
Phenotypic and Genetic Divergence in Three
Species of Dart-Poison Frogs With
Contrasting Parental Behavior
K. Summers, E. Bermingham, L Weigt, S. McCafferty, and L. Dahlstrom

From the Smithsonian Tropical Research Institute,
Apartado 2072, Balboa, Republic of Panama. Address
correspondence to the Smithsonian Tropical Research
Institute, Unit 0948, APO AA 34002-0948, USA. K. Sum-
mers Is presently at the Department of Biology, East
Carolina University, Greenville, North Carolina. We
thank Bob RlckleJs, Andrew Martin, Stan Rand, Tim
Clutton-Brock, Bill Eberhard, Mary Jane West-Eberhard,
Richard Alexander, and Susan McRae for useful discus-
sion and/or helpful comments on the manuscript. Per-
mission to collect frogs from the Bocas del Toro archi-
pelago was graciously granted by INRENARE In the
Republic of Panama. We owe a special debt of gratitude
to Tony Coates for reconstructing the Bocas del Toro
sea level contours In Figure 1 and Javier Jara for pro-
duction of the final figure. The Dendrobates pumilio
photographs are the work of Carl Hansen, Marco Guer-
ra, and Lee Welgt. This research was supported by the
Smithsonian Fellowship and Molecular Systematlcs
programs. The sequences reported In this article have
been deposited In GenBank.

Journal of Heredity 1997;88:8-13; 0022-1503/97/J5.00

Why some species exhibit remarkable variation among populations while closely
related species are relatively uniform remains unclear. The strawberry dart-poison
frog (Dendrobates pumilio) exhibits spectacular color and pattern polmorphlsm
among populations in the Bocas del Toro archipelago of Panama. In contrast, two
other sympatric species of dart-poison frog, Phyllobates lugubris and Mlnyobates
sp., show little color or pattern variation among Island populations. Here we dem-
onstrate that the color and pattern variation among populations of D. pumilio is not
matched by higher levels of mltochondrlal DNA sequence divergence relative to P.
lugubris or Mlnyobates sp. Thus, neutral divergence In allopatry Is unlikely to have
caused the geographical differences observed in D. pumilio. We suggest that strong
sexual selection associated with female parental care In D. pumilio, which contrasts
the male parental care of P. lugubris and Mlnyobates sp., may have driven diver-
gence in coloration and pattern in D. pumilio.

The causes of pronounced contrasts in
coloration, pattern, and other forms of
ornamentation among populations or
closely related species of some animals
are widely debated (Mayr 1963; West-
Eberhard 1983). Often this variation
seems arbitrary with respect to the en-
vironment (Dominey 1984; West-Eber-
hard 1983). Populations of the strawberry
dart-poison frog (Dendrobates pumilio)
are extremely differentiated (Daly and
Myers 1967; Myers and Daly 1983) among
islands in the Bocas del Toro archipelago
(Figure 1). There is also dramatic diver-
gence between some populations on
mainland Bocas del Toro, which are typ-
ically separated by regions of low swamp
uninhabited by D. pumilio (Daly and My-
ers 1967).

In contrast, Minyobates sp. and Phyllo-
bates lugubris, two closely related species
of dart-poison frogs that are sympatric
with D. pumilio in the Bocas del Toro ar-
chipelago, show little variation in color
or pattern across their ranges. However,
both display the bright, aposematlc col-
oration characteristic of the dart-poison
frogs. Furthermore, variation in color and
pattern across different Minyobates and
Phyllobates species provides evidence of
the evolutionary potential for color and
pattern variety in both of these genera
(Silverstone 1975, 1976). Owing to com-
mon descent (family Dendrobatidae) and

shared geography, Minyobates sp. and P.
lugubris serve as natural controls in our
analysis of divergence between popula-
tions of D. pumilio in the Bocas del Toro
archipelago.

