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Abstract 
Studying isolated populations diverging in a way that will eventually lead to reproductive 
isolation gives good possibilities to investigate speciation processes. Investigations of 
quantitative and molecular variation in a species are valuable tools in understanding the 
diverging processes. In this thesis I examine the situation for one such species. The 
strawberry poison frog (Dendrobates pumilio) has an easily observed and unusually 
substantial variation in colouration in the north-western part of Panama, which seems to 
co-evolve together with female preference for this trait. I used image analysis to quantify 
body size and coloration. To determine the genetic structure among localities I used 67 
variable markers derived from amplified fragment length polymorphism. The results 
show that there are significant differences in colouration and body length among the 
different localities. I found a distinct and strong genetic structure among the localities. 
Most of the colour morphs were genetically separate, even ones on the same island. My 
results show that sexual dimorphism only explains a fraction of the morphological 
variation. The only sympatric occurring colour morphs at the eastern part of Isla 
Bastimentos showed no molecular population differentiation. The genetic results support 
the theory that isolation, causing low gene flow is responsible for most of the variation in 
D. pumilio. My results also points at a need for increased awareness for the conservation 
situation for D. pumilio in this geographic area. 
 
Introduction 
Within a species, populations and individuals often exhibit geographic variation in 
quantitative and molecular characters (Mayr 1963). One factor causing geographic 
variation among populations is that exchange of genes is often lower between the 
geographically distant populations than between neighbours. In the case where 
geographical distance is drawn to its extreme, namely when a species is divided into two 
or more geographically isolated populations, they start to diverge, both genetically and 
morphologically. The divergence may be due to drift, which is the random fixation of 
alleles, and to selection. If selection is strong enough, divergence might also occur among 
populations where gene flow is present. The magnitude of divergence is dependent on the 
existing genetic variation (Dobzhansky 1937). This divergence is likely to result in 
incompatibility of individuals between the populations, known as reproductive isolation. 
Reproductive isolation may be due to many different kinds of barriers. In animals it may 
be differences in mating behaviour causing these barriers. Co-evolution of male traits as 
ornaments and coloration, and female preferences in isolated groups of individuals is 
usually the explanation for differentiation in mating behaviour (Coyne and Orr 2004). 
When reproductive isolation is complete, individuals from the different lineages, if 
brought into contact again, will not succeed in producing viable and fertile offspring. By 
the biological species concept (redefined by Coyne and Orr 2004) a new species has 
emerged. Size is the character most easily shown to vary between locations in a species, 
but almost any other character may vary geographically. Colour pattern is a character 
which is particularly important in animals where vision plays a significant role (Mayr 
1963). 
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The strawberry poison frog Dendrobates pumilio shows extreme colour polymorphism in 
the Bocas del Toro archipelago of Panama (Daly and Myers 1967, Myers and Daly 1976) 
and the colour variation has been thoroughly investigated (Summers et al. 2003). 
Interestingly, other species of Dendrobatid frogs that are sympatric with D. pumilio do 
not show colour polymorphism (Summers et al. 1997). The bright colouration in D. 
pumilio, as in many of the poison frogs in the family Dendrobatidae, is aposematic and 
has co-evolved with toxicity. (Summers and Clough 2001). The colour pattern in D. 
pumilio is visible already in tadpoles and is consistent throughout its life (Walls 1994, 
Summers et al. 2004) and many of the colour morphs are maintained under common 
garden conditions suggesting that the colour pattern is under genetic control (Summers et 
al. 2004). Many of the colour morphs found today have arisen within the short period of 
the last 6000 years (Summers at al. 1997) and earlier studies on call variation (Myers and 
Daly 1976) and mitochondrial DNA (Summers et al. 1997) suggest that the different 
populations should be considered as a single species.  
 
