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Abstract

The phylogenetic position of the critically endangered Saint Croix ground lizard Ameiva polops is presently unknown and
several hypotheses have been proposed. We investigated the phylogenetic position of this species using molecular phylo-
genetic methods. We obtained sequences of DNA fragments of the mitochondrial ribosomal genes 12S rDNA and 16S
rDNA for this species. We aligned these sequences with published sequences of other Ameiva species, which include most
of the Ameiva species from the West Indies, three Ameiva species from Central America and South America, and one from
the teiid lizard Tupinambis teguixin, which was used as outgroup. We conducted Maximum Likelihood and Bayesian phy-
logenetic analyses. The phylogenetic reconstructions among the different methods were very similar, supporting the
monophyly of West Indian Ameiva and showing within this lineage, a basal polytomy of four clades that are separated
geographically. Ameiva polops grouped in a cluster that included the other two Ameiva species found in the Puerto Rican
Bank: A. wetmorei and A. exsul. A sister relationship between A. polops and A. wetmorei is suggested by our analyses. We
compare our results with a previous study on molecular systematics of West Indian Ameiva.

Key words: molecular phylogenetics, Caribbean, West Indies, Greater Antilles, Lesser Antilles, biogeography, phylo-
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Introduction

The phylogenetic position of the endangered Saint Croix ground lizard, Ameiva polops Cope, is unknown. This
species, endemic to the island of Saint Croix and its offshore keys in the U.S. Virgin Islands, has been listed as
Endangered by the U.S. Fish and Wildlife Service since 1977; whereas the International Union for Conservation of
Nature (IUCN) listed this species as Endangered between 1986 and 1996, and as Critically Endangered since 1996
(Dodd 1980; Nellis 1996). Ameiva polops was once abundant along the coast of Saint Croix Island; however, it
went completely extinct from St. Croix proper by the end of the 1960’s (Baskin & Williams 1966; Dodd 1980;
Philibosian & Ruibal 1971). Two natural populations of this lizard survive on Protestant Cay and Green Cay, Saint
Croix (McNair & Coles 2003; McNair & Lombard 2004). Recent genetic work indicates that they are genetically
differentiated and correspond to two distinct population segments (Hurtado ez al. 2012). To help in the preservation
of this lizard, two other populations have been established with translocated individuals from the two natural extant
populations, one on Ruth Island, Saint Croix, with individuals from Protestant Cay, and one on Buck Island, Saint
Croix, with individuals from Green Cay (Hurtado et al. 2012; Treglia 2010). While the population recently
established on Buck Island is thriving and relatively secure (Treglia & Fitzgerald 2011), the populations on
Protestant Cay, Green Cay, and Ruth Island, are extremely small in size, and vulnerable to hurricanes, sea level
rise, introduction of exotic species and landscape transformation (McNair & Coles 2003; McNair & Lombard
2004; McNair & Mackay 2005).

Ameiva is a genus of macroteiids in the family Teiidae, subfamily Teiinae, which includes also Aspidoscelis,
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Cnemidophorus, Dicrodon, Kentropyx, and Teius (Presch 1983; Reeder et al. 2002). Other macroteiids are included
in the subfamily Tupinambinae (Callopistes, Crocodilurus, Dracaena, and Tupinambis). Within the Teiinae,
morphological and molecular analyses suggest a close relationship among Ameiva, Cnemidophorus, Aspidoscelis,
and Kentropyx (Giugliano et al. 2007; Presch 1974; Reeder et al. 2002). Ameiva includes 32 described species, 18
of which are known from the West Indies (two are extinct), with the remaining species found in Central and South
America. Morphological and molecular evidence suggest West Indian Ameiva constitute a monophyletic group
(Harvey et al. 2012; Hower & Hedges 2003), but the genus Ameiva as a whole appears to be polyphyletic (Harvey
et al. 2012; Reeder et al. 2002). Based on molecular phylogenetic analyses of 12S rDNA and 16S rDNA
mitochondrial genes, Hower and Hedges (2003) identified four main clades among the West Indian species
included in their study (14 of the extant species): the auberi Group (4. auberi Cocteau and A. dorsalis Gray) from
Cuba, Jamaica, and the Bahamas; the /ineolata Group (A. chrysolaema Cope, A. lineolata Duméril and Bibron, 4.
maynardi Garman, and A. taeniura Cope) from Hispaniola, Navassa, and the Bahamas; the plei Group (4. corax
Censky and Paulson, A. erythrocephala Daudin, A. fuscata Garman, A. griswoldi Barbour, A. plei Duméril and
Bibron, and A. pluvianotata Garman) from the Lesser Antilles; and the exsu/ Group (4. exsul Cope and A. wetmorei
Stejneger) from the Puerto Rican Bank. For the species that were not included in their study, these authors suggest
that the Lesser Antilles species A. cineracea Barbour and Noble (from Guadeloupe; extinct), 4. corvina Cope
(from Sombrero Island), and 4. major Duméril and Bibron (from Martinique; extinct), are part of the plei Group
(thus, including all Lesser Antilles species); whereas they consider that 4. polops is part of the exsul Group. They
suggest A. polops is morphologically similar to the nearby 4. wetmorei, from Puerto Rico, and presumably closely
related to this species; however, Harvey et al. (2012) indicated that 4. wetmorei and A. exsul are highly divergent
morphologically.

