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Jeffery Frederick is a PhD candidate and National Science Foundation Graduate Student 
Research Fellow in the McGuire Lab at UC Berkeley and the MVZ. He has over 13 years 
of experience in biological research and has contributed thousands of specimens to 
natural history collections. His work on wildlife ecology spans broad taxonomic 
disciplines (bats, seabirds, large mammals, reptiles, and amphibians). His current doctoral 
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Research Proposal 
 
Study #1: Evolution of Anolis in response to xeric-mesic gradients 
 
Background: Repeated convergent evolution has captured the interest of generations of 
biologists in part because it implies some degree of determinism in evolution, whether 
through natural selection toward common adaptive peaks or shared evolutionary 
constraints (Losos 2011). Although phenotypic convergence is a widely occurring 
phenomenon, our understanding of the degree of overlap between phenotypic 
convergence and convergence in the underlying cellular, developmental, and genetic 
architecture is limited. On the genetic level, the prevailing hypothesis is that the more 
closely related the species or populations, the more likely that similar adaptive 
phenotypes are generated through the same genetic pathways due to selection acting on a 
more similar genetic background (Simpson 1967; Arendt and Reznick 2008; Conte et al. 
2012). If this hypothesis is true, it is likely that convergence in developmental and 
cellular pathways that mediate the relationship between genotype and phenotype follow a 
similar pattern. However, recent work on the molecular basis of convergence has shown 
that although the expected pattern is sometimes observed (Colosimo et al. 2005; Wood et 
al. 2005), these general hypotheses may be unsupported for many groups (Hoekstra and 
Nachman 2003; Hoekstra et al. 2006; Rosenblum et al. 2010). Thus, the degree to which 
phenotypic convergence is mirrored by convergence in underlying genetic and cellular 
architecture at varying evolutionary scales remains unresolved. Here, we propose to 
leverage the striking phenotypic convergence across the Lesser Antillean anoles to 
examine the interplay of evolutionary scales and the overlap of genetic, cellular, and 
phenotypic patterns of convergence.   
 
The Lesser Antilles were independently colonized by two divergent groups of Anolis. 
The Windward Islands were colonized by the roquet series from South America, whereas 
the Leeward Islands were colonized by the bimaculatus series from the Greater Antilles 
(Underwood 1959). Each island consists of one or two Anolis species, which display 
remarkable within-species phenotypic variation despite high levels of gene flow between 
populations (Stenson et al. 2002). The roquet series and at least two species in the 
bimaculatus series show strong phenotypic convergence in response to similar xeric-
mesic environmental gradients across islands (Thorpe et al., 2015). Within each species, 
coastal xeric forms are paler in coloration, while montane mesic forms are brighter 
green/blue. These phenotypic patterns have also arisen independently multiple times 
within a species for several anoles (Thorpe et al. 2015). Thus, the Lesser Antillean anoles 
provide an opportunity to conduct comparative studies of adaptive color convergence at 
various phylogenetic scales (across populations, across closely-related species within a 
series, and across distantly-related clades).  
 
Sint Maarten are home to two species of Anolis lizards: A. gingivinus and A. pogus.  Both 
species exhibit dramatic variation in coloration and pattern throughout their range (Lazell 
1972). Sint Maarten displays a range of habitats found throughout the Lesser Antilles 
including coastal dry scrub and interior mesic forest. However, variation in color and 
pattern as it relates to habitat differences has not been extensively examined in these 



species. We propose to sample A. gingivinus and A. pogus to understand habitat 
adaptation in each species. This research will be part of a broader study encompassing 
multiple Lesser Antillean islands in order to study the mechanisms behind color evolution 
and adaptation to xeric-mesic habitat gradients in anoles.  
 
Questions: (I) Are xeric and mesic populations of A. gingivinus and A. pogus different 
morphologically (i.e. color, scalation, skeletal structure) and ecologically (i.e. abundance, 
diet, perch behavior)? (III) What are the cellular and genetic underpinnings of these 
differences? (II) Are these differences consistent with differences observed in other 
species of Anolis in the Lesser Antilles?  
 