On the island of Bastimentos there is a wide variation in size and colouration, and at least 
two colour morphs exist in the same area (Summers et al. 2003). In general, the colour 
morphs of D. pumilio should be effectively distinguished by conspecifics (Siddiqi et al 
2004) and it has been shown that females from the different archipelagic populations 
(green morph from Isla Popa and orange morph from Cayo Nancy) show a significant 
mating preference for their own morph under controlled conditions (Summers et al. 
1999). These results indicate that colouration may be an important reproductive barrier in 
D. pumilio and a potential basis for future speciation.  
 
No sufficiently fine scale molecular method has been used to investigate the relationship 
among the morphologically diverged populations of D. pumilio on a locality/population 
level. The use of the relatively easily developed Amplified Fragment Length 
Polymorphism (AFLP) markers (Vos et al. 1995) allows screening for genetic structure in 
a time effective way. AFLP markers have found the widest application in analyses of 
genetic variation below the species level, particularly in investigations of population 
structure and differentiation (Mueller and Wolfenbarger 1999) and are thus well suited to 
assess the situation in Bocas del Toro archipelago. Simulations have suggested that a 
minimum of four times as many dominant markers should be used to attain the same 
efficiency as with co-dominant markers such as microsatellites. When migration rates are 
higher and genomic heterogeneity is low, a minimum of ten times as many dominant 
markers should be used (Mariette et al 2002). 
 
The aims of this study are to investigate the morphological (body size and colouration) 
and genetic structure among populations of D. pumilio. I also investigate sexual 
dimorphism in size and coloration and I test for genetic isolation by distance pattern. By 
using both image analysis and a molecular method, I will try to answer if there is any 
genetic variation among the sympatric colour morphs on the island of Bastimentos.  
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Materials and methods 
 
The study species 
The strawberry poison frog, Dendrobates pumilio is a Neotropical diurnal frog of the 
Dendrobatid family. It is distributed in the Atlantic versant, humid lowlands, and 
premontane slopes in eastern Nicaragua (0-940 m) south through the lowlands of Costa 
Rica and north-western Panama at (1-495m) (Savage 2002, IUCN 2004, Fig.1). It is 
locally very abundant and is classified in the red list category Least Concern (LC) by 
IUCN (IUCN 2004). It has a wide range of colours in the different parts of its distribution 
(Daly and Myers 1967, Walls 1994, Savage 2002). It mostly inhabits the leaf litter and 
low vegetation (Pröhl 2003) but some populations were observed to be more arboreal 
than others (pers. obs.).   
 
The study area 
I conducted the fieldwork from 23/3 to 10/4 2005 in the Bocas del Toro area in 
Northwest Panama (Fig.1). Research and collecting permits were obtained from the 
Panamanian authorities (ANAM) via the Smithsonian Tropical Institute. A total of 300 
individuals were collected from 14 localities (Table 1). I chose to sample a higher 
number of individuals at the Bastimentos cemetery locality due to the presence of more 
than one distinct colour morph.  
 
Table 1. Study localities of D.pumilio in Bocas del Toro area with abbreviations, sample sizes and number 
of sexed individuals. 

 

Locality Abb. Island/Mainland Sample size  Males Females Not sexed 
Salt Creek BSC Bastimentos 21 9 8 4 
Long Beach BLB Bastimentos 20 8 10 2 
Old Point  BOP Bastimentos 20 9 9 2 
Cedar Creek BCC Bastimentos 20 12 8 0 
Bastimentos Cemetery BBC Bastimentos 36 14 21 1 
West Point BWP Bastimentos 21 13 7 1 
Red Frog Beach BRF Bastimentos 20 6 11 3 
Isla Colón IC Isla Colón 22 14 7 1 
Isla San Cristobal IS Isla San Cristobal 20 8 11 1 
Cerro Brujo CB Mainland 19 14 5 0 
Isla Popa IP Isla Popa 20 6 12 2 
Cayo Nancy CN Cayo Nancy 20 14 6 0 
Punta Valiente PV Mainland 20 9 7 4 
Cayo Agua CA Cayo Agua 21 7 13 1 
Total   300 143 135 22 
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Figure 1. Distribution of D. pumilio shown in red on the map of Central America and 
sampled localities in Bocas del Toro area, Panama. 
 
