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Geographic and intrapopulational variation in colour and patterns of
an aposematic toad, Melanophryniscus rubriventris

(Amphibia, Anura, Bufonidae)

Maria Ines Bonansea1,2, Marcos Vaira1,2,∗

Abstract. The aposematic toad genus Melanophryniscus is a polymorphic group with noticeable variation in colour and
pattern. Here, we objectively evaluate variation in spectral reflectance and quantify variation in patterning within and among
populations of the species M. rubriventris in NW Argentina. We conducted spectrophotometric analysis on 69 individuals
and recorded dorsal and ventral pattern morphs of 727 individuals from six populations. We found high divergence in the
reflectance spectra, the extent of brightly coloured areas, and the skin alkaloid profiles with no correlation among coloration
varieties, alkaloid profiles, and the geographic distance between populations. Our analyses imply subdivision of sampled
populations groupings based mostly on different dorsal colorations. Our results also reveal that populations with very similar
patterns may differ markedly in colour and vice versa. It is striking that these aposematic toads show a pronounced variation
in colour and patterning among and within populations showing individuals with a conspicuous bright dorsal colouration but
also morphs with a rather cryptic black or drab colouration. However, the known presence of several alkaloids classes in all
populations suggests that all morphs might be equally unpalatable.

Keywords: alkaloids, poison toad, polymorphism, spectral reflectance.

Introduction

Amphibians display an extensive array of colour
and patterning with widespread polymorphisms
for which a variety of mechanisms have been
proposed (Hoffman and Blouin, 2000). Knowl-
edge of variation is of prime importance to
understand the maintenance of polymorphism
(Bond, 2007). Changes in colour are likely
controlled by different evolutionary and devel-
opmental pathways than those which produce
a pattern (Frost-Mason, Morrison and Mason,
1994; Hoffman and Blouin, 2000). The effects
of different types of selection acting on differ-
ent components of individual phenotypes may
result in the composite of colour and patterns
that are ultimately displayed (Grether, Kolluru
and Merissian, 2004; Wollenberg et al., 2008).
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While several studies have assessed the vari-
ation of colour and patterns across species and
populations of anurans, these were mostly fo-
cused on the colourful Neotropical poison frog
family Dendrobatidae (e.g. Summers et al.,
1997; Summers and Clough, 2001; Summers,
Cronin and Kennedy, 2003; Roberts et al., 2007;
Wang and Shaffer, 2008; Wollenberg et al.,
2008). Intraspecific aposematic polymorphisms
are frequently observed in such poison frogs
(Summers et al., 2003; Wang and Shaffer, 2008;
Wollenberg et al., 2008) and increasing evi-
dence are showing frequent shifts in colouration
with multiple losses of bright dorsal colouration
(Wang and Shaffer, 2008; Wang and Summers,
2010).

The importance of bright colour in signal-
ing unpalatability has been shown in several
studies (Rowe and Guilford, 2000; Exnerová
et al., 2006; Aronsson and Gamberale-Stille,
2008). In contrast, dull colourations of many
anurans are commonly viewed as being for con-
cealment (Duellman and Trueb, 1994; Toledo
and Haddad, 2009). However, it was predicted
that highly defended prey should evolve less
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conspicuous colouration because their chances
of surviving attacks are enhanced, and there-
fore, costs involved with conspicuous signal-
ing can be reduced (Speed and Ruxton, 2007).
Experienced avian predators learn to avoid
red-black aposematically coloured insects but
also demonstrate a similar degree of avoidance
learning over pale forms that also possess func-
tional stink glands (Gamberale-Stille, Johansen
and Tullberg, 2010).