Protocol: We propose to sample up to 50 individuals of each species (A. pogus and A. 
gingivinus). For each individual we will take field measurements including snout-vent 
length, perch height, and perch substrate. These individuals will be broadly surveyed in 
order to understand genetic structure and gene flow between xeric and mesic habitats. 
Animals surveyed for this purpose will be measured, photographed, and released alive at 
site of capture after removing 1-2cm of tail tissue for genetic analysis. Each individual 
will be acclimated in an opaque cloth bag to reduce stress following capture in order to 
better standardize color photographs before release. Lizards have innate ability to 
autotomize their tails (Cox 1969) allowing removal of a small amount of tissue for 
genetic analysis without substantially adversely impacting the animal (Langkilde and 
Shine 2006; García-Muñoz et al. 2011; Herrel et al. 2012).  
 
For a subset of five male individuals of A. gingivinus from one dry site and one wet site. 
Each individual will be acclimated in an opaque cloth bag to reduce stress following 
capture. We will then photograph each individual and measure color using a portable 
spectrometer. Because liver and skin are primary pigment metabolizing organs, we will 
humanely euthanize these 10 individuals following protocols approved by the University 
of California Animal Use and Care Committee and collect relevant organs in RNAlater 
for gene expression analyses. Additionally, a second in formaldehyde for histological 
study. Specimens will then be prepared as scientific research specimens for deposit in the 
Museum of Vertebrate Zoology as a resource for the broader scientific community. 
Additionally, euthanized A. gingivinus will be used for detailed morphological study 
including x-ray and CT-scanning analyses. We recognize that lethal sampling techniques 
may be undesirable and so are willing to forgo this aspect of the project or adjust 
sampling numbers at the discretion of the Nature Foundation Sint Maarten. Because A. 
pogus populations are vulnerable and of conservation concern, we are not requesting non-
lethal sampling of the species.  
 
Tissues will be shipped back to the United States for analyses. To place our study in the 
evolutionary context of Anolis on Sint Maarten, we will use DNA from both our focal 
population and additional georeferenced tail clips. We will sequence samples using 
restriction-site associated DNA sequencing (RAD-seq) to examine genetic population 
structure throughout the island and to model gene flow between xeric and mesic regions. 
Skin tissue will be examined using a combination of light and transmission electron 
(TEM) microscopy at the University of California, Berkeley’s Electron Microscopy Lab. 



We will examine the distribution and structure of color producing chromatophore cells 
within the epidermis of each lizard to understand how cellular morphology is related to 
coloration. Finally, we will sequence transcriptomes (RNA-seq) for skin tissue to 
examine differences in gene expression between xeric and mesic populations relating to 
habitat adaptation and coloration.  
 
Preliminary Data: We have previously completed fieldwork studying A. lividus on the 
island of Montserrat as part of our broader study. We demonstrate clear morphological 
patterns in A. lividus which correlates with habitat and climatic (temperature and 
precipitation) differences across the island. For example, we demonstrate reserve 
Bergmann’s rule or smaller individuals in cooler climates (ANOVA: F = 7.90, P = 0.005) 
as trend that has been observed in other reptiles (Ashton and Feldman 2007). We also 
show evidence of Allen’s rule of shorter appendages relative to body size in cooler 
climates (F = 7.90, P = 0.011; Fig. 1A) similar to what has been described in other anoles 
(Jaffe et al. 2016). Montane rainforest populations of A. lividus also have fewer and 
larger scales compared to coastal xeric populations (F = 9.23, P = 0.006; Fig. 1B), as well 
as being darker and greener (all R2 > 0.368, P < 0.001). These patterns of scalation and 
color demonstrate constituent patterns in response to habitat variation extends to 
bimaculatus series anoles in the Leeward Islands suggesting that broad comparative 
studies are possible in this system (Thorpe et al. 2015). We are continuing to process 
samples from Montserrat including cellular and genetic work described above (see 
Protocol). Additionally, we have recently completed field work on Sint Eustatius, Saint 
Kitts, and Nevis toward the proposed project. Our work on Montserrat provides a first 
case study in xeric-mesic adaptation in anoles from which we will build comparative 
studies following the completion of planned sampling on additional species and islands. 
 