Inferring phylogenetic relationships based on morphology alone is problematic in Ameiva, and teiids in
general. The monophyly of several teiid genera is questionable, including, a possible paraphyly of West Indian and
Central-South American Ameiva (Harvey et al. 2012; Reeder et al. 2002). Morphological convergence appears to
have occurred among West Indian Ameiva species, which may mislead inferences on the phylogenetic relationships
in this group (Barbour & Noble 1915; Hower & Hedges 2003). For example, based on morphological characters
Cochran (1941) suggested a close relationship between 4. wetmorei (exsul Group) and A. lineolata (lineolata
Group and from Hispaniola); and between A. exsul (exsul Group) and A. chrysolaema (lineolata Group and from
Hispaniola). With regard to A. polops, she suggested this species’ nearest relative was A. faeniura from Hispaniola
(lineolata Group), because they share essentially the same color pattern, and have similar head and body
proportions. Barbour and Noble (1915), however, previously proposed a close relationship among A. maynardi, A.
wetmorei, and A. polops, as they did not find any close relationship of these species to other Ameiva species. They
suggested these species were chance survivors from some stock that once had a wider distribution, and
subsequently completely disappeared. They also proposed that 4. exsul is close to A. corvina (from Sombrero
Island, Lesser Antilles).

Herein, we conducted molecular phylogenetic analyses of West Indian Ameiva species, with the aim of
assessing the phylogenetic position of the critically endangered Saint Croix lizard, 4. polops. We analyzed
fragments of the 12S rDNA and 16S rDNA mitochondrial genes for West Indian Ameiva species, including A.
polops, using Maximum Likelihood and Bayesian phylogenetic reconstruction methods. This study provides the
opportunity to revisit the molecular phylogeny of West Indian Ameiva.

Material and methods

Individuals of A. polops from Green Cay were captured for a translocation project to establish the species on Buck
Island in 2008 (Treglia & Fitzgerald 2011). Toe clips and tail tips were collected from these individuals and stored
in 95% Ethanol. We extracted total genomic DNA using QIAGEN’s DNeasy Blood & Tissue kit (QIAGEN Inc.,
Valencia, CA) for two A. polops individuals. Tissue and DNA vouchers from these samples were deposited in the
ultrafrozen tissue collection at the Biodiversity Research and Teaching Collections (BRTC), Texas A&M
University. We followed standard protocol instructions with overnight Protenaise-K digestions to ensure complete
digestion of tissue samples. We PCR-amplified fragments of the mitochondrial 12S rDNA and 16S rDNA
ribosomal (r) RNA genes using previously published protocols (Hedges er al. 1991) and primers: 12L5 (5°-
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GATTAGATACCCCACTATGC-3’) and 12H4 (5’~-AGGGTGACGGGCGGTGTGTRC-3’) for 12S rDNA (Feller
& Hedges 1998; Hedges 1994); and 16120 (5°-TGAAAASCCWAMCGARCYTGRTGATAGCTG-3’) 16H10 (5°-
TGATTACGCTACCTTTGCACGGT-3%), 16L9 (5-CGCCTGTTTATCAAAAACAT-3’), and 16H13 (5°-
CCGGTCTGAACTCAGATCACGTA-3’) for 16S rDNA (Gifford er al. 2004; Hower & Hedges 2003). PCR-
products were cleaned and sequenced by the DNA Sequencing Facility at the University of Washington. We used
Sequencher 4.8 (Genecodes, Ann Arbor, MI) to assemble and edit sequences.