The South American aposematic toad genus
Melanophryniscus comprises a highly polymor-
phic group with colour and pattern variation ap-
parent both among and within species (Kwet et
al., 2005). Despite an increasing knowledge in
the diversity of these polymorphic poison toads,
there have been a few descriptions that quan-
tify variation in patterns and colour either within
or among populations (Vaira, 2002; Cairo and
Di Tada, 2005; Kwet et al., 2005). Noticeable
colour variation has been described within and
among populations of one species from NW Ar-
gentina, Melanophryniscus rubriventris, where
also skin analysis has revealed an array of 46
different lipophilic alkaloids with considerable
variation in population-level profiles (Laurent,
1973; Vaira, 2002; Daly et al., 2007). Although
the species was first formally described as a
toad with a black background and bright or-
ange colouration covering the scapular region
and partially the head, dorsum and flanks, with a
uniform red ventral colouration (Vellard, 1947),
different morphs of this species, diagnosed as
subspecies, have appeared subsequently in the
literature where some populations have toads
that predominately showed a more cryptic olive
to black dorsal pattern (Laurent, 1973). How-
ever, it was shown that populations showing
“cryptic” colourations contained higher num-
bers of potentially toxic skin alkaloids than the
present in populations with a rather “brighter”
colouration (Daly et al., 2007). Similar results,
challenging the tenet that greater conspicuous-
ness coevolves with increased toxicity were re-
cently presented by two species of poison frogs

(Darst, Cummings and Cannatella, 2006; Wang,
2011).

The ability to detect and quantify subtle
colour differences is critical for studies involv-
ing colour evolution, and this is especially true
of questions regarding the evolution and main-
tenance of aposematic signals (Speed and Rux-
ton, 2007). Spectrophotometric methods have
become increasingly important in evolutionary
and ecological studies because they are not sub-
ject to the biases of visual systems (Bennett,
Cuthill and Norris, 1994; Isaksson et al., 2008).
The quantitative detail provided by spectral
data may afford insights into the evolution of
colour polymorphism by allowing the investiga-
tion of small colour differences among species
or populations (e.g. Summers et al., 2003; Wol-
lenberg et al., 2008).

Here, we quantify variation in colour and
quantitatively describe patterning variation in
six different populations of Melanophryniscus
rubriventris across the range of the species in
NW Argentina. The aim of this paper is three-
fold. First, we assess the magnitude of geo-
graphic divergence of dorsal and ventral bright
colouration and pattern morph among six popu-
lations. Secondly, we account for relationships
among the extent of bright colouration with
the skin alkaloid profiles previously known in
four populations, and thirdly, we compare the
skin alkaloids compositions among these popu-
lations accounting for the number of shared al-
kaloids between populations. This will enable
us to examine the influence of population origin
and/or geographic distances among populations
on the variation of colour, pattern morph, and
shared alkaloids.

Materials and methods

We sampled 6 different localities across NW Argentina
(fig. 1): El Nogalar de Los Toldos (S 22◦16′912′′; W 64◦43′
6.45′′; 1635 m asl); Canto del Monte (S 22◦22′3.9′′;
W 64◦43′16.03′′; 1659 m asl); Cedral de Baritú (S 22◦27′
35.76′′; W 64◦44′32.94′′; 1689 m asl); Tablada (S 23◦05′
917′′; W 64◦51′43.20′′; 1725 m asl); Abra Colorada (S 23◦
40′52.36′′; W 64◦54′493′′; 1722 m asl), and Angosto de
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Figure 1. Geographic distribution of studied populations of Melanophryniscus rubriventris in NW Argentina (left corner) and
representative individuals from dorsal and ventral pattern morphs (bottom). Bar charts in right corner show percent occurrence
of each pattern in the studied populations. Number 1-4 and letters “a”-“c” in bar charts and photographs indicates dorsal and
ventral pattern scores respectively (see text for description of each pattern scores). This figure is published in colour in the
online version.
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Jaire (S 24◦01′23.19′′; W 65◦23′24.49′′; 1665 m asl). A to-
tal of 727 toads were captured by hand during two rainy
seasons (November to January, 2007-2008 and 2008-2009).
For each individual we took dorsal and ventral images with
a digital camera under natural lighting conditions for sub-
sequent analysis of colour pattern. Toads were returned to
their point of capture within 24 h with the exception of
69 individuals that were transferred to the laboratory to
do spectrophotometric measurements. For these we mea-
sured reflectance spectra from five non-black body regions
of adult toads to obtain a reasonably comprehensive char-
acterization of the bright toad colouration: from the dor-
sum – right and left scapular area and for the ventral region –
throat, belly, and pelvic patch. Those patches exist for indi-
viduals from every population and were of sufficient size to
allow at least one reflectance measure. The measurements
from each body region were averaged separately by dorsum
and venter for subsequent statistical analysis (see below).

