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graphic distribution of Hydrolaetare, and provide a brief 
account on how Hydrolaetare species can be distinguished 
from one another based on external morphological charac-
ters of live or preserved specimens. 

Material and methods

Between January 2011 and November 2013 we collected 
four Hydrolaetare dantasi and two H. caparu specimens 
during field work conducted in permanent sampling plots 
distributed along the interfluve between the rivers Madei-
ra and Purus, in Brazil. Detailed location data and dimen-
sions of sampling plots are available from the Programa 
de Pesquisa em Biodiversidade website (http://ppbio.inpa.
gov.br/sitios), under “BR 319” and “Módulos do Madeira” 
designations. We surveyed the herpetology sections of the 
zoological collections of the Instituto Nacional de Pesqui-
sas da Amazônia, Manaus, Amazonas, Brazil (INPA-H) 
and Coleção de Referência da Herpetofauna de Rondônia 
(UFRO-H) at Universidade Federal de Rondônia – UNIR, 
Porto Velho, Rondônia, Brazil, for additional records. 
Specimens examined are listed in the Appendix.

Descriptions of colour in life of specimens are based on 
field notes and photographs by A. P. Lima and R. de Fra-
ga. Colours after preservation are described based on ex-
amined voucher specimens. 

Preserved specimens were examined and measured 
with digital callipers. Measurements were taken as follows: 
snout–vent length (SVL), head length from tip of snout to 
posterior edge of maxilla articulation (HL), head width at 
the level of maxilla articulation (HW), snout length from 
anterior corner of the eye to tip of snout (SL), eye–nostril 

distance from anterior corner of the eye to the centre of 
nostril (EN), internarial distance (IN), eye length from an-
terior to posterior corner (EL), interorbital distance (IOD), 
maximum diameter of tympanum (TYM), distance from 
anterior corner of tympanum to posterior corner of the eye 
(TED), lengths of Fingers I, II, III and IV, from proximal 
edge of palmar tubercle to tip of each finger (F1, F2, F3 and 
F4, respectively), length of palmar tubercle from distal to 
proximal edge (PTL), maximum width of palmar tubercle 
(PTW), length of thenar tubercle from distal to proximal 
edge (TTL), thigh length from the centre of cloacal aper-
ture to the outer edge of flexed knee (THL), tibia length 
from outer edge of flexed knee to heel (TL), tarsus length 
from heel to proximal edge of external metatarsal tubercle 
(TAL), lengths of Toes I, II, III, IV and V from proximal 
edge of external metatarsal tubercle to the tip of each toe 
(T1, T2, T3, T4 and T5, respectively). 

We used principal component analyses (PCA) in order 
to reduce dimensionality and produce a smaller number of 
independent variables that would represent the variation 
in the external morphology of the three species. Analyses 
were conducted both on raw morphometric data (all meas-
urements described above, excluding SVL) and residuals 
of linear regressions between measurements of each in-
dividual and its respective SVL, accounting for morpho-
metric variation independent of body size. We investigated 
the formation of clusters relating to each species on mor-
phometric space graphically by plotting individual scores 
along the first and second principal components gener-
ated by each analysis. In the analyses, we used morpho-
metric data of eight, six and sixteen specimens of H. danta-
si, H. caparu and H. schmidti, respectively. PCA were con-
ducted in Systat 8.0 (Wilkinson, 1990). 

Figure 1. Type localities (stars) and distribution (circles) of the species of the genus Hydrolaetare. Hydrolaetare dantasi (blue), Hydro-
laetare caparu (green) and Hydrolaetare schmidti (red). 
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Figure 2. Dorsolateral and ventral views of Hydrolaetare species and detailed views of fore and hind limbs. From left to right: Hydro-
laetare dantasi, (INPA-H 31966, BR-319 road, State of Amazonas, Brazil – A, D, G, J); Hydrolaetare caparu (INPA-H 31962, munici-
pality of Porto Velho, State of Rondônia, Brazil – B, E, H, K); Hydrolaetare schmidti (INPA-H 31965, Anavilhanas Archipelago, state 
of Amazonas, Brazil – C, F, I, L). Depictions of dorsolateral views (A, B, C) were edited from photographs of live specimens by A. P. 
Lima and R. Fraga. The remaining images are obtained from photographs of the same specimens after preservation in 70% ethanol. 
Scale bars = 10 mm.
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Species identification