 
 
Broader Impacts: These data will be used for non-commercial scientific research. Our 
primary goal is the dissemination of new knowledge. To that end, we will publish 
research findings in peer-reviewed scientific journals. Upon any publication, either 
scientific or popular press, we will provide PDF copies to the Nature Foundation Sint 

Fig. 1 For A. lividus: (A) Plot of 
limb PC2 and bioclimatic PC1 
(temperature and precipitation) 
showing adherence to Allen’s 
rule. (B) Plot of morphology 
PC2 (inverse scale number) and 
bioclimatic PC1. For A and B, 
dominant variables for each PC 
are denoted. Precipitation and 
temperature are inversely 
related.  
	



Maarten. We welcome opportunities to collaborate with local scientists should there be 
interest, including authorship on any publications for which they substantially contribute. 
Additionally, we will provide all data files, field notes, and photographs to the Nature 
Foundation Sint Maarten for their use. This study will broadly contribute to our 
understanding of convergent evolution and adaptation to habitat gradients. We also hope 
to contribute information of value to the people of Sint Maarten including a systematic 
inventory of diversity within native anoles and estimates of genetic diversity which may 
be valuable for management planning particularly for the vulnerable A. pogus. Finally, 
this project will be used to construct outreach activities highlighting the diversity of the 
Lesser Antilles including exhibits at the Museum of Vertebrate Zoology, the California 
Academy of Sciences, and the National Museum of Natural History. The investigators 
have previously worked with or are affiliated with each of these institutions. Any public 
educational material produced from this research will also be provided to the Nature 
Foundation Sint Maarten for use.  
 
 
  



Study #2: Comparative phylogeography of Leeward Island amphibians and reptiles 
 
Background: The Leeward Islands of the Lesser Antilles form a volcanic island chain in 
the along the edge of the Caribbean plate (Tomblin 1975; Kopp et al. 2011). A global 
biodiversity hotspot (Myers et al. 2000), the Lesser Antilles are characterized by high 
rates of endemism across islands and colonization by both South American and Greater 
Antillean lineages. Despite the high levels of diversity and extensive work on geological 
history, population genetic and phylogeographic study of the region remains limited. 
Studies have generally focused on the history of colonization between islands (Kaiser 
1997; Carstens et al. 2004; Stenson et al. 2004; Martin et al. 2015). Yet, distributions 
remain idiosyncratic and for many species our understanding both interisland 
colonization and how within island forces shapes genetic structure remain limited.  
 
Our research focused on understanding the evolutionary history of the Lesser Antilles 
through comparative study of amphibians and reptiles. Specifically, we are focusing on 
three groups: Eleutherodactylus johnstonei (Antilles whistling frog), Thecadactylus 
geckos (turnip-tailed geckos), and Sphaerodactylus geckos (least geckos). Each of these 
are widely distributed throughout the Lesser Antilles, although their evolutionary 
histories are distinct. Thus, they provide an opportunity to examine the shared and 
divergent forces which has shaped their colonization of the Lesser Antilles and within 
island genetic diversity.  
 
Eleutherodactylus johnstonei – Widespread throughout the Lesser Antilles, the native 
range of E. johnstonei is uncertain (Kaiser 1997). It is believed that they are native to the 
northern Lesser Antilles including Sint Maarten, however, three distinct origins have 
been suggested including a northern Lesser Antillean origin, a southern Lesser Antillean 
origin, and a Barbados origin (Kaiser 1997). Eleutherodactylus johnstonei is also one of 
the most widespread invasive species globally (Rödder 2010; Ernst et al. 2011). 
Therefore, E. johnstonei presents an opportunity to not only study the evolutionary 
history of widespread native species throughout the Lesser Antilles, but also to answer 
questions about its endemism. Using next-generation sequencing and demographic 
modeling, we will attempt to infer the origin of E. johnstonei, and the route of spread 
throughout the Lesser Antilles both natural and human-mediated.  
 