We measured the spectral reflectance characteristics
(at ±3.5 nm resolution) of body regions with an Ocean
Optics USB-2000 spectrophotometer (Ocean Optics, Inc.,
Dunedin, Florida) with illumination provided by a PX-2
pulsed xenon light source (effective range of emission from
220 to 750 nm) fitted to a 400 mm fibre-optic cable and cal-
ibrated against a barium sulphate standard following Blei-
weiss (2007). Before measuring each specimen, a new cali-
bration was done to correct for possible shifts in the perfor-
mance of the spectrophotometer. Skin was illuminated and
reflected light collected at 45◦ to the body surface. A bifur-
cated fibre optic cable was used, which allowed for illumi-
nation and detection to occur through the same probe. The
probe was mounted in a prismatic probe holder to standard-
ize measuring distance and to exclude ambient light, and
was held (not pressed), over the selected region of the study
skin. The diameter of the measured area was approximately
6 mm, and the distance between the probe and the skin was
25 mm.

Colorimetric analyses were made over the 320-700 nm
spectral range. We excluded reflectance values below
320 nm because of considerable noise at these wavelengths.
Variables considered in this study were average reflectance
values for 5 nm bins for each individual. The colour vari-
ables derived for each spectrum were calculated following
Bleiweiss (2007); Pryke, Andersson and Lawes (2001) and
Pryke, Lawes, and Andersson (2001). We used spectra to
derive traditional measures of brightness or luminance of
the light spectrum (spectral intensity), hue (spectral loca-
tion), and chroma (saturation or spectral purity). ‘Bright-
ness’ (hereafter R320-700) was calculated as the sum of
reflectance from 320 to 700 nm; ‘Hue’ (λR50), as the wave-
length at which reflectance is halfway between its mini-
mum (λRmin) and its maximum (λRmax); and ‘Chroma’
(Rcontrast), which depends on several reflectance shape as-
pects such as both slope height and steepness. To avoid
a fixed arbitrary spectral segment, we used λRmin as the
segment divider, and computed Rcontrast using the formula
(RλR min -700 − R320-λR min)/R320-700. Pryke et al. (2001a)
observed that some reflectance components explain signif-
icant variation in human colour perceptions of hue, and
chroma as estimated by the CIE (International Commission

on Illumination) system of human colour space. Therefore,
we used these components of reflectance as an objective
way to infer at least human-perceived colour differences.

Avian predators are believed to be the predominant
predators of many aposematic species, including dendro-
batid frogs. In several field-based experiments, frog models
were considered frequently attacked by birds (Saporito et
al., 2007; Noonan and Comeault, 2009). Because birds per-
ceive colours differently from us and many species are sen-
sitive to ultraviolet wavelengths (Chen, Collins and Gold-
smith, 1984; Eaton and Lanyon, 2003) we also measured
wavelengths of peak reflectance in the ultraviolet part be-
tween 320-400 nm (λRUVpeak), and half-maximal values for
the UV peak (λRUV50).

To assess the relative surface areas that were black (or
drab) versus brightly coloured we used the standardized
high-resolution colour digital photographs of the dorsum
and ventral parts imported into the public domain image
processing program ImageJ 1.41o (National Institutes of
Health, USA, available at http://rsb.info.nih.gov/ij). Images
were converted to grayscale of 8 bits, and outlines of
the entire body area and the black area were drawn. The
extent of both brightly coloured and black areas were then
calculated from outline areas and determined as percentages
of the total area of the body.

Because colour measurements obtained by spectrophoto-
metric analyses may represent some degree of redundancy,
we conducted a principal components analysis (PCA) to
reduce the number of variables. The principal compo-
nents axes were Varimax-rotated to maximize their correla-
tion (loading) with original variables. To analyze possible
geographic divergences among colouration traits, we ran
a discriminant function analysis (DFA) on the colouration
variables obtained from the reflectance spectra and on the
extent of the area of bright colour. DFA were performed us-
ing colour readings and bright area from dorsal and ven-
tral values as the dependent variable and populations as the
grouping variable. We examined how well individuals could
be classified into their original populations (based on Ma-
halanobis distances to each population centroid), and iden-
tify the discriminant function that best characterized the dif-
ferences among populations. The degree of divergence was
directly estimated from the standardized coefficients in the
discriminant functions. The higher the absolute value of the
coefficient the larger the among-populations divergence of
the corresponding variable.