The sex was determined by throat coloration (Walls 1994, Fig.2). Calling behaviour in 
males stretches the skin on the throat which makes the skin appear darker while 
uninflated. Only apparently adult and easily determined individuals were sexed. All 
individuals were digitally photographed at a constant distance using a flash to normalize 
light conditions. A Minolta DiMAGE 7i camera were used with a Hoya Skylight (18) 
filter and a custom made camera stand. To facilitate handling and minimize differences in 
position between individuals, a plastic lid was used to enclose the sampled frogs. The 
pictures were taken on grid paper to be able to determine size from the images. Tissue for 
later DNA analyses was sampled by removing the toe-pad of digit number III on one hind 
leg according to standard operating procedure guidelines (NWHC 2001) using disinfected 
scissors. Tissue samples were immediately put into 95% ethanol. 
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Figure 2. The difference between sexes in adult D.pumilio, with a male to the left showing the dark skin on 
the throat. 
 
Statistics 
I used The R-package (R Development Core Team 2005) to perform statistical 
calculations and to draw figures. T-tests were used to test for differences between males 
and females and ANOVA’s were used to compare localities. 
 
Image analyses  
Adobe Photoshop™ v.8.0 was used to measure snout-vent length (SVL) and to estimate 
the background colour of the dorsum of each individual. The colour was measured by 
using the colour picker tool set to five by five pixels average. Four points were measured 
and the mean value calculated for each individual. Colour was measured by hue, 
saturation and brightness. Hue is the colour reflected from or transmitted through an 
object. It is measured as a location on the standard colour wheel, expressed as a degree 
between 0° and 360°. In common use, hue is identified by the name of the colour such as 
red, orange, or green. Saturation, sometimes called chroma, is the strength or purity of the 
colour. Saturation represents the amount of grey in proportion to the hue, measured as a 
percentage from 0% (grey) to 100% (fully saturated). On the standard colour wheel, 
saturation increases from the centre to the edge. Brightness is the relative lightness or 
darkness of the colour, usually measured as a percentage from 0% (black) to 100% 
(white) (Adobe Photoshop Version: 8.0 Adobe systems incorporated). 
 
DNA extraction 
The dry weight of each sample was approximately 0.5 mg. I extracted all samples with 
high salt purification and Ethanol precipitation as follows. I placed each sample in 350 μl 
SET buffer (0.15 M NaCl, 0.05 M Tris, 1 mM EDTA pH 8.0), 12.5 μl proteinas K (10 
mg/ml) and 15.5 μl  SDS (25%) in an eppendorf tube and incubated at 55 ºC for 
approximately 2 hours until the tissue totally dissolved. I added 300 μl NaCl (6 M), 
vortexed strongly for 10 to 20 seconds, centrifuged for 10 minutes at 13 000 rpm and 
transferred 600 μl of the supernatant to a new tube. I added 150 μl Tris (0.01 M, pH 8.0), 
mixed, added 750 μl freezer cold 99.5 % EtOH, mixed again and let the sample 
precipitate over night at -20ºC. I centrifuged the sample 15 minutes at 13 000 rpm, 
discarded the supernatant, washed the pellet with 1 ml freezer cold 70 % EtOH and 
centrifuged for 10 minute at 13 000 rpm. Finally I let the pellet dry and dissolved it in 40 
μl TE buffer. 
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AFLP 
The protocol used was based on that of Bensch et al. (2002) modified from Vos et al. 
(1995) with some further modifications. 10μl of the extraction were cut by a mix of  6.9μl 
ddH2O, 2μl TA-buffer 10X (100mM Tris-Ac ph 7.9, 100mM MgAc, 500mM KAc, 
10mM DTT), 1μl BSA 1μg/μl, 0.05μl EcoR1 50u/μl and 0.05μl Tru 1 50u/μl for one hour 
at 37ºC. 
To ligate the adaptors I adding 5μl of the mix of 4.15μl ddH2O, 0.5μl T4 ligase buffer 
10X, 0.025μl E-adaptor 100μM, 0.25μl M-adaptor 100μM and 0.1μl T4 ligase 5u/μl to 
the cut DNA and incubated for three hours at 37ºC. E-adaptor and M-adaptor was built 
by primers 5´-CTCGTAGACTGCGTACC-3´, 5´-AATTGGTACGCAGTCTAC-3´ and 
5´-GACGATGAGTCCTGAG-3´, 5´-TACTCAGGACTCAT-3´ from Invitrogen™ 
respectively. 
 