Thecadactylus geckos – Turnip-tailed geckos (genus Thecadactylus) are a cosmopolitan 
species complex ranging from the Yucatan to the Amazon basin and the Lesser Antilles. 
Previous studies have shown that genetic diversity in mainland Thecadactylus rapicauda 
is limited throughout their range (Kronauer et al. 2005; Bergmann and Russell 2007). 
However, these studies were limited in data to a single gene and the recent description of 
new species in the Amazon headwaters (T. solimoensis) and Sint Maarten T. 
oskrobapreinorum) suggest that cryptic diversity exists within this species (Bergmann 
and Russell 2007; Koehler and Vesely 2011). Additionally, historical sampling in the 
Lesser Antilles is poor limiting the potential to understand phylogeographic history in the 
region. Therefore, we propose to utilize next-generation sequencing to examine fine-scale 
diversity of T. rapicauda and T. oskrobapreinorum throughout the Lesser Antilles 



including inferring routes of colonization from the mainland and subsequent spread 
across islands.  
 
Sphaerodactylus geckos – Geckos within the genus Sphaerodactylus are widely 
distributed throughout the Americas including the Caribbean. We are interested in the 
evolutionary history of species which inhabit the islands of the Lesser Antilles. Sint 
Eustatius is home to two species: S. parvus and S. sputator. Both of these species are 
widely distributed in the northern Leeward islands. Much like their southern relatives, S. 
vincenti and S. fantasticus (Thorpe et al., 2008; Surget-Groba & Thorpe, 2012), these 
nominal species likely form species complexes throughout these islands. We propose to 
examine the evolutionary history of S. parvus and S. sputator in the Leeward Islands in 
comparison with our other focal taxa to understand similarities and differences in routes 
of colonization and diversification after isolation. We will examine evidence for cryptic 
diversity and genetically distinct lineages within these species complexes throughout the 
Lesser Antilles.  
 
Invasive species – In addition to our focal native species, we propose to collect tissues 
from invasive amphibians and reptiles. Invasive species may be important vectors of 
diseases which affect native species including Bd fungus in frogs and malaria in 
squamate reptiles. Although not a direct focus of our research, we collaborate with 
researchers interested in disease ecology and the spread of global invasive species. We 
will work with our collaborators to incorporate tissues collected from invasive species 
into our understanding of the role of invasive in disease dynamics throughout the 
Caribbean. Specifically, we propose to collect samples from three known invasives: the 
Cuban tree frog (Osteopilus septentrionalis), the red-snouted tree frog (Scinax ruber), 
and the house gecko (Hemidactylus mabouia).    
 
Questions: (I) How are populations within a species related across the Lesser Antilles? 
(II) How is genetic diversity distributed across and within islands? (III) What is the 
colonization history and timing of each species throughout the Lesser Antilles and how 
does that relate to the volcanic history of the region? (IV) Are phylogeographic patterns, 
i.e. Questions I-III, consistent across species? (V) Is there cryptic diversity within 
species? 
 
Protocol: Sampling will take place throughout Sint Maarten in order to fully sample the 
distribution of each study organism. We will sample a maximum of 25 individuals for E. 
johnstonei distributed across the island (Table 1). Frogs will be captured by hand. To 
characterize the distribution of dorsal patterns we will photograph each individual in a 
standardized light box set up. Higher density of sampling for E. johnsontei is reflective of 
the abundance of the species, particularly in human-altered habitats, and a desire to fully 
characterize the distribution of dorsal patterns present on the island. In addition, all frogs 
will be swabbed to test for the skin pathogen chytrid fungus Bd following an established 
protocol (Amphibiaweb: amphibiaweb.org/chytrid/swab_protocol.html). We will sample 
up to 10 individuals of T. oskrobapreinorum and 25 each of S. sputator and S. parvus 
throughout the islands. Lizards will be captured either by hand of through lizard-noosing. 
If permitted, we request the ability to humanely euthanize up to five individuals of each 