The species of Hydrolaetare can be distinguished by a 
combination of colour pattern and external morphologi-
cal characters (Tab. 1). Hydrolaetare caparu is easily distin-
guished by the dark grey or dark brown colour of its throat 
and abdomen, with bright white spots (Fig. 2E), never dark 
brown with yellowish white spots (see Fig. 2 in Boker-
mann 1959) or yellowish white with light to dark brown 
marbling (like in H. dantasi – Fig. 2D), neither cream with 
light to dark brown marbling (Fig. 2F) nor orange with 
light to dark brown marbling (like in H. schmidti). Colours 
usually fade in preserved specimens. At the type locality, 
specimens of H. caparu lack a dark vertebral stripe, and 
this character state was applied to the species diagnosis in 
the original description (Jansen et al. 2007). However, five 
new specimens of H. caparu collected in Rondônia State 
have a conspicuous dark vertebral stripe (Fig. 2B), sug-
gesting that dorsal polychromatism occurs within the spe-
cies’ geographic distribution and that dorsal colour pattern 
should be used with caution as a diagnostic character. 

A principal component analysis on 24 raw morphomet-
ric measurements produced a first and a second compo-
nent that applied to almost 91% of the total variation in 
external morphology of all examined specimens of Hydro-
laetare (Tab. 2). Most of the variation (~87%) was explained 
by the first component. All measurements had high and 
positive loadings on this component, reflecting the influ-
ence of variation in body size on all morphometric traits. 
A second analysis conducted on residuals of regressions of 
the same measurements against individual SVL produced 
first and second components that applied to approximate-
ly 51% of the total variation in external morphology in-
dependent of body size (Tab. 2). Finger and toe measure-
ments had high loadings on the first component, while the 
second carried information on the variation of head and 
hind limb traits. However, no clusters of specimens corre-
sponding to each Hydrolaetare species were evident by in-
specting the distribution of individuals along the first and 
second axes of both analyses (Fig. 3). 

Toe-webbing size variation among examined speci-
mens was: I 1− − (11/3−2−) II (1−−1+) – (2−−2+) III (1−−1+) − 

Table 1. Diagnostic traits useful for distinguishing the three species of Hydrolaetare based on specimens collected in Brazil. Notations 
for webbing formula follow Savage & Heyer (1967, 1997). 

Species Ventral colour in life Toe webbing formula

Hydrolaetare caparu Dark grey or dark brown colour of throat 
and abdomen, with bright white spots 

I 1− − (11/3−2−) II (1−−1+) – (2−−2+) III (1−−1+) − (2−−21/2) 
IV (2−−21/2) – 1− V

Hydrolaetare dantasi Yellowish white with light to dark brown 
marbling 

I (2−−2+) − (21/3−22/3) II (11/3−2−) − (3−−31/4) III (21/2−3+) − (33/4−4+) 
IV (4−−41/3) – (21/2−23/4) V

Hydrolaetare schmidti Cream or pale orange with light to dark 
brown marbling 

I (1−−11/2) − (2−−21/2) II (1−11/3) − (2+−3−) III (1+−+) − (3+−31/3) 
IV (3−−31/2) − (1−2+) V

Figure 3. Distribution of 30 specimens of Hydrolaetare along the first and second principal components generated from principal 
component analyses conducted on (A) raw values of 24 morphometric measurements and (B) residuals of regressions of the same 
measurements against individual snout–vent length. Green triangles = H. caparu; Blue squares = H. dantasi; Red circles = H. schmidti. 
Note the absence of clusters relating to species in both analyses. 
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(2−−21/2) IV (2−−21/2) – 1− V in H. schmidti (Fig. 2L); I (2−−2+) 
− (21/3−22/3) II (11/3−2−) − (3−−3+) III (3−−3+) − (33/4−4+) IV 
(4−−4+) – (21/2−22/3) V in H. dantasi (Fig. 2J); and I (1+−11/2) 
− ( 2−−21/2) II (1+−11/3) − ( 2+−3−) III (1+−2+) − (3+−31/3) IV 
(3−−31/2) − (1+−2+) V in H. caparu (Fig. 2K).Toe-webbing 
size variation has not been noted for H. schmidti in previ-
ous studies (Cochran & Goin 1959, Galardo, 1963, Les-
cure & Marty 2000, Souza & Haddad 2003, Padial & 
De La Riva 2005, Jansen et al. 2007). Toe-webbing size 
variation among examined specimens of H. dantasi and 
H. caparu differs partially from the variation described pre-
viously: Souza & Haddad (2003) described toe-webbing 
size variation in H. dantasi as I 2 − − (21/2−22/3) II (12/3−2−) 
− (3+−31/4) III (21/2−23/4) − (34/5−4) IV (4−41/3) – (22/3−23/4) V. 
In H. caparu (Janzen et al. 2007), toe-webbing size varia-
tion is described as I (1+−1) − 2 II 1 − (21/4−21/2) III (11/2−2−) 
− 3 IV 3 − (1−11/2) V. 

