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Understanding how communities are impacted by environmental perturbations is integral for addressing the on-
going biodiversity crisis that impacts ecosystems worldwide. The fossil record serves as a window into ancient
interactions and the responses of communities to past perturbations. Here, we re-examine paleontological
data from Katouche Bay, Anguilla, a Holocene site in the Lesser Antilles.We reveal that the site wasmore diverse
than previously indicated, with long-term, continuous records of three genera of extant lizards (Anolis, Ameiva,
and Thecadactylus), and the early Holocene presence of Leiocephalus, a large ground-dwelling lizard that has
since been completely extirpated from the Lesser Antilles. The disappearance of Leiocephalus from Katouche
Bay resulted in high turnover, decreased evenness, and decreased species richness—a trend that continues to
the present day. Our body size reconstructions for themost abundant genus, Anolis, are consistent with the pres-
ence of only one species, Anolis cf. gingivinus, at Katouche Bay throughout the Holocene, contrary to previously
published studies. Additionally, we find no evidence of dwarfism inA. cf. gingivinus, which contrastswith a global
study of contemporary insular lizards. Our data reveal that the impacts of diversity loss on lizard communities are
long lasting and irreversible over millennia.

© 2015 University of Washington. Published by Elsevier Inc. All rights reserved.
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Introduction

The loss of taxonomic diversity fromwithin a community is notwith-
out consequences. Not only can it change how an ecosystem functions,
but it can also affect the community's structure: it can lead to extinction
cascades, novel species interactions, and dominance of prey species and
competitors (Paine, 1966; Cox and Elmqvist, 2000; Säterberg et al.,
2013). Quantifying changes in community structure that result from ex-
tinction and extirpation events informs how communities might re-
spond to pending diversity loss, and immense perspective can be
obtained through studying past turnover events. The structural changes
that occurred around and after the Pleistocene–Holocene transition are a
prime example of how we can learn about community change from the
past. Extinction and extirpation events of the late Pleistocene and Holo-
cene are the most accurate corollary for ongoing and future extinctions,
because humans were then, as they are today, inextricably linked to cli-
matic and biodiversity change worldwide (Koch and Barnosky, 2006).

As humans and climate change continue to put pressure on ecosys-
tems, evidence is mounting that immediate action should be taken to
counteract their detrimental and synergistic effects, most notably
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biodiversity loss and cascading impacts on ecosystems worldwide.
Work is underway to predict how major taxonomic groups will fare in
this uncertain future through the use of fossils. The fossil record reveals
that vertebrate species responses to past environmental change were
not synonymous; in mammals, for example, the loss of many large-
bodied species at the terminal Pleistocene led to a rise in small mammal
populations and the replacement of congeneric species (Blois et al.,
2010; Dirzo et al., 2014). The resulting communities are completely dif-
ferent from what they were during the Pleistocene. In contrast, non-
avian reptile and amphibian communities remained relatively stable
throughout the Quaternary (Fay, 1988; Holman, 1991; but see Bell
et al., 2010), although some geographic contexts, such as insular sys-
tems, may tell a different story. The Caribbean, for example, saw range
contraction in a number of reptiles during the Quaternary (Pregill and
Olson, 1981), and changes in traits such as body size (Pregill, 1986).

Here, we seek to elucidate how a Caribbean lizard assemblage
changed from the earliest Holocene to the present by focusing on com-
munity structure and taxonomic diversity. We center our study on the
previously excavated site of Katouche Bay, Anguilla (Roughgarden,
1995). The primary goals of our study are to (1) place the Katouche
Bay site into a broader chronology of Quaternary paleontological sites
in the Caribbean and elsewhere; (2) describe the taxonomic diversity
of the site throughout the Quaternary; and (3) determine how the loss
of taxonomic diversity impacted community structure.
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Biogeography and backgroundofAnguilla and theKatouche Bay site

Anguilla (Fig. 1), a small island in the northern Lesser Antilles, plays
an important role in Caribbean paleontology and biogeography; its
proximity to the Greater Antilles renders it integral to understanding
the dispersal of taxa between the Greater Antilles and the Lesser Antil-
les. Anguilla is part of a larger island bank that includes St. Martin and
St. Barthélemy; these islands were connected during the lower sea
level stands of the Pleistocene and the present land above sea level rep-
resents only 6% of the bank's actual area (McFarlane et al., 1998). The
calcareous substrate of Anguilla preserves a rich fossil record that neigh-
boring volcanic islands do not harbor. Fossils suggest that the biota
underwent a significant reduction in diversity during the Quaternary.
Anguilla's most noted fossil species is the blunt-toothed giant hutia
Amblyrhiza inundata, a large rodent that went extinct at least 50 ka
(McFarlane et al., 1998), but the pre-Columbian lizard fauna remains
understudied, despite its significance to understanding biogeographic
and macroevolutionary trends in the Caribbean island system as a
whole.