Endler and Mielke (2005) advise that multivariate tech-
niques should not be used to tests for differences among
colours obtained from radiance spectra because some fun-
damental assumptions seem to be violated when applied to
spectrophotometric data. However, they considered multi-
variate techniques appropriate for exploratory data analysis.
So we used PCA only to explore and describe patterns of
variation in the data, and DFA only to analyze which vari-
ables best discriminate and contribute the most variation
among prespecified groups (populations).

The pattern morphs were described by one of us (MIB)
scoring every individual based on a subjective categoriza-
tion scheme for dorsal and ventral patterns separately. Dor-
sal patterns of toads were scored from 1 (almost completely
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black or drab) to 4 (an equal proportion of black and bright
colouration) (see fig. 1). Ventral patterns were binned into
three categories from 1 (brightly uniform colouration) to 3
(completely speckled) (fig. 1). We tested the null hypothesis
of no effect of population origin on the variations of pattern
morphs scores. Because the variance of frequency of dor-
sal and ventral pattern morph was not similar across popu-
lations, we analyzed the effect of population origin on the
pattern variation score using non-parametric Jonckheere-
Terpstra tests (Pirie, 1983).

To assess whether there was an association between ge-
ographic distances and colouration, average pattern morph,
and shared alkaloids distances among populations, we used
a Mantel (1967) non-parametric matrix permutation ap-
proach. We first calculated all pairwise population distances
(Mahalanobis generalized distances) from colouration vari-
ables and average pattern morphs. A Bray-Curtis dissim-
ilarity index of alkaloid content was calculated between
all populations pairwise. Also, pairwise straight-line geo-
graphic distances were calculated between all populations.
We tested for association between each pair of the result-
ing dissimilarity matrices via permutation techniques using
PASSaGE version 2 (Rosenberg and Anderson, 2011) with
10 000 permutations. All other tests were performed with
SPSS for Windows 15.0 (SPSS Inc., Chicago, IL, U.S.A.).

Results

We found marked variation in colouration
across populations with no discrete differences
in spectral measurements. Rather, spectral val-
ues appeared to vary continuously with con-
siderable overlap between populations in many
cases ranging from 520 to 595 nm (table 1).
All dorsal and ventral spectra have a major
reflectance band extended over longer (500-
700 nm) visible wavelengths that accounted for
more of the total reflectance and a band of
low reflectance in the near-UV with a mini-
mum between 320 and 430 nm depending on the
body region and population considered (fig. 2).
However, among populations spectra of dor-
sal colour did differ in a secondary smaller re-
flectance band that extended from short visi-
ble (450 nm) through near-UV (320-400 nm)
wavelengths. The reflectance of incident UV
wavelengths varied markedly across the popu-
lations sampled. Toads from Cedral de Baritú,
Tablada and Angosto de Jaire reflected less than
5% of the UV wavelengths. By contrast, toads
from Abra Colorada and Nogalar de Los Tol-
dos have a UV reflectance greater than 5% and

10% respectively, and individuals from Canto
del Monte reflect in excess of 15% of incident
UV wavelengths (fig. 2).

Geographic variation, mostly on the dorsal
area, was evident not only in colouration but
also in the extent of brightly coloured areas
(fig. 3). The colouration variables and median
pattern morphs values for each locality are listed
in table 1. Our PCA of dorsal colouration re-
duced to two principal components that ex-
plained 73% of total variance with large positive
loadings on the three colour measures (bright-
ness, hue and chroma). PCA for ventral coloura-
tion also reduced to two principal components
explaining 68% of the original variance with
large loadings on two colour measures (hue and
chroma) and reflectance characteristics of UV
wavelengths (table 2). The first two functions of
the discriminant function analysis summarized
over 96% of the colour variation. DF1 alone
explained 71% of variation among populations
and revealed the largest differences to be in dor-
sal colouration (see table 3). Our analyses imply
subdivision of sampled populations groupings
based on different dorsal colourations. Popu-
lations of Nogalar de Los Toldos, Canto del
Monte, and Angosto de Jaire show dull yellow
or pinkish colouration with similar extents of
bright colouration. Toads from Cedral de Bar-
itú, Tablada, and Abra Colorada show more in-
tense colourations ranging from orange to vivid
red, with the extent of bright colouration also
considerably higher than in the preceding three
populations (fig. 3).