We used the GUIDANCE server (Penn ef al. 2010) to align the 16S rDNA and 12S rDNA dataset. These
included the sequences previously used by Hower and Hedges (2003) and the new sequences for A. polops (see
Table 1). Alignments were conducted using default settings using the GUIDANCE algorithm (MSA algorithm:
MAFFT, 100 bootstrap replicates). GUIDANCE provides confidence scores for each position allowing for the
unbiased removal of poorly aligned positions. We excluded all positions with a confidence score below 0.988, as
this value corresponds to a false positive rate of only 0.37 (Table 1 in GUIDANCE server overview). We
determined the most appropriate model of DNA substitution for each gene region separately and for the
concatenated dataset using the FindModel server (Tao et al. 2005), using both PAUP* and Weighbor to construct
initial trees. We used the Akaike Information Criterion (AIC) to choose amongst the 28 candidate models of DNA
substitution compared by the server. FindModel determined GTR +I" as the most likely model for all three datasets
under all settings used.

TABLEL1. Species and sequences used.

Species GenBank Accession No. Sample Locality'
16S 128
Ameiva "leberi" AY359504 AY 359484 Dominican Republic: Pedernales Prov.; Cabo Beata.
A. aubieri AY359494 AY 359474 Cuba: Guantanamo Bay Naval Station.
A. chrysolaema abbotti AY359495 AY359475 Dominican Republic: Pedernales Prov.; Isla Beata.
A. chrysolaema defensor AY359496 AY 359476 Haiti: Dept. du Nord'Ouest. Bombardopolis.
A. corax AY359497 AY359477 Anguilla: Little Scrub Island.
A. dorsalis AY359498 AY359478 Jamaica: Kingston.
A. erythrocephala AY359499 AY359479 St. Kitts: Godwin Gut.
A. exul AY359500 AY359480 Puerto Rico: Guénica.
A. festiva AY359501 AY359481 Nicaragua: Matagalpa Prov.; EI Carmen.
A. fuscata AY359502 AY 359482 Dominica; Soufriére Estate.
A. griswoldi AY359503 AY 359483 Antigua: Great Bird Island.
A. lineolata AY359505 AY359485 Dominican Republic: Pedernales Prov.; Isla Beata.
A. maynardi AY359506 AY 359486 Bahamas: Inagua; Mathew Town.
A. plei AY359507 AY 359487 St. Maarten.
A. pluvianotata AY359508 AY359488 Montserrat: St. Peter; Spring Ghut.
A. polops KJ488941 KJ488942 U.S. Virgin Islands: Green Cay, Saint Croix
A. taeniura AY359509 AY359489 Haiti: Dept. du Sud-Est; 9.5 km E. Jacmel.
A. undulata AY359511 AY359491 Guatemala: [zabal Prov.; Los Amates, Rancho Alegre.
A. wetmorei AY359512 AY359492 Puerto Rico: Isla Caja de Muertos.
A. ameiva AY359493 AY359473 Peru: Cuzco Amazoénico.
Tupinambis teguixin AY359510 AY 359490 Peru: Cuzco Amazdnico.

'With the exception of 4. polops sample location of all other species from Hower and Hedges (2003)

We conducted Maximum Likelihood (ML) and Bayesian analyses using sequences of the teiid lizard
Tupinambis teguixin Linnaeus as outgroup. ML searches were conducted using RAXML 7.2.6 (Stamatakis 2006a;
Stamatakis 2006b; Stamatakis et al. 2008) for an unpartitioned dataset and one partitioned by-gene. Both analyses
were run under the Rapid Bootstrap algorithm (assuming a GTRCAT model), followed by the thorough ML search
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under the GTR +I" model. We conducted two independent searches for each dataset, all consisting of a total of
1,000 bootstrap replicates, with other settings as default. For each independent run, a majority-rule consensus tree
was calculated with the SumTrees command in DendroPy (Sukumaran & Holder 2010). Independent runs for each
partitioning strategy did not differ in either topology or levels of support.