The Anolis lizard fauna of Anguilla proves particularly challenging
when attempting to characterize diversification in the Lesser Antillean
clades of this genus. Anolis is a widely distributed, speciose genus of
Neotropical lizards, with over 150 species found in the Caribbean
alone; 23 of these species are endemic to the Lesser Antilles (Losos,
2009). Anolis pogus, a lizard now restricted to the relatively humid is-
land of St. Martin, once had a larger range that included Anguilla and
St. Barthélemy. Despite intensive sampling efforts and the existence of
suitable environments on Anguilla around Katouche Bay and Mango
Garden, the species has not been sighted since two specimens purport-
edly from Anguilla but with unknown provenances were collected in
the early 20th-century (Lazell, 1972).

The proposition that Katouche Bay, Anguilla, once held a population
of A. pogus found further support when a fissure in Katouche Canyon
containing fossils of Anolis was excavated in 1985 (Roughgarden and
Pacala, 1989, Fig. 2b). The preservation of fossils in the fissure likely re-
sulted from prey-item accumulation by generations of the American
kestrel (Falco sparvarius) perching on the cliff. Four key conclusions
about the lizard fauna were derived from morphological identifications
and conventional radiocarbon dating of a piece of charcoal from the bot-
tom of the unit (Roughgarden, 1995). First, the unit was dated as
Figure 1. Map of Anguilla an
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N10,000 14C yr BP. Second was the extinction of the curly-tailed lizard
Leiocephalus from Anguilla, a genus that is now completely extirpated
from the Lesser Antilles, although it is still present in theGreater Antilles
and the Bahamas. Thirdwas early Holocene dwarfism followed by extir-
pation of the small-bodied A. pogus shortly after island colonization by
the larger species of Anolis, Anolis gingivinus, which is still found on An-
guilla today. The fourth and final conclusion was that A. gingivinus also
underwent dwarfism in the Holocene. The phenomenon of Holocene
dwarfism of insular lizards was described previously for a diverse
array of globally distributed species (Pregill, 1986). Given its impor-
tance in the broader context of anole evolution in the Caribbean and
the renewed interest in community change in response to extinction,
we chose to restudy the fossil specimens of Katouche Bay and
(1) place the Katouche Bay site into a broader chronology of Quaternary
paleontological sites in the Caribbean and elsewhere; (2) re-describe
the taxonomic diversity of the site; (3) determine how the loss of taxo-
nomic diversity impacted community structure; and (4) reconstruct
body sizes for Anolis spp. in order to re-evaluate species richness and
body size evolution.

Materials and methods

Because the previous radiocarbon date of N10,000 14C yr BP for
Katouche Bay was conventionally done and imprecise, we obtained
newAMS dates for the Katouche Bay fossil accumulation.We submitted
a sample of charcoal from Level 10 (0.88 m below surface level) for ra-
diocarbon dating at the Center for AcceleratorMass Spectrometry, Law-
rence Livermore National Laboratory (Livermore, California) and
received two 14C radiocarbon dates on this material. The 14C radiocar-
bon dates were then calibrated with Calib 7.0 (Stuiver et al., 2005)
using the INTCAL13 curve (Reimer et al., 2013). Because the site exhibits
little evidence of bioturbation, we used the new and pre-existing
radiocarbon dates to build two age-by-depthmodels that assume linear
deposition until the present. One model includes all available radiocar-
bon dates for the Katouche Bay site (Model One), whereas the other
model only contains the new dates reported in this study (Model Two).