Even with geographic distance between lo-
cales spanning 10 to 200 kilometers (fig. 1),
we found no significant matrix correlations
between geographic distance and colouration
(fig. 4). We also found no such correlation be-
tween both dorsal and ventral colour Maha-
lanobis distances (rdorsal = 0.20, Pdorsal = 0.49;
rventral = 0.24, Pventral = 0.43).

Populations of Melanophryniscus rubriven-
tris also differed significantly in colouration
patterns (figs 1 and 3). The species is polymor-
phic throughout much of its geographic range
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Figure 2. Results of the reflectance spectrometric analyses from dorsal and ventral colouration of six populations of
Melanophryniscus rubriventris from NW Argentina. Each figure indicates population mean reflectance curves (dark and
light line) obtained from three skin measurements per individual. Variation among toads of the same population is shown by
the thin range bars for λRmin (indicated by a star), RλUVpeak, λR50, and Rmax values (see text for description of spectral
components).
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Figure 3. Geographic variation in dorsal and ventral colouration traits among six populations of Melanophryniscus
rubriventris from NW Argentina. Values correspond to principal component scores (see table 2) and the percent of coloured
area correspond to the amount of bright skin with respect with total body area. Bottom and top of the box is the 25th and 75th
percentile. Horizontal line represents the media. Whiskers are the lowest and highest still within 1.5 IQR of the upper and
lower quartile. Outliers are represented by a dot.
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Table 2. Principal component analyses summarising varia-
tion in dorsal and ventral colouration of Melanophryniscus
rubriventris from six populations from NW Argentina.

PC1 PC2

Dorsal
λR50 (hue) 0.941 −0.006
Rcontrast (chroma) 0.853 −0.176
R320-700 (brightness) −0.057 0.982
λRmin 0.742 0.108
λRUVpeak −0.645 0.264
Eigenvalue 2.64 1.02
% of variance explained 52.8 20.3

Ventral
λR50 (hue) 0.910 −0.039
Rcontrast (chroma) 0.893 0.114
R320-700 (brightness) −0.584 0.055
λRmin −0.104 −0.846
λRUVpeak −0.112 0.843
Eigenvalue 1.99 1.44
% of variance explained 39.8 28.8

Note: Numbers represent loadings of original variables on
principal components. The highest loadings are outlined in
bold, when their value was higher than 0.8.

Table 3. Standardised coefficients (and percentage of ex-
plained variation) of the first two canonical discrim-
inant functions that predict population membership of
Melanophyniscus rubriventris according to colouration.

DF1 DF2
(70.9%) (25.4%)

PC1 dorsal 0.811 0.103
PC2 dorsal −0.058 1.016
Area of colour dorsal 0.544 −0.256
PC1 ventral 0.604 −0.188
PC2 ventral −0.259 0.451
Area of colour ventral 0.019 0.270

Note: Variables are principal components that summarise
measured variables of colouration (see table 2) and the
extent of the area of bright colour. The highest coefficients
in each discriminant function are outlined in bold.

with two to four different dorsal patterns and
two and three ventral patterns within and among
populations. We found a significant effect of
population origin in frequency of dorsal and
ventral patterns (Jonckheere-Terpstra test statis-
tic for dorsal patterns = −5.97, P < 0.001; J-T
test for ventral patterns = 10.03, P < 0.01).
Individuals from Tablada had a mostly uniform
dorsal and ventral pattern with only slight varia-
tion among individuals. Toads from Nogalar de

Figure 4. Pairwise relationships between geographic dis-
tances, colouration distances and shared alkaloids among
populations of Melanophryniscus rubriventris from NW Ar-
gentina. Each data point represents the contrasts between
two populations (black circles: dorsal colouration; white cir-
cles: ventral colouration; black squares: alkaloids). Letters
above the black square represent population pairwise. (cm:
Canto del Monte; cb: Cedral de Baritú; ac: Abra Colorada;
aj: Angosto de Jaire.) Colouration distance are the Maha-
lanobis’ generalized distances calculated from the scores of
two principal components that summarize original variables
(see table 2) and the average pattern morphs. Alkaloid dis-
similarities are expressed as Bray-Curtis dissimilarity index
values.