species to be prepared as museum specimens to be housed at the Museum of Vertebrate 
Zoology (Table 1). Museum specimens will provide valuable morphological vouchers 
allowing for detailed analyses through x-rays and CT-scanning to determine 
morphological differences across islands that may be characteristic of distinct populations 
or species. However, we recognize that destructive sampling may be undesirable and 
defer to the judgement of the Nature Foundation Sint Maarten. All other individuals 
sampled for this study will be released alive. Each individual will be photographed and 
tissued. Lizards will be tissued via tail clip at natural break plains and frogs will be 
tissues by shallow toe-clip following aseptic technique. Tissues will be preserved in 
RNAlater for shipment to the United States.  
 
For invasive species, we will conduct similar sampling protocols. We propose to sample 
to 25 individuals of each species. Frogs will be captured by hand, swabbed for Bd, and 
tissued. Hemidactylus mabouia will be captured by hand or lizard-noosing technique. 
Blood samples will be taken from lizards in addition to tail tissue to examine for evidence 
of squamate malaria. Because invasive species are often undesirable to the local 
ecosystem, we will humanely euthanize all captured invasive individuals following 
protocols approved by the University of California Institutional Animal Care and Use 
Committee. If euthanized, a subset of five animals will be prepared as museum 
specimens and for educational and scientific purposes at the Museum of vertebrate 
Zoology or donated to the Nature Foundation Sint Maarten. Alternatively, these 
individuals may also be re-released alive if desired by the Nature Foundation Sint 
Maarten.  
 
We will sequence samples using restriction-site associated DNA sequencing (RAD-seq) 
(Miller et al. 2007). This high-throughput protocol will generate single nucleotide 
polymorphisms (SNPs) distributed throughout the genome of each species allowing for 
analysis of genetic diversity while controlling costs. All genetic analysis will take place at 
the University of California, Berkeley. We will analyze our RAD-seq generated SNP data 
to understand the evolutionary history of each species. In brief, we will reconstruct 
phylogenies for each species representing how various populations throughout the Lesser 
Antilles are related to each other and the mainland. We will then conduct demographic 
modeling to infer the population demographic history of each species. This will allow us 
to infer routes of colonization and genetically distinct populations, as well as source 
populations of potential non-native populations. Additionally, we will examine 
phylogeographic patterns within each island to identify distinct within island lineages and 
to understand how geologic history may have played a role in generating population 
genetic structure.   
 
Preliminary Data: We have previously sampled all three focal taxa on the island of 
Montserrat, Sint Eustatius, Saint Kitts, and Nevis following similar protocols to those 
described here. These tissues have yielded high quality DNA and have been used to 
optimize laboratory procedures. Additionally, we have requested museum-held tissue 
vouchers from across the mainland native range of T. rapicauda, as well as offshore 
Venezuelan islands and Trinidad, in order to examine routes of colonization of the Lesser 
Antilles from the mainland. We have also acquired representative samples of E. 



johnstonei from collaborators from throughout the Lesser Antilles including Sint 
Maarten, Guadeloupe, Dominica, Martinique, St. Lucia, St. Vincent, Grenada, and 
Barbados. However, our present sampling on Sint Maarten is limited both in sample size 
(N = 5) and geographic distribution. Our data suggest two potential major lineages of E. 
johnstonei (Fig. 2). Combined with our existing and upcoming sampling, tissues collected 
from Sint Maarten will allow for detailed comparative phylogeographic study of these 
taxa.  
 

 
Fig. 2 Left: mitochondrial (12S and Cyt-b) phylogeny of E. johnstonei throughout the 
Lesser Antilles. Grey dots represent nodes with posterior support greater than 0.95. We 
recovered two major clades separated between Antigua and Montserrat. The island of 
Montserrat is divided into three lineages in which all other northern island populations 
(St. Kitts, Nevis, St. Eustatius, and St. Maarten) are nested within. Right: sampling map 
denoting the proportion of sampled individuals corresponding to mitochondrial lineages.  
 
