and different types of forests peppered through the eastern GS are the testimony of these
recent changes in vegetation distribution (Servant 2000). Further investigation focusing on comparing phylogeo-
graphic patterns across open habitat adapted species vs. forest adapted species should provide important insights
into how these changes have impacted biodiversity in Amazonia.
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