Los Toldos, Canto del Monte, Cedral de Bar-
itú, and Abra Colorada show similar variable
dorsal and ventral patterns within and among
populations. Strikingly, the southern population
of Angosto de Jaire shows a pronounced in-
trapopulational variation with strongly variable
dorsal and ventral patterns with a continuum
from a complete absence of bright colouration
to grades of dull yellow and/or reddish patches
(dorsum) and dots (belly) (see fig. 1 and table 1).

Previous population-level analyses indicate
that lipophilic alkaloids were present in the skin
of toads from four populations analyzed in this
study (Daly et al., 2007). Forty-six different al-
kaloids were detected in populations of Canto
del Monte (23 alkaloids), Cedral de Baritú (12
alkaloids), Abra Colorada (10 alkaloids), and
Angosto de Jaire (listed as Tiraxi in Daly et
al., 2007), 19 alkaloids. However, only 13 al-
kaloids were shared by at least two populations
and just two were common to the four popu-
lations (table 4; see also table 4 in Daly et al.,
2007). The less-conspicuous and most distant
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Table 4. Population differences in skin alkaloid profiles for four populations of Melanophryniscus rubriventris in NW
Argentina. Listed structural classes of alkaloids and number per class (in parentheses) were obtained from Daly et al. (2007).

Canto del Cedral de Abra Angosto Present in Present in
Monte Baritú Colorada de Jaire two pops all pops

Pumilitoxins (14) 9 6 3 7 8 1
Deoxyhomopumiliotoxins (1) 1 – – – – –
Allopumiliotoxins (1) – – – 1 – –
5,8-Disubstituted – – 1 2 – –

indolizidines (3)
3,5-Disubstituted 1 – – – – –

indolizidines (1)
5,6,8-Trisubstituted 3 1 1 2 1 1

indolizidines (3)
Izidines (8) 1 2 4 2 1 –
Tricyclics (10) 4 3 1 3 2 –
Unclass (5) 4 – – 2 1 –
Total number of alkaloids 23 12 10 19 13 2
Non shared alkaloids 10 3 7 11

Figure 5. Pairwise relationships between the percent of ex-
tent of bright colouration and number of alkaloids among
populations of Melanophryniscus rubriventris from NW Ar-
gentina. Letters above the black square represent popula-
tions. (cm: Canto del Monte; cb: Cedral de Baritú; ac: Abra
Colorada; aj: Angosto de Jaire.)

populations analyzed (Canto del Monte and An-
gosto de Jaire), showed low dissimilarity in-
dex and the highest number of alkaloids de-
tected. We found no significant matrix correla-
tions between geographic distance and number
of shared alkaloids between populations (figs 4
and 5).

Discussion

Melanophryniscus rubriventris is a highly poly-
morphic species with significant divergence in

colouration as revealed by spectrophotometric
analysis and in the extent of bright coloura-
tion. These differences are uncorrelated with
between-population geographic distance. More-
over, closest populations are characterized by
the highest colour and pattern polymorphism
expressed mainly as differences in spectral lo-
cation and purity (hue and chroma), and pat-
tern morph of dorsal body regions. Popula-
tions of Nogalar de Los Toldos, Canto del
Monte, and Angosto de Jaire (northernmost
and southernmost populations) predominately
showed a more cryptic olive to black dor-
sal pattern with dull yellow to pinkish dor-
sum. Meanwhile populations of Cedral de Bar-
itú (a northern population), Tablada and Abra
Colorada (central populations) have individuals
with bright uniform dorsum, differing mainly
in the extent of black patches. Concomitantly,
individuals from northern and central popula-
tions have a mostly uniform pinkish to red belly
whereas the southern population of Angosto de
Jaire has toads with well-demarcated yellow,
red and black speckled bellies.