Themajority of squamate skeletal elements retrieved fromKatouche
Bay are highly fragmented mandibles and dentaries. We performed
identifications using a comparative collection of specimens (EAH per-
sonal collection, Stanford University; the Smithsonian Institution
d surrounding islands.
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Figure 2. Relative abundance of lizard taxa at Katouche Bay. A shows the rarefied relative abundance of lizard taxa at Katouche Bay, B is a schematic of the stratigraphic levels, with ages in
cal yr BP.

Table 1
Snout-vent length reconstruction equation.

Equation Slope (m) Intercept (b) R2

SVL = e 0.72 ∗ (ln(tooth row length)) + 2.4 0.72 2.4 0.87
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USNM numbers 236362-236369), and following previously published
studies on the Quaternary herpetofauna of the Caribbean (Etheridge,
1964; Pregill, 1981). We used modern geographic distributions of gen-
era to guide the selection of comparativematerial used in our taxonom-
ic identifications.We attempted tomake species-level designations, but
due to the fragmented nature of the fossils, only genus-level designa-
tions were possible in most cases.

We determined the minimum number of individuals (MNI) and the
number of identified specimens (NISP) for each taxonomic group. MNI
was calculated as theminimum number of complete dentaries of a spe-
cific side (either right or left) found per level. Because the number of
fossil specimens was not evenly distributed throughout the deposit, as-
certaining relative abundance from NISP or MNI counts alone is some-
what biased, although NISP is a less biased estimator of abundance
(Grayson, 1973). One additional challenge was that we relied on previ-
ously collected material from Katouche Bay and thus did not conduct
the excavation ourselves. However, notes from the 1985 excavation
were readily available and were thorough. Specimens from levels 2, 3,
4, and 11 were either removed prior to our receipt of the collection, or
grouped and stored with contiguous levels in such a way that we
could not reassign materials to their original, specific levels. We
accounted for discrepancies in sample size through rarefaction. For
each level, we standardized our data to reflect the smallest sample
size (n= 12, level 14) by randomly sampling 12 species from a popula-
tion representing the actual proportions of taxa within each particular
level. This subsampling procedure was repeated 1000 times to deter-
mine the rarefied relative abundance of each taxon. These rarefied
data were also used to determine species richness, evenness, and turn-
over in the community through time, calculated using the R package
vegan (Oksanen et al., 2015). The R package analogue (Simpson, 2007;
Simpson andOksanen, 2013)was used to create a pollen diagramof rel-
ative abundance for the lizard taxa at Katouche Bay. All statistical anal-
yses were conducted in R (R Core Team, 2014).

Due to the highly fragmented nature of skeletal material from all
other taxa besides Anolis, we were only able to reconstruct body size
for material of Anolis, and only at levels in which full dentaries were
rg/10.1016/j.yqres.2015.12.007 Published online by Cambridge University Press
preserved. For material of Anolis, we reconstructed snout-vent length
(SVL), a commonly used body-sizemetric in squamates, in order to cor-
roborate species identifications. Previously, body-size reconstructions
were used to detect species richness and sexual dimorphism in ancient
populations of Anolis (Etheridge, 1964; Lazell, 1972). An equation to es-
timate SVL was developed from specimens of A. pogus and A. gingivinus
using a linear regression of specimen tooth row to SVL. The longest lin-
ear distance of the tooth row of fossil material was measured on com-
plete dentaries and used in this equation; the equations can be found
in Table 1 and the dental row measurements of fossil material can be
found in Supplementary Table 1.

We used a number of statistical tests to evaluate the body sizes of
fossil Anolis lizards with the intention to surmise the number of species
present, and whether they underwent changes in body size over time.
The Hartigan's dip test of unimodality was used to detect whether
data from Anoliswere unimodal, indicating the presence of a single spe-
cies, or not,whichwould lead us to conclude that eithermultiple species
of Anolis were present or that the one species present was sexually di-
morphic. An analysis of variance (ANOVA) was used to detect differ-
ences in body size through time.

Results

Geologic age determination

We obtained two new radiocarbon dates for the Katouche Bay site,
each from a single charcoal sample at level 10 (Table 2). The two dates,
4958–5090 cal yr BP and 5047–5203 cal yr BP, are concordant and con-
sistent with the Katouche Bay fossil site being Holocene in age. The
two models we constructed did not differ significantly (Kolmogorov–

Image of Figure 2
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Table 2
New 14C dates for Katouche Bay, Anguilla.