Broader Impacts: As with samples collected for Study #1, data from our 
phylogeographic studies will be used for both will be used for non-commercial scientific 
research and public outreach. Understanding the colonization of the Lesser Antilles will 
provide valuable scientific insight into the evolutionary history of this biodiversity 
hotspot. Notably, we hope to help understand the idiosyncrasies of species distributions 
in the region and how it relates to species traits and the geologic history of each island. 
Additionally, our data will be relevant to conservation concerns. With the description of a 
new species of Thecadactylus on Sint Maarten (Koehler and Vesely 2011), new concerns 
have been raised about potential cryptic diversity across the Lesser Antilles. We hope to 
help resolve the species status of Thecadactylus throughout the region to allow for more 
effective conservation planning. For E. johnstonei, our data will contribute to our 
understanding of its native range, which is currently in dispute (Kaiser 1997). As a highly 



invasive species in some regions (Kaiser 1997), knowledge of which islands were 
colonized naturally and which islands represent modern invasions is fundamentally 
important to how the species in managed at a local level. Lastly, our phylogeographic 
data will also provide information on evolutionarily distinct populations within a species 
(Moritz 1994) and characterize population genetic diversity on the island, which may 
provide valuable information to the Nature Foundation Sint Maarten.  
 
Although we (listed investigators) do not directly study disease ourselves, with the 
permission of the Department of Environment, we will collect blood samples (separated 
from tail clips) and frog skin swabs to maximize the potential data from each individual. 
With permission, these samples will be utilized by direct collaborating investigators 
specializing in amphibian and reptile diseases to facilitate the generation of useful 
knowledge from these samples. Any publication stemming from this proposed research, 
including disease studies published by our collaborators which utilize our samples, will 
be provided to the Nature Foundation Sint Maarten as free PDFs. 
 
Table 1 Requested maximum sampling from Sint Maarten for each species. IUCN Red 
List status is listed if known and native to the island. Whole specimens will only be taken 
with explicit permission from the Nature Foundation Sint Maarten. Alternatively, 
sampling will be restricted to only non-lethal techniques including tissue sampling.  
 
Species Status Tissue 

Sample 
Whole 

Specimen* 
Anolis gingivinus Not Evaluated 50 10 
Anolis pogus Vulnerable 50 0 
Eleutherodactylus johnstonei Least Concern 25 5 
Thecadactylus oskrobapreinorum Not Evaluated 10 5 
Sphaerodactylus sputator Least Concern 25 5 
Sphaerodactylus parvus Not Evaluated 25 5 
Osteopilus septentrionalis Introduced 25 5 
Scinax ruber Introduced 25 5 
Hemidactylus mabouia Introduced 25 5 

  



References 
 
Arendt, J., and D. Reznick. 2008. Convergence and parallelism reconsidered: what have 

we learned about the genetics of adaptation? Trends Ecol. Evol. 23:26–32. 
Ashton, K. G., and C. R. Feldman. 2007. Bergmann’s rule in nonavian reptiles: turtles 

follow it, lizards and snakes reverse it. Evolution 57:1151–1163. 
Berger, L., R. Speare, P. Daszak, D. E. Green, A. A. Cunningham, C. L. Goggin, R. 

Slocombe, M. A. Ragan, A. D. Hyatt, K. R. McDonald, H. B. Hines, K. R. Lips, 
G. Marantelli, and H. Parkes. 1998. Chytridiomycosis causes amphibian mortality 
associated with population declines in the rain forests of Australia and Central 
America. Proc. Natl. Acad. Sci. 95:9031–9036. 

Bergmann, P. J., and A. P. Russell. 2007. Systematics and biogeography of the 
widespread Neotropical gekkonid genus Thecadactylus (Squamata), with the 
description of a new cryptic species. Zool. J. Linn. Soc. 149:339–370. 