We also conducted searches using two Bayesian inference methods: MrBayes v3.1.2 (Huelsenbeck & Ronquist
2001; Ronquist & Huelsenbeck 2003), and BayesPhylogenies v2.0.2 (Pagel & Meade 2004). As with our ML
analyses, we conducted MrBayes analyses on both an unpartitioned dataset and on a dataset partitioned by genes.
We specified the same model (GTR +I") for both partitions in the by-gene partitioned analyses; however, each
partition had its own set of parameter values. We conducted two independent searches for each dataset, with each
search consisting of four independent runs, each with four chains. All searches started with randomly generated
trees and ran for at least 2.0 x 10® generations, with parameters and trees recorded every 5,000 generations (all other
parameters as default). BayesPhylogenies allows partitioned analyses without the a priori assignment of sites to
partitions. Instead, the analysis optimizes the assignment of each site to a partition (the user specifies the number of
partitions in the dataset). We conducted four independent searches under BayesPhylogenies, with each search
assuming a different number of partitions (1 to 4). Each search consisted of eight independent runs, each with a
single chain, all run for a total of 5.0 x 10°® generations, with parameters and trees recorded every 5,000 generations.
All searches used the GTR +I" model. To determine if Bayesian searches had reached stationarity, we plotted the
log-likelihood scores of the sampled trees against the generation using Tracer v1.5 (Rambaut & Drummond 2009).
Sample points before stationarity were considered “burn-in” and discarded. To determine the posterior probability
of each node, we calculated majority-rule consensus trees of the stationary stage for each independent search using
SumTrees. To identify the best partitioning scheme according to Bayes Factors, we estimated Marginal Posterior
Probabilities in Tracer v1.5, following Newton and Raftery (1994) modified by Suchard er al. (2001). Afterwards
Marginal Posterior Probabilities were compared following Kass and Raftery (1995). All phylogenetic analyses
were run in the Brazos Cluster at Texas A&M University.

Results

For the 16S rDNA gene, we included 707 characters and excluded 369 that could not be confidently aligned. For
the 12S rDNA gene we included 404 characters and excluded 74 characters that could not be confidently aligned.
The final dataset contained 1048 characters, of which 268 were variable and 148 parsimony informative. Removal
of the 7. teguixin (the outgroup) from the aligned dataset does not greatly affect the number of variable (222) or
parsimony informative sites (143).

Figure 1 shows the inferred relationships among the Ameiva species examined, and a table with the support
values obtained for each node [bootstrap support for Maximum Likelihood analyses; Marginal Posterior
Probabilities (MPP) for Bayesian Analyses] by the different phylogenetic analyses (i.e., phylogenetic
reconstruction method and number of partitions used). Comparison of the MPP identified the four-partition and
two-partition schemes as the best partitioning for BayesPhylogenies and MrBayes, respectively. Topologies,
however, were identical and in general support for nodes was similar within methods regardless of the partition
scheme. The monophyly of West Indian Ameiva (node A) is supported in all analyses, although support values
were not very high. West Indian Ameiva species are divided into four main clades that converge in a basal
polytomy (nodes B, G, L, and M). These clades are in general well supported and corresponded to the four groups
described by Hower and Hedges (2003): plei Group, lineolata Group, auberi Group and exsul Group. Distribution
of these clades follows a non-overlapping geographic pattern (Figure 2).

The plei Group (from Lesser Antilles; node B) was divided in two well-supported clades. One (node C)
includes 4. corax and A. plei. The other (node D) includes A. fuscata, A. erythrocephala, A. griswoldi, and A.
pluvianotata, with A. fuscata sister to the other three species. The /ineolata Group (from Hispaniola and Inagua
Island-Bahamas; node G) was divided in two well-supported clades. One (node H) included 4. chrysolaema and A.
‘leberi’. The other (node J) included A. lineolata, A. maynardi, and A. taeniura, with the last species sister to the
other two. The auberi Group (from Cuba, Jamaica, and Bahamas; node L) included A. auberi and A. dorsalis.
Finally, the exsul Group (from the Puerto Rican Bank; node M) included A. exsul, A. polops, and A. wetmorei, and
the latter two species were recovered as sister lineages the majority of times in all phylogenetic analyses with high
support.
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A. ameiva (Peru)