Pronounced differences in warning dorsal
colour and pattern, including the loss of bright
colouration, among adjacent geographic popu-
lations with rather stable polymorphisms within
populations is known in other aposematic frogs
(Wang and Shaffer, 2008; Wollenberg et al.,
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2008; Comeault and Noonan, 2011). Such vari-
ation in the degree of the aposematic trait
may have no evolutionary consequences if
colour variants perform equally well regard-
ing detection and recognition by receivers. It
is possible that drab individuals from northern
and southern populations are not by implica-
tion cryptic forms and they merely have rel-
atively inconspicuous dorsal warning displays
but equally effective with the local predator en-
semble. Recent studies showed that predators
could perceive frogs aposematic signals differ-
ently across small spatial scales (Noonan and
Comeault, 2009; Comeault and Noonan, 2011).

Potential predators may also simultaneously
evaluate more than a colour or pattern prop-
erty; instead of this a combination of sev-
eral traits may determine the warning signal
recognition. In a study of colouration and pat-
tern of a dendrobatoid frog, the bright dor-
sal colour-pattern component were considered
a multicomponent signal clearly visible from
a bird, mammal or reptile perspective (named
the “displayed” component) and appeared to
be an adaptive trait. Meanwhile, the ventral
colour-pattern (named the “concealed” compo-
nent) was considered a non-adaptive trait (Wol-
lenberg et al., 2008). However, ventral pattern
and colouration in Melanophryniscus rubriven-
tris could also turn visible when broadcast via
postural adjustments. Typically, this toad com-
presses the body and elevates the head, arms,
and foot during a stereotyped defensive dis-
play considered as an “Unken Reflex” to expose
part of the ventral colouration (Laurent, 1973).
A geographical variation in such aposematic be-
haviour paralleling differences in ventral apose-
matic colouration was found in a poison sala-
mander (Mochida, 2009). Notably, the ventral
colouration and patterning of Melanoprhyniscus
rubriventris were less variable than the dorsum
along the studied populations.

Our spectrophotometric results revealed that
UV reflectance is a significant component of
dorsal colouration in some populations of M.
rubriventris. Birds perceive colours differently

from us and many species are sensitive to ultra-
violet wavelengths (Endler and Mielke, 2005).
Consequently, a significant portion of the colour
pattern of the toads might be available only to
birds that are physiologically capable of see-
ing UV wavelengths (Chen et al., 1984). Even
when some colour morphs of M. rubriventris
have relatively little reflectance in the ultravio-
let part of the spectrum, research has shown that
even small UV differences (less than 5%) can
influence birds’ behaviours (Hunt et al., 2001).
It would be interesting to test the ability of po-
tential avian predators of M. rubriventris to per-
ceive these subtle UV differences with broad
implications for future studies.

Carotenoids are largely responsible of red, or-
ange, and yellow colours in amphibians (Hoff-
man and Blouin, 2000). The reflectance spec-
tra of a carotenoid-based colouration show a
pronounced reflectance peak in the ultraviolet
(UV) wavelength (between 300 and 400 nm),
low reflectance in short to middle wavelengths
(around 450 nm) because of the light-absorbing
properties of carotenoid pigments, and a high
plateaulike reflectance curve in the long wave-
band between 550 and 700 nm (Bleiweiss,
2007). The spectral reflection curves obtained
in this study suggest that red, pink, and yellow
colourations in Melanophryniscus rubriventris
may be due to a carotenoid origin. It is possible
that a different mixture of carotenoid pigments
in the skin could be responsible for the bright
colouration differences observed in the different
populations. Additional biochemical evidence is
required to support this assumption.

Our analyses also reveal populations with
similar patterns that differ markedly in colour
and vice versa, suggesting that colour and pat-
tern can vary independently. It is possible that
different developmental mechanisms might be
responsible of patterning and colour evolu-
tion. Colour patterning in Melanophryniscus
rubriventris was defined mainly by the exten-
sion and shape of dorsal and ventral melanic
black patches. Melanin-based pigmentation in
vertebrates are widely studied and many differ-
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ent molecular and developmental changes were
demonstrated to affect the type, density and dis-
tribution of melanin synthesized endogenously
by the animal (Hubbard et al., 2010). Several
studies have linked remarkable variations in the
melanin-based pigmentation with environmen-
tal heterogeneity (Hoekstra, 2006). On the other
hand, if we can assume that bright coloura-
tion in M. rubriventris appears to be originate
from carotenoids, we would expect less genetic
control on this trait that are tightly linked to
the availability of such pigments through diet
and being condition-dependent (Hubbard et al.,
2010). Consequently, proximate mechanism re-
sponsible for colour and patterning variation
could be substantially different driving to dif-
ferent combinations in each population.

