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(Figs 1 and 2a). In this context, color transitions and con-
vergence can be more clearly de�ned as they generally 
involve the transition from yellowish-orange to some 
other color. Bluish-green dorsal coloration evolved 
once within Ranitomeya in the �avovittata clade (Fig. 1). 
Within this clade, R. �avovittata regained yellow color-
ation from a blue/green ancestral state. Other gains of 
yellow or greenish coloration (e.g., the spotted morphs 
of R. variabilis and R. imitator and the yellow morph of 
R. sirensis) involve a color shift in the opposite direction, 
that is, yellow or greenish coloration evolving from an 
orange ancestral state.

Our analyses reveal at least two independent gains 
of red coloration: once in the reticulata clade, and once 
in the red morph of R. sirensis. Other gains of reddish 
coloration are more subtle in that the species did not 

evolve red coloration per se, but rather evolved redder 
coloration compared to the inferred ancestral state. For 
example, in R. amazonica and the banded and varadero 
morphs of R. imitator, each has a deeper reddish-orange 
coloration compared to their sister taxa as well as their 
ancestral state (Fig. 1).

Carotenoids
Chloroform skin extracts, which contain carotenoid 

pigments, were generally yellow across most samples. 
Absorbance spectrometry of these extracts con�rmed 
the presence of carotenoids, which usually have char-
acteristic triple-peak absorbance spectra and absor-
bance maxima typically in the range of 450�460 nm in 
the case of chloroform extracts (Supplementary Fig. 

F����� 1.  Color evolution in Ranitomeya. On the left, a maximum-likelihood ultrametric phylogeny of Ranitomeya based on 1550 
ultraconserved element loci. Branches are colored according to ancestral state reconstructions of dorsal coloration. On the right, boxes show 
dorsal color, pigment colors, and re�ectance spectra. Dorsal color: Red-Green-Blue (RGB) color measured from dorsal photographs (i.e., the 
observed frog color that was mapped onto the phylogeny). Carotenoids: RGB rendering of the chloroform extract, modeled onto a white 
re�ector. Pterins: RGB rendering of the ammonia extract, modeled onto a white re�ector. Re�: Dorsal re�ectance spectrum; numbers indicate 
the wavelength of peak re�ectance (re�ectance �max). RGB renderings, re�ectance spectra, and re�ectance �max values represent population 
averages; in the case of re�ectance spectra the solid red line is the mean and red shaded area is the standard deviation. RGB renderings of 
pigment absorbance spectra were done with the spec2rgb function of pavo2 (see Supplementary Material for more details). For complete 
phylogeny with outgroups see Supplementary Figure S1.
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