By summarizing the available information on toe-web-
bing variation, we are able to provide more reliable web-
bing formula, demonstrating larger intraspecific variation 
and this is potentially more useful for distinguishing these 
taxa (Tab. 1): H. schmidti can be easily distinguished from 
the other species in the genus by its well-developed toe 
webbings [I 1− − (11/3−2−) II (1−−1+) – (2−−2+) III (1−−1+) − 
(2−−21/2) IV (2−−21/2) – 1− V], which are conspicuously short-
er in H. dantasi [I (2−−2+) − (21/3−22/3) II (11/3−2−) − (3−−31/4) 
III (21/2−3+) − (33/4−4+) IV (4−−41/3) – (21/2−23/4) V] and H. ca-
paru [I (1−−11/2) − (2−−21/2) II (1−11/3) − ( 2+−3−) III (1+−+) − 
(3+−31/3) IV (3−−31/2) − (1−2+) V]. 

The palmar tubercle is conspicuously longer then the 
thenar tubercle in H. caparu originating from Rondônia 
State in Brazil (PTL/TTL = 1.11−1.86, mean = 1.53, n = 6). 
Out of a total of eight specimens of H. dantasi examined, 
five have palmar tubercles that are longer than their then-

Table 2. Loadings of 24 morphometric measurements on the first four principal components generated by a principal component 
analysis based on raw values of each measurement (PC1, PC2, PC3, PC4) and residuals of linear regressions between each measure-
ment and the corresponding snout–vent length (PC1*, PC2*, PC3*, PC4*). Measurements were obtained from 30 preserved specimens 
representing the three species of Hydrolaetare (six H. caparu, eight H. dantasi, and 16 H. schmidti), all collected in Brazil. Values in 
bold indicate measurements with high loadings on the respective principal component. See text for descriptions and definitions of 
morphometric measurements. 

PC1 PC2 PC3 PC4 PC1* PC2* PC3* PC4*

HL 0.962 0.223 0.057 0.082 -0.520 0.663 0.356 0.167
HW 0.968 0.129 0.139 -0.029 -0.363 0.658 -0.346 0.144
SL 0.966 0.185 0.082 0.080 -0.609 0.475 0.304 0.242
EN 0.928 0.190 0.211 0.160 -0.485 0.533 0.015 0.207
IN 0.948 -0.085 0.172 -0.073 0.422 0.412 -0.508 0.090
EL 0.861 0.408 0.046 -0.082 -0.474 0.304 0.260 0.121
IOD 0.830 0.215 -0.051 -0.008 -0.113 0.097 0.345 0.045
TYM 0.922 0.167 0.008 0.128 -0.158 0.347 0.490 0.273
TED 0.912 0.071 0.185 0.226 -0.049 0.630 0.101 0.364
H1 0.967 -0.158 -0.084 0.028 0.809 -0.071 0.288 -0.083
H2 0.982 -0.127 -0.058 -0.020 0.861 0.065 0.269 -0.073
H3 0.954 -0.238 -0.092 0.030 0.866 0.045 0.253 -0.034
H4 0.968 -0.168 -0.125 0.025 0.822 -0.058 0.340 -0.195
PTL 0.798 0.135 -0.523 0.127 0.105 0.001 0.818 -0.099
PTW 0.857 0.221 -0.284 0.083 -0.186 -0.211 0.609 -0.218
TTL 0.739 0.246 -0.049 -0.610 0.020 -0.429 -0.054 0.811
THL 0.979 -0.057 0.043 0.008 0.556 0.521 -0.039 -0.073
TL 0.983 -0.081 0.110 -0.034 0.522 0.609 -0.347 -0.376
TAL 0.987 0.021 0.068 0.017 0.234 0.771 0.079 -0.211
F1 0.970 -0.207 0.009 -0.024 0.822 -0.044 0.014 0.495
F2 0.965 -0.209 -0.025 -0.069 0.844 -0.118 0.029 0.384
F3 0.974 -0.193 0.012 -0.054 0.868 0.021 -0.033 0.396
F4 0.971 -0.181 0.049 -0.012 0.756 0.481 0.006 -0.130
F5 0.933 -0.313 -0.021 -0.080 -0.520 0.663 0.356 0.167

% of total variance explained 86.9 3.8 2.3 2.2 35.5 16.3 10.6 7.9
Eigenvalue 20.861 0.908 0.556 0.533 8.520 3.923 2.545 1.909