Bright colouration in Melanophryniscus, as
in other poison frogs and toads, was consid-
ered mainly to serve in interspecific commu-
nication, signaling their distastefulness to po-
tential predators as a consequence of the pres-
ence of lipophilic alkaloids in the skin (Daly,
1995). A study of alkaloids contents in the skin
of four populations of M. rubriventris consid-
ered in the present work showed strong vari-
ation in the profiles among these populations
(Daly et al., 2007). Population-level analyses in-
dicate that lipophilic alkaloids were present in
the skin of toads from every population most
of them unshared but differences were unrelated
with geographic distance between populations.
Although Canto del Monte and Angosto de Jaire
populations showed the less-conspicuous dorsal
colourations, the highest numbers of alkaloids
were detected in their skins. However, given
the small and unbalanced sample sizes of toads
that were analyzed those results should be cau-
tiously considered (see Daly et al., 2007).

Recent work in poison frogs revealed that less
conspicuous color morphs might be even more
toxic than the brightest morphs (Darst et al.,
2006; Wang, 2011). The level of toxicity has
not been measured in the studied populations
of M. rubriventris, but the presence of an im-
portant set of shared and unshared alkaloids in

all populations despite the colour or pattern sug-
gest that all morphs might be at least unpalat-
able to any potential predator attempting to at-
tack any toad. Although the evolution of apose-
matism requires some degree of toxicity, there
need not be a positive correlation between level
of toxicity and level of aposematic colouration
(Speed and Ruxton, 2007). However, we do not
know whether or not the different morphs of M.
rubriventris differ in unpalatability just because
their alkaloids profiles are different, and if the
degree of unpalatability could affect the avoid-
ance learning of predators of the species.

Our present data do not allow us to identify
the mechanisms underlying the striking colour
variation within and between populations of
M. rubriventris. We argue that the patterns of
colour variation within and among populations
of M. rubriventris must be considered with ref-
erence to both the suite of predators that may
be present and the physical environment that
may influence detection probabilities. Coloura-
tion may also have functions not related exclu-
sively to avoid predation. The lowest reflectance
band in the spectra of bright morphs of M.
rubriventris were predominantly in the middle
wavelength region (400-550 nm), which corre-
sponds to the spectral sensitivities reported from
the rod and cone photoreceptors in a diurnal poi-
son frog, Dendrobates pumilio (Siddiqi et al.,
2004). Females of this species were noted to dis-
criminate among potential mates using colours
as a visual cue displaying a significant pref-
erence for their own morph (Summers et al.,
1999). It is possible, then than female choice
can be an important factor in the colour diver-
gence of M. rubriventris populations.

As a final consideration, thermoregulation
has also been invoked as an important consid-
eration in the evolution of anuran colour (Hoff-
man and Blouin, 2000; Vences et al., 2002).
For example, black colouration may be impor-
tant for heat absorbance and may influence in-
dividual capacity to regulate temperature (Fors-
man, 2000). Polymorphic populations with dif-
ferent capabilities and tolerances may therefore
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arise in response to varying climate (Forsman
and Hagman, 2009). Darkly pigmented morphs
could arise as a result of selection for the abil-
ity to absorb heat more readily, a clear ad-
vantage in cooler climates. The fact that the
relative abundance of dorsal colour patterns
varies across populations may suggests that the
association between colour and thermoregula-
tion could be important in Melanoprhyniscus
rubriventris. This species occurs typically at al-
titudes between 1000 to 2000 m asl in subtrop-
ical montane forests with cool climates at the
highest portions (Vaira, 2002).

The study of the role of predation avoidance,
sexual selection, and temperature as well as
others factors (e.g. diet; health) affecting the
expression of colouration might allow better
understanding of the evolution of aposematic
colouration in Melanophryniscus rubriventris.
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