Carstens, B. C., J. Sullivan, L. M. Davalos, P. A. Larsen, and S. C. Pedersen. 2004. 
Exploring population genetic structure in three species of Lesser Antillean bats. 
Mol. Ecol. 13:2557–2566. 

Colosimo, P. F., K. E. Hosemann, S. Balabhadra, G. Villarreal, M. Dickson, J. 
Grimwood, J. Schmutz, R. M. Myers, D. Schluter, and D. M. Kingsley. 2005. 
Widespread parallel evolution in sticklebacks by repeated fixation of 
ectodysplasin alleles. Science 307:1928–1933. 

Conte, G. L., M. E. Arnegard, C. L. Peichel, and D. Schluter. 2012. The probability of 
genetic parallelism and convergence in natural populations. Proc R Soc B 
rspb20122146. 

Cox, P. G. 1969. Some aspects of tail regeneration in the lizard, Anolis carolinensis. I. A 
description based on histology and autoradiography. J. Exp. Zool. 171:127–149. 

Crandall, K. A., O. R. P. Bininda-Emonds, G. M. Mace, and R. K. Wayne. 2000. 
Considering evolutionary processes in conservation biology. Trends Ecol. Evol. 
15:290–295. 

Daszak, P., A. A. Cunningham, and A. D. Hyatt. 2003. Infectious disease and amphibian 
population declines. Divers. Distrib. 9:141–150. 

Ernst, R., D. Massemin, and I. Kowarik. 2011. Non-invasive invaders from the 
Caribbean: the status of Johnstone’s Whistling frog (Eleutherodactylus 
johnstonei) ten years after its introduction to Western French Guiana. Biol. 
Invasions 13:1767–1777. 

Frankham, R. 2010a. Inbreeding in the wild really does matter. Heredity 104:124–124. 
Frankham, R. 2010b. Where are we in conservation genetics and where do we need to 

go? Conserv. Genet. 11:661–663. 
García-Muñoz, E., F. Ceacero, L. Pedrajas, A. Kaliontzopoulou, and M. Á. Carretero. 

2011. Tail tip removal for tissue sampling has no short-term effects on 
microhabitat selection by Podarcis bocagei, but induced autotomy does. Acta 
Herpetol. 6:223–227. 

Herrel, A., G. J. Measey, B. Vanhooydonck, and K. A. Tolley. 2012. Got it clipped? The 
effect of tail clipping on tail gripping performance in chameleons. J. Herpetol. 
46:91–93. 



Hoekstra, H. E., R. J. Hirschmann, R. A. Bundey, P. A. Insel, and J. P. Crossland. 2006. 
A single amino acid mutation contributes to adaptive beach mouse color pattern. 
Science 313:101–104. 

Hoekstra, H. E., and M. W. Nachman. 2003. Different genes underlie adaptive melanism 
in different populations of rock pocket mice. Mol. Ecol. 12:1185–1194. 

Hughes, A., and D. New. 1959. Tail Regeneration in the Geckonid Lizard, 
Sphaerodactylus. Development 7:281–302. 

Jaffe, A. L., S. C. Campbell-Staton, and J. B. Losos. 2016. Geographical variation in 
morphology and its environmental correlates in a widespread North American 
lizard, Anolis carolinensis (Squamata: Dactyloidae). Biol. J. Linn. Soc. 117:760–
774. 

Kaiser, H. 1997. Origins and introductions of the Caribbean frog, Eleutherodactylus 
johnstonei (Leptodactylidae): management and conservation concerns. Biodivers. 
Conserv. 6:1391–1407. 

Koehler, G., and M. Vesely. 2011. A new species of Thecadactylus from Sint Maarten, 
Lesser Antilles (Reptilia, Squamata, Gekkonidae). ZooKeys 118:97–107. 

Kopp, H., W. Weinzierl, A. Becel, P. Charvis, M. Evain, E. R. Flueh, A. Gailler, A. 
Galve, A. Hirn, A. Kandilarov, D. Klaeschen, M. Laigle, C. Papenberg, L. 
Planert, and E. Roux. 2011. Deep structure of the central Lesser Antilles Island 
Arc: Relevance for the formation of continental crust. Earth Planet. Sci. Lett. 
304:121–134. 