Ligated samples were diluted ten times with ddH2O and amplified in a non-selective PCR 
reaction. The reactions consisted of 1.0μl ddH2O, 2.0μl  MgCl2 25mM, 2.0μl Fermentas 
Taq buffer 10X, 4.0μl dNTP 1mM, 0.06μl E-primer 100μM, 0.06μl M-primer 100μM, 
0.08μl Fermentas Taq 5u/μl, 0.8μl BSA 1μg/μl and 10μl of the diluted ligated samples. E-
primer and M-primer were 5´-GACTGCGTACCAATTCN-3´ and 5´-
GATGAGTCCTGAGTAAN-3´ from Invitrogen™ respectively, where “N” is an 
arbitrary selected base. The reactions were incubated as follows: [94ºC 2min] – [94ºC 30s 
- 56ºC 30s - 72ºC 60s] x 20 cycles – [72ºC 10 min]. The products were diluted ten times 
with ddH2O. 
 
The diluted product was selectively amplified in a touchdown PCR-reaction. 2.5μl of the 
product were added to the mix of 2.9μl ddH2O, 1.0μl MgCl2 25mM, 1.0μl Fermentas Taq 
buffer 10X, 2.0μl dNTP 1mM, 0.06μl flouresin marked E-primer 100μM, 0.06μl M-
primer 100μM, 0.08μl 5u/μl and 0.4μl BSA 1μg/μl. E-primer and M-primer were 5´-
GACTGCGTACCAATTCNNN-3´ and 5´-GATGAGTCCTGAGTAANNN-3´ from 
Invitrogen™ respectively, where “NNN” are three arbitrary selected bases with the first 
“N” the same as in the non-selective amplification. The reactions were incubated as 
follows:  [94ºC 2min] , [94ºC 30s , (65ºC -0.7ºC/cycle) 30s , 72ºC 60s] x 12 cycles ,  
[94ºC 30s , 56ºC  30s , 72ºC 60s] x 23 cycles , [72ºC 10 min]. Primer combinations and 
number of polymorphic bands are shown in table 2. 
 
Finally 2 μl of the products were added to a mix of 9,75μl ddH20 and 0,25μl ET-Rox 400 
size standard and run on a MegaBACE 1000 (Amersham Bioscienses). Runs were 
analyzed using MegaBACE Fragment Profiler Version 1.2 (Amersham Bioscienses). All 
individuals were scored together for fragments between 50 and 400 base pairs for 
presence (1) or absence (0). Only easy read fragments were included to minimize the 
influence of differences between runs.  
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Table 2.The three different primer combinations used in the AFLP protocol and number of polymorphic 
markers observed. 
M-primer E-primer Polymorphic
-CGT -TAG 20 
-CTA -TAG 23 
-CGT -TCT 24 
Total  67 
 
Genetic Analysis 
AFLP-data, without prior population information of the individuals, were analysed with 
STRUCTURE 2.0 (Prichard et al. 2000) to get an estimate of the number of population 
clusters, and the assignment of individuals to these clusters. The runs were set for a 
burnin period of 10,000 and 100,000 MCMC repeats with the No admixture model. I did 
three repeats for each number of clusters (K). Posterior probability values for each K 
were calculated from Baye’s rule. Posterior probability for K=8 is thus given by: 
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I analyzed the presence of population genetic structure using a Bayesian method. I used 
the “f-free” model in HICKORY version 1.0 (Holsinger et al. 2002). This calculates θb, a 
FST-analoge that is unaffected by the unreliable estimates of the FIS analogue f. The 
default settings were used (burnin = 50 000, sample = 250 000, thin = 50). 
 