A. undulata (Guatemala)
A. festiva (Nicaragua)
A. erythrocephala (St. Kitts, 4)

A. pluvianotata (Dominica, 6)

FL A. griswoldi (Antigua, 5)

- plei Group
A. fuscata (Dominica, 3) H

A. corax (Anguilla, 1) :

C A. plei (St. Maarten, 2) i
A M A. exsul (Puerto Rican Bank, 15) §
‘{ E A. wetmorei (Puerto Rican Bank, 16) § exsul Group
N A. polops (Puerto Rican Bank, 17) i
41“'1 dorsalis (Jamaica, 14) auberi Group
A. aubieri (Cuba, 13)
K A. maynardi (Bahamas, 12)
4][‘:/1. lineolata (Hispaniola, 11)
A. taeniura (Hispaniola, 10)
E H A. chrysolaema deffensor (Hispaniola, 7)
4'_7[A‘ “leberi” (Hispaniola, 9)
IL- A. chrysolaema abbotti (Hispaniola, 8)

Tupinambis teguixin (Peru)

0.03

lineolata Group

# Part MP/L A B C D E F G H 1 J K L M N
BayesPhylogenies 1 -4160 0.90 1.00 1.00 1.00 0.95 0.73 0.61 1.00 0.94 1.00 1.00 1.00 0.94 0.95

2  -4126 0.79 0.99 1.00 1.00 0.70 0.54 0.99 1.00 0.97 1.00 0.99 1.00 0.90 0.97
3 -4117 0.75 0.99 1.00 1.00 0.74 0.59 0.98 1.00 0.97 1.00 0.99 1.00 0.88 0.96
4 -41150.73 0.98 1.00 1.00 0.71 0.57 0.98 1.00 0.96 1.00 0.98 1.00 0.87 0.95
MrBayes 1 -4159 0.87 1.00 1.00 1.00 0.94 0.71 0.80 1.00 0.91 1.00 1.00 1.00 0.93 0.96
2 -4099 0.86 1.00 1.00 1.00 0.87 0.78 0.98 1.00 0.94 1.00 1.00 1.00 0.96 0.99
RAxML 1 -4120 87 93 99 95 73 73 74 100 67 100 95 100 86 80
2

-4060 89 93 100 95 70 70 78 100 64 100 96 100 93 87

FIGURE 1. Inferred phylogeny of West Indian Ameiva for the concatenated 16S rDNA and 12S rDNA gene sequences.
Maximum likelihood tree obtained by RAXML using a GTR +I" model (one partition). Support for each node (coded by letter)
is shown in the table. MPP column indicates the Marginal Posterior Probability for each Bayesian analysis. Nodes with no
corresponding support values were of little relevance or had low support values (< 50% for all analyses). MP = Bayes Factor
(for Bayesian analyses). L = likelihood score of the best ML tree found by RAXML.

Discussion

We reanalyzed the dataset used in Hower and Hedges (2003), with the addition of A. polops. Inferred phylogenetic
relationships between both studies are for the most part concordant. Both studies found four main clades in West
Indian Ameiva, which correspond to four geographic regions: Lesser Antilles (plei Group); Hispaniola and Inagua
islands-Bahamas (l/ineolata Group); Cuba, Jamaica, and Bahamas (auberi Group); and the Puerto Rican Bank
(exsul Group). Our analyses were unable to resolve the phylogenetic relationships among these four main clades.
Similarly, Hower and Hedges (2003) reported low bootstrap values for the relationships among these clades.
Support values for the monophyly of the /ineolata Group and the exsu/ Group were in general higher in our study
than in Hower and Hedges (2003). In contrast, support values for the sister relationship between 4. griswoldi and
A. pluvianotata (node F), and between these two and 4. erythrocephala (node E), were lower in our study (although
recovered the majority of the time). Differences in alignment of sequences and phylogenetic reconstruction
methods, and the addition of 4. polops data, may account for discrepancies between the two studies. Hower and
Hedges (2003) conducted Neighbor Joining (NJ) analyses with Kimura-2 parameter and Tamura-Nei models of
evolution, and ML analyses (implemented in MOLPHY; Adachi & Hasegawa 1996) with the HKY model, but only
reported bootstrap values based on NJ analyses. In our study, we used the best substitution model for the Ameiva
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dataset according to our analyses (i.e., GTR +I"), and more recently developed ML and Bayesian phylogenetic
methods that considered different partitioning schemes.