Kronauer, D. J. C., P. J. Bergmann, J. M. Mercer, and A. P. Russell. 2005. A 
phylogeographically distinct and deep divergence in the widespread Neotropical 
turnip-tailed gecko, Thecadactylus rapicauda. Mol. Phylogenet. Evol. 34:431–
437. 

Langkilde, T., and R. Shine. 2006. How much stress do researchers inflict on their study 
animals? A case study using a scincid lizard, Eulamprus heatwolei. J. Exp. Biol. 
209:1035–1043. 

Lazell, J. D. 1972. The anoles (Sauria, Iguanidae) of the Lesser Antilles. Bull. Mus. 
Comp. Zool. 143:1–115. 

Losos, J. B. 2011. Convergence, Adaptation, and Constraint. Evolution 65:1827–1840. 
Lötters, S., J. Kielgast, J. Bielby, S. Schmidtlein, J. Bosch, M. Veith, S. F. Walker, M. C. 

Fisher, and D. Rödder. 2009. The link between rapid enigmatic amphibian decline 
and the globally emerging chytrid fungus. EcoHealth 6:358–372. 

Martin, J. L., C. R. Knapp, G. P. Gerber, R. S. Thorpe, and M. E. Welch. 2015. 
Phylogeography of the endangered Lesser Antillean iguana, Iguana delicatissima: 
a recent diaspora in an archipelago known for ancient herpetological endemism. J. 
Hered. 106:315–321. 

Miller, M. R., J. P. Dunham, A. Amores, W. A. Cresko, and E. A. Johnson. 2007. Rapid 
and cost-effective polymorphism identification and genotyping using restriction 
site associated DNA (RAD) markers. Genome Res. 17:240–248. 

Moritz, C. 1994. Defining “Evolutionarily Significant Units” for conservation. Trends 
Ecol. Evol. 9:373–375. 

Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. B. da Fonseca, and J. Kent. 2000. 
Biodiversity hotspots for conservation priorities. Nature 403:853. 



Rödder, D. 2010. Human Footprint, facilitated jump dispersal, and the potential 
distribution of the invasive Eleutherodactylus johnstonei Barbour 1914 (Anura 
Eleutherodactylidae). Trop. Zool. 22:205–217. 

Rosenblum, E. B., H. Römpler, T. Schöneberg, and H. E. Hoekstra. 2010. Molecular and 
functional basis of phenotypic convergence in white lizards at White Sands. Proc. 
Natl. Acad. Sci. 107:2113–2117. 

Simpson, G. G. 1967. The Meaning of Evolution: A Study of the History of Life and of 
Its Significance for Man. Yale University Press. 

Stenson, A. G., A. Malhotra, and R. S. Thorpe. 2002. Population differentiation and 
nuclear gene flow in the Dominican anole (Anolis oculatus). Mol. Ecol. 11:1679–
1688. 

Stenson, A. G., R. S. Thorpe, and A. Malhotra. 2004. Evolutionary differentiation of 
bimaculatus group anoles based on analyses of mtDNA and microsatellite data. 
Mol. Phylogenet. Evol. 32:1–10. 

Thorpe, R. S., A. Barlow, A. Malhotra, and Y. Surget-Groba. 2015. Widespread parallel 
population adaptation to climate variation across a radiation: implications for 
adaptation to climate change. Mol. Ecol. 24:1019–1030. 

Tomblin, J. F. 1975. The Lesser Antilles and Aves Ridge. Pp. 467–500 in The Gulf of 
Mexico and the Caribbean. Springer, Boston, MA. 

Underwood, G. 1959. The anoles of the eastern Caribbean. Part III. Revisionary notes. 
Bull. Mus. Comp. Zool. Harv. 121:191–226. 

Wood, T. E., J. M. Burke, and L. H. Rieseberg. 2005. Parallel genotypic adaptation: 
when evolution repeats itself. Genetica 123:157–170. 

 
 