To calculate the FST analogue  for pair wise population comparisons I used GenAlEx6 

(Peakall and Smouse 2005).  is calculated as 

PTΦ

PTΦ ( )WPAP

AP

VV
V
+

  where VAP is the variance 

among populations and VWP is the variance within populations. Probability values were 
based on 999 permutations. 
 
To calculate Nei’s measure of genetic identity and genetic distance (Nei 1972, Nei 1978) 
I used POPGENE version 1.32, a freeware program for the analysis of genetic variation 
among and within populations using co-dominant and dominant markers (Yeh et al. 
1997). This program allows missing values and thus includes a higher number of 
individuals to be included in the analysis. This program also renders a Dendrogram based 
on Nei’s measure of genetic distance. The dendrogram was visualized with TreeView © 
1.6.6 (Page 1996). To test for isolation by distance I used distances between sampling 
sites in meters, and corresponding pair wise  values in the web based program 
Genepop (Raymond and Rousset 1995). 

PTΦ
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Results 
 
Morphology 
The localities showed a significant variation in snout to vent length (p < 0.0001, fig. 3). 
No differences was found between the sexes in snout to vent length (t = 0.20, df = 255.6, 
females = 18.32 ± 1.95mm, males = 18.27 ± 1.54mm, p = 0.8424). Within populations I 
found difference in size between the sexes in two cases, in BRF males where larger (p < 
0.05) and in IC females were larger (p < 0.01).  
 
The colour variation among the localities by hue saturation and brightness is visualized in 
figure 4. Localities IP, CB, PV and CA were excluded due to the difficulty of sampling 
the colour, mainly because individuals were speckled with black and no longer had an 
obvious background colour with or without black patterns. When the hue, saturation and 
brightness were tested between the sexes within each population, four significant 
differences were found within in three populations. The females in IS were brighter than 
the males (p < 0.05). In BRF (p < 0.005) and BBC (p < 0.005) the hue were significantly 
higher in females, and in BBC the saturation were lower in females than in males (p < 
0.01).  

BBC BCC BLB BOP BRF BSC BWP CA CB CN IC IP IS PV
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Figure 3. Snout to vent length of D. pumilio at 14 localities. Lines show means, boxes indicate the first and 
third quartile, whiskers show max and minimum values within 1.5 times the box size from the nearest box 
limit and dots are extremes. 

 8



BBC BCC BLB BOP BRF BSC BWP CA CN IC IS

0
20

40
60

80
10

0

H
ue

BBC BCC BLB BOP BRF BSC BWP CA CN IC IS

20
40

60
80

Sa
tu

ra
tio

n

BBC BCC BLB BOP BRF BSC BWP CA CN IC IS

30
40

50
60

70
80

90

Locality

Br
ig

ht
ne

ss

 
Figure 4. Hue, saturation and brightness of D. pumilio at 11 different localities. Definition of plots as 
described in figure 3.
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AFLP  
The three primer combinations yielded a total of 67 polymorphic markers (Table 2), 
which were used in all genetic analyses. When I used STRUCTURE with all individuals 
without prior population information I got the highest probability for eight and ten 
populations (fig. 5). The first break in the slope at K = 8 followed by a plateau indicates 
that eight is the most likely to agree with the true number of populations (Evanno et al. 
2005). When analyzing the assignment output, two clusters were mixed within four 
clustering localities suggesting a true structure of seven populations. These clustered as 
B1 consisting of BSC-BLB-BOP-BCC, B2 consisting of BBC-BWP-BRF-IC, PV, CA, 
IP, CN, and IS-CB (Fig 6). 
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Figure 5. ln probability and posterior probability of K, number of clusters.  
 
The global θb was 0.2769 ± 0.0203 showing a distinct population differentiation. All but 
4 pair wise values were significantly different from zero (table 3). PTΦ
 
Table 3. Pair wise  values among the localities of D. pumilio below diagonal and probability values 
based on 999 permutations above diagonal. Non significant values are shown in bold numbers. 