If populations of all three species of
dart-poison frogs have had the potential
to drift apart in color and pattern, then a
neutral model of evolution would predict
a correlated genetic divergence. This cor-
relation should be particularly evident at
fourfold degenerate sites, which are con-
sidered to be under low levels of selective
constraint. Thus the processes of genetic
drift should yield similar levels of inter-
populational divergence at fourfold degen-
erate sites if all three species share a sim-
ilar history. Alternatively, perhaps the ex-
treme phenotypic divergence noted for is-
land populations of D. pumilio indicates
longer periods of population separation
than that experienced by the other two
species. In this case we would expect to
see greater genetic divergence between
geographic populations of D. pumilio than
would be observed between populations
of P. lugubris and Minyobates sp. We tested
our genetic expectations by investigating
mitochondrial DNA (mtDNA) sequence di-
vergence between conspecific populations
of D. pumilio, P. lugubris, and Minyobates
sp. from island and mainland populations
in the Bocas del Toro archipelago.
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Figure 1. Map of the Bocas del Toro archipelago showing frog collection localities and continental and Island margins at three different sea levels.

Materials and Methods

Collections
Figure 1 shows the localities in the Bocas
del Toro archipelago where the focal spe-
cies in this study where collected. Collec-
tion localities for outgroup species are not
shown. We sequenced 35 dendrobatid
frogs representing the following localities
and species: Bocas del Toro, Panama (lo-
cales mapped in Figure 1): Isla Colon, D.
pumilio (n = 2) and Minyobates sp. (n =
2); Isla Bastimentos (west), D. pumilio (n
= 2), P. lugubris (n = 2); Isla Bastimentos
(east), D. pumilio (n = 2) and Minyobates
sp. (n = 2); Isla Popa, D. pumilio (n = 2),
P. lugubris (n = 1) and Minyobates sp. (n
= 1); Isla Cayo de Agua, D. pumilio (n =
1) and Minyobates sp. (n = 2); Almirante,
D. pumilio (n = 1) and P. lugubris (jx = 2);
Saddle Hill, D. pumilio (n = 1), Minyobates
sp. (n = 2), and P. lugubris (n = 3). Owing
to the scale of the map shown in Figure 2
the following locales are not displayed:

San Bias, Panama: M. minutus (n = 2) and
Colostethus talamancae (n = 1); Fortuna,
Panama: D. speciosus (n = 1); Corcovado,
Costa Rica: P. vitattus (n = 2); Santo Do-
mingo, Ecuador: D. histrionicus (n = 1).

Sample sizes from each locale were low
owing to Panamanian (INRENARE) regu-
lations regarding collections of species in
the family Dendrobatidae (all are cites list-
ed). Current PCR-based lab procedures
permit toe clips to be utilized as a source
of DNA. However, at the time these den-
drobatids were collected it was not yet re-
alized that sufficient DNA could be extract-
ed from very small tissue samples. Thus
whole frogs were preserved in liquid nitro-
gen and stored at -70°C until analyzed.
Tissue dissections on these small frogs
were extensive and as a result the car-
casses were not maintained as vouchers.

DNA Extractions
Muscle tissue (0.5 g) was homogenized in
300 IJLI of lysis buffer (100 mM EDTA, 100

mM Tris pH 7.5, 1% SDS). Samples were
incubated overnight with 25 JJLI of protein-
ase K solution (20 mg proteinase K/ml in
50% glycerol) at 65°C with constant mix-
ing. The homogenate was centrifuged for
3 min at 14,000 rpm. The supernatant was
transferred to a new tube and extracted
once with equal volumes of equilibrated
phenol, once with phenol-chlorofonn-iso-
amyl alcohol (25:24:1), and once with chlo-
roform-isoamyl alcohol (24:1). DNA was
precipitated overnight at -20°C with eth-
anol and 2.5 M ammonium acetate (pH
7.5) and centrifuged for 10 min at 14,000
rpm. The resulting pellet was rinsed once
with 70% ethanol, vacuum dried, resus-
pended in 100 .̂1 of dH20, and stored at
-20°C.

PCR Amplifications
Initial polymerase chain reaction amplifi-
cations were performed in 50 p.1 reactions
containing 1 pA of genomic DNA, 5 |il of
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