Morphological analyses suggest West Indian Ameiva constitute a robust monophyletic group (Harvey et al.
2012). The mitochondrial phylogenetic analyses provide support for this monophyly. Although the West Indian
Ameiva clade is suggested to have originated from South America (Hower and Hedges 2003; Harvey ef al. 2012);
its sister lineage appears uncertain, as molecular phylogenetics studies suggest that mainland and West Indian
Ameiva are paraphyletic (Reeder er al. 2002; Hower and Hedges 2003; Giugliano et al. 2007; but see Harvey et al.
2012). These studies, however, are based on a limited number of taxa, and analyses with a more complete taxon
sampling of macroteiids are needed to address this issue, especially including members of Holcosus (a genus that
was resurrected by Harvey et al. 2012 to accommodate species from Western and Central America previously
assigned to Ameiva; thus, in Hower and Hedges 2003 and our study 4. festiva and A. undulata are synonyms of H.
festivus and H. undulatus, respectively), Cnemidophorus, Aspidoscelis, and Kentropyx, for which morphological
and molecular analyses suggest a closer relationship to Ameiva (Giugliano et al. 2007; Hower & Hedges 2003;
Presch 1974; Reeder et al. 2002).

The Caribbean colonization mode of West Indian Ameiva is also uncertain. Hower and Hedges (2003)
suggested that the most likely origin of West Indian Ameiva was from South America via dispersal on floating
debris. Using serum albumin immunological distances, they estimated a divergence time of 25-30 Million years
ago (Ma) between mainland and West Indian Ameiva. They pointed out that this estimation is much more recent
than the geological estimate of 70 Ma for the separation of mainland and West Indies, and thus, the origin of West
Indian Ameiva was better explained by oceanic dispersal rather than by proto-Antillean vicariance. Their
estimations on divergence times of West Indian Ameiva, however, should be considered cautiously, as they are
based only on a single marker, and the assumptions they used to calculate time estimates based on serum albumin
evolution pose potential issues that can lead to biased results (reviewed by Crother & Guyer 1996). We also note
that estimates of the geological timing of the separation between mainland and West Indies vary from ~100 to 48
Ma; thus, it is unclear which date should be used to distinguish between vicariance and dispersal (reviewed by
Crother & Guyer 1996).

Atlantic Ocean

aubieri
Gulf of Mexico Group (L)

lineolata
Gro_l_lp (G)
TN exsul

AY Group (M) plei
\ e ! "\ Group (B)

Caribbean Sea

FIGURE 2. Caribbean map indicating the distribution of West Indian Ameiva species. Geographic distributions of each group
is indicated by ovals corresponding to clades in Figure 1. Numbers in the map correspond with the numbers assigned to species
in the tree in Figure 1.
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Hower and Hedges (2003) suggested that the nearly unidirectional flow of water currents from the southeast to
the northwest in the West Indies would have brought debris from the northeastern coast of South America to the
islands throughout the Cenozoic, favoring an origin from that continent rather than from North or Central America.
They indicate that if dispersal followed oceanic currents in the West Indies, phylogenetic relationships among the
species should reflect a south to north stepwise pattern of divergence. The observed basal polytomy among the four
main lineages of West Indian Ameiva, however, does not reveal this pattern, and may be congruent with any of the
three main hypotheses that have been proposed to explain the origin of terrestrial fauna in the Caribbean: proto-
Antillean vicariance (Rosen 1975); passive overwater dispersal (Hedges 2001); and a hypothesized temporary land
bridge that existed 33-35 Ma and connected the northern South American coast with the Greater Antilles (known
as the GAARIlandia hypothesis; Iturralde-Vinent & MacPhee 1999). It is also possible that present-day
predominantly unidirectional current flow in the Caribbean Sea cannot explain dispersal patterns of terrestrial
vertebrates, because colonization of the West Indies probably occurred at times when these patterns were different,
or because they simply resulted from stochastic drifting events (Iturralde-Vinent & MacPhee 1999).