PTΦ

 BSC BLB BOP BCC BBC BWP BRF IC IS CB IP CN PV CA 

BSC  0.008 0.002 0.153 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BLB 0.044  0.005 0.090 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BOP 0.061 0.050  0.167 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BCC 0.015 0.021 0.015  0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BBC 0.298 0.223 0.314 0.255  0.076 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BWP 0.403 0.327 0.414 0.361 0.023  0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
BRF 0.181 0.087 0.202 0.142 0.136 0.252  0.001 0.001 0.001 0.001 0.001 0.001 0.001 
IC 0.226 0.133 0.229 0.171 0.118 0.191 0.097  0.001 0.001 0.001 0.001 0.001 0.001 
IS 0.338 0.271 0.324 0.332 0.400 0.495 0.313 0.309  0.001 0.001 0.001 0.001 0.001 
CB 0.355 0.283 0.305 0.324 0.383 0.465 0.307 0.281 0.118  0.001 0.001 0.001 0.001 
IP 0.181 0.152 0.174 0.148 0.294 0.383 0.162 0.215 0.304 0.262  0.001 0.001 0.001 
CN 0.244 0.176 0.216 0.206 0.283 0.369 0.244 0.214 0.401 0.350 0.182  0.001 0.001 
PV 0.443 0.428 0.440 0.425 0.450 0.505 0.411 0.449 0.534 0.514 0.436 0.492  0.001 
CA 0.355 0.309 0.311 0.288 0.399 0.482 0.341 0.314 0.418 0.396 0.277 0.347 0.500  
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Figure 6. Dendrogram of 14 localities of D. pumilio Based on Nei's Genetic distance showed to the left. 
Clustering method used was UPGMA modified from the NEIGHBOR procedure of PHYLIP Version 3.5 
and visualized by TreeView. The seven clusters calculated by STRUCTURE are shown to the right (length 
of branches are not correlated with genetic distance). 
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I found a significant isolation by distance pattern (p< 0.001). Genetic distance defined 
as /1-  is plotted against the geographic distance in fig 7. PTΦ PTΦ
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Figure 7. Genetic distance plotted against geographic distance in the localities of D. pumilio in Bocas del 
Toro area, showing significant isolation by distance. 
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I split BBC into two populations, red (n=10) and green/yellow (n=16) according to the 
distinct pattern of hue and saturation (fig. 8.) (three brownish intermediate individuals 
were excluded). The  between the two groups was 0.004 with a probability value of 
0.390 indicating no genetic divergence between colour morphs within BBC. 
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Figure 8. Saturation and hue plotted for individuals of D. pumilio at the locality BBC. 
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Discussion 
Sexual selection is an important factor affecting phenotypic variation, and can lead to a 
change in the appearance of males, females or both. I found that the sexes did not differ 
in length when analysing the whole dataset but I got two significant differences when 
looking within each population. The size differences were in opposite directions (BRF 
males where larger and in IC females were larger). This may be explained by sexual 
selection for different traits in the two populations. Considering the small sample sizes 
(14 males and 7 females) this may also be due to biased sampling or chance. I found 
morphological difference between males and females in colouration for three localities. 
In IS, females were brighter than males, in BRF the hue were different and in BBC the 
hue were different and the saturation were lower in females than in males. The difference 
in hue and saturation in BBC is in the direction that males are more frequently red and 
females more green/yellow. At the BWP locality only 800 metres apart from BBC we 
only found one green individual out of approximately 50 otherwise red individuals. 
According to my results the red and green/yellow individuals of BBC are not two 
differentiated populations, although mate choice studies, similar to that of Summers et al. 
(1999), within and between these morphs would be needed to determine whether an 
ecological isolation is occurring. Females have a higher parental investment then males in 
D. pumilio and the divergence in colouration seems to be driven by mate selection by 
females (Summers et. al 1997). My results suggest that sexual dimorphism can not 
explain more than a fraction of the observed morphological variation, and that sexual 
selection in D. pumilio affects the size and colour equally in both sexes. The differences 
in size among populations may be genetic and caused by selection and/or drift, but it may 
also be caused by phenotypic plasticity that is common in amphibians (Alcobendas and 
Castanet 2000, Teplitsky et al. 2004) 
 
The morphological variability within D. pumilio is in contradiction to Müllerian mimicry, 
where natural selection should favour convergence of colour and pattern and disfavour a 
new warning pattern in an already aposematic unpalatable species (Summers et al. 1997, 
Mallet and Joron 1999). This would at the same time keep aposematic populations fixed 
and sharply separated from each other (Fox 1955, Mallet et al. 1990). In contrast, there is 
a clinal variation for some mainland morphs (Summers et al. 2003), and I found clear 
transitional morphs between localities on Bastimentos. The colour morphs of D. pumilio 
are easily seen and potentially easily recognized both by conspecifics and by predators. 
The predators do not recognize their toxic prey through particular colours but because 
they are bright coloured objects in a mainly green and brown environment (Siddiqi at al. 
2004). Moreover, the variation in colour does not seem to be explained by differences in 
toxicity (Daly and Myers 1967). 
 
All genetic analyses showed similar results regarding the genetic structure of the 
populations of Bocas del Toro archipelago. A clear isolation by distance was found and 
the most isolated populations of Cayo Agua and especially Punta Valiente were clearly 
genetically diverged from all the other populations which agrees with the past sea level 
change (Summers et al. 1997). Most localities were genetically distinct, even ones on the 
same island only 1600 metres apart without no obvious geographical barriers. The three 
western populations on Bastimentos were closely related to that of Isla Colon (IC) and 
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had a much higher genetic variance than the other populations. Summers et al. (2004) 
have shown that different colour morphs can interbreed to produce viable offspring. The 
offspring typically displayed a mixture of the parent’s colours that was less intense and 
saturated. The offspring also inherited a dorsal pattern if any of the parents displayed one. 
The high similarity between IC and the three western localities of Bastimentos is difficult 
to explain unless there is a recent and/or present migration. If so, this might be an 
explanation to the presence of green colour and the loss of brightness and saturation on 
the individuals on west Bastimentos (BWP and BBC). The genetic results support the 
theory that isolation, causing low gene flow is responsible for most of the variation in D. 
pumilio. 
 
A relatively close relationship was found between the populations of Isla San Cristobal 
and mainland Cerro Brujo. Despite this close relationship these populations seem much 
more morphologically diverse than for example the more genetic distant Bastimentos and 
Cayo Nancy populations. The loss of red colour in D. pumilio might be due to a single 
mutation as suggested by the discovery of completely blue mutants in the otherwise red 
bodied and blue legged Costa Rican populations (M. Donnelly pers. comm. in Summers 
et al. 2004). With this in mind it is interesting to notice that some of the mainly red IS 
individuals have blue legs, feet and one individual even had blue abdomen leading to the 
conclusion that this, for us dramatic, difference between colour morphs on a small 
geographical scale might not be as dramatic genetic change. 
 
Conservational applications 
The geographic isolation, variation in morphology, behaviour and genetic structure 
among the archipelagic Bocas del Toro localities of D. pumilio are pronounced. 
Considering all these factors as well as the apparently low gene flow they should, by the 
rationale of Crandall et al. 2000, be defined as distinct populations. This, as well as the 
habitat loss mainly caused by the construction of houses and hotels and clearing of 
surrounding areas, indicate that some of the isolated and very morphologically distinct 
populations of the Bocas del Toro area ought to be considered more threatened than 
indicated by the present red list category least concern by IUCN. Further, the genetic and 
morphologic structure of D. pumilio reveals the presence of geographic barriers that is 
not obvious to us but that apparently to some extent isolates populations. This suggests 
that we should be aware of that such isolation is also much likely to occur even within 
species that do not show as clear morphological differences as in this case. 
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