Lack of resolution among the four main clades of West Indian Ameiva may indicate a rapid radiation of these
lizards in this region. Examination of more genetic markers, including nuclear genes, is necessary to assess whether
a better resolution of the basal nodes can be achieved. The sharp geographic segregation of the main Ameiva clades
suggests that barriers for dispersal have maintained isolation in these clades and contributed to their divergence.
Presence of indigenous Ameiva species on islands may have also prevented successful colonization of other
Ameiva species, because ecological niches were occupied.

Our results provide strong evidence that the closest relatives of 4. polops are the two other species from the
Puerto Rican Bank, 4. exsul and A. wetmorei (exsul Group); with 4. polops and A. wetmori being sister species.
Nonetheless, future studies with nuclear markers should be conducted to corroborate our findings. Ameiva exsul is
distributed in Puerto Rico, including many offshore islands and cays such as Isla Vieques, Isla Culebra, Isla Mona,
and Isla Desecheo, in the US Virgin islands, and in the British Virgin Islands; whereas 4. wetmorei is distributed in
Southwestern Puerto Rico and its outlying islands: Isla Magueyes, Isla Caja de Muertos and Isla Morrillito
(Schwartz & Henderson 1991). Diversification of members of the exsu/ Group may be linked to the geological
history of the Puerto Rican Bank (i.e., Puerto Rico and its outlying islands, and the American and British Virgin
Islands). Islands in the Puerto Rican Bank became emergent during orogenic movements in the late Eocene
(Butterlin 1956). However, connections of islands within the Puerto Rican Bank have been extensive and recent.
These periods of connectivity presumably facilitated the dispersal of ancestral A. exsu/ to different islands.
According to Heatwole and MacKenzie (1967), the main islands of the Virgin group (except St. Croix) lost
connection with each other and with Puerto Rico only ~8,000-10,000 years ago, due to eustatic rise in sea level.
Culebra lost its connection to Puerto Rico and the Virgins at the same time, although Vieques, Caja de Muertos, and
many small cays remained connected to Puerto Rico until ~6,000 years ago. The smaller islands around the main
Virgins were separated from the latter at various times before 8,000—10,000 years ago. In contrast, St. Croix has
been isolated much longer, not having been connected to any other islands since at least the Pliocene (Heatwole et
al. 1981). Divergence of the 4. polops lineage may have occurred at the time St Croix Island became isolated.

Unfortunately, lack of appropriate molecular clock calibration points precludes estimation of a reliable
divergence time for the A. polops lineage. Uncorrected p-distances among the three species pairs for 16S rDNA
and 128 rDNA genes, respectively, are as follows: 2.87 and 6.10% for A. polops vs. A. wetmorei; 3.73 and 3.96%
for A. polops vs. A. exsul; and 2.44 and 4.88% for A. wetmorei vs. A. exsul.

Some phylogenetic relationships found by Hower and Hedges (2003) and corroborated by our analyses are
congruent with results of a recent morphological revision of West Indian Ameiva, although there are some marked
differences as well. Based on morphology, Harvey et al. (2012) found that West Indian Ameiva comprise a robust
monophyletic group. Similar to the mitochondrial phylogeny, they also found a clade that includes the Lesser
Antilles species, as well as the sister relationship between 4. aubieri and A. dorsalis, and the sister relationship
between A. lineolata and A. maynardi. Other relationships, however, are in conflict, such as the position of A.
taeniura, A. chrysolaema, and A. exsul. These authors also argue that 4. wetmorei is closer to A. lineolata and A.
maynardi than to A. exsul, and point out that A. wetmorei and A. exsul are very different morphologically.
Morphological convergence, however, appears to have occurred among West Indian Ameiva species, which may
lead to incorrect interpretations of the phylogenetic relationships within this group (Barbour & Noble 1915; Hower
& Hedges 2003). Further studies that include nuclear markers are needed to better understand the phylogenetic
relationships among West Indian Ameiva.
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