Sample number Material Level ∂13C Fraction modern D14C 14C age 2-σ age range (cal yr BP)

CAMS# 160603 Charcoal 10 −25 0.5746 ± .0023 −425.4 ± 2.3 4450 ± 35 4958–5090
CAMS# 160604 Charcoal 10 −25 0.5699 ± .0022 −430.1 ± 2.2 4515 ± 35 5047–5203

Estimated body size of Katouche Bay anoles

70
80
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Smirnov Test, D=0.0714, p-value=1; Supplementary Figs. 1 and 2), so
we usedModel One to describe the timing of faunal changes at Katouche
Bay. Our estimates suggest that the fossil accumulation at Katouche Bay
began around 9700 cal yr BP and extended, without known unconfor-
mities, until the present (Table 3).

Taxonomic identifications

We identified 773 lizard specimens and attributed thesematerials to
four lizard genera: Anolis, Ameiva, Leiocephalus, and Thecadactylus. The
materials are all dentaries, maxillae, and premaxillae. The criteria used
for each attribution are given below.

A. cf. gingivinus

Anolis is distinguished from other taxa by the following characteris-
tics: tricuspid posterior teeth with a wide central cusp flanked by re-
duced lateral cusps; teeth that become unicuspid anteriorly; and
maxillae with a triangular facial process. There are two species of Anolis
endemic to the Anguillan bank: A. gingivinus and A. pogus. It is notori-
ously difficult to identify Anolis to the species-level from dentaries and
maxillae alone and body size has been used to differentiate fossil re-
mains of co-occurring species in the Lesser Antilles (Etheridge, 1964;
Pregill, 1981). Body-size reconstructions of fossil material are consistent
with a single, sexually monomorphic species of anole A. gingivinus
(Hartigan's dip test of unimodality, p = 1). Both A. gingivinus and
A. pogus have distinct mean body sizes, despite some overlap in body
size range: A gingivinus ranges in size from 41 mm–72 mm, whereas
A. pogus is 36 mm–50 mm. The median body size (61 mm) of the
Katouche Bay specimens is within the range of present-day body sizes
for A. gingivinus but is significantly larger than any known A. pogus spec-
imen (Wilcox signed-rank test, p b 0.0001).

Body size of A. cf. gingivinus shows high variability throughout the
unit, going from a median of 52 mm (mean = 52 mm) at 7900 yr to a
median of 63 mm (mean = 60 mm) in the most recent depositional
level (ANOVA; Fig. 3). We find no evidence of dwarfism in A. cf.
gingivinus during the Holocene. On the contrary, it appears that A. cf.
gingivinus becomes larger throughout the Holocene (p b 0.001). We at-
tribute this significant variation to a few stratigraphic levels as pairwise
comparisons of all stratigraphic levels reveal that the majority of
Table 3
Depth ages based on age-depth model produced from calibrated radiocarbon dates of
Katouche Bay, Anguilla.

Time (cal yr BP) Depth (m) Level

0 0 0
1658 −0.24 1
2279 −0.34 5
2901 −0.43 6
3522 −0.52 7
4144 −0.61 8
4766 −0.70 9
5387 −0.79 10
6009 −0.88 12
6630 −0.98 13
7252 −1.07 14
7874 −1.16 15
9117 −1.34 16
9738 −1.43 17
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specimens at the Katouche Bay site are not different from one another
(Tukey HSD, Table 4).

Ameiva sp.

The following osteological characters allowed us to identify this
taxon as Ameiva sp.: maxillae with high facial process lacking dermal
ornamentation; large bicuspid posterior teeth; and small, unicuspid an-
terior teeth. Currently, there are two species of Ameiva inhabiting the
Anguilla bank: the widespread Ameiva plei which can be found on
Anguilla, St. Martin, and St. Barthélemy; and Ameiva corax, a species
restricted to Little Scrub Island, which is off the coast of Anguilla.

Leiocephalus sp.

Leiocephalus is represented at Katouche Bay by highly fragmented
dentaries. The dentition of Leiocephalus is distinguished from the denti-
tion of other lizards by the flared, fan-shaped tricuspid teeth that lizards
in this genus and in the genus Leiolemus possess (Pregill, 1981). The
teeth of Leiocephalus are further distinguished from those of Leiolemus
by a central cusp that is clearly delimited from the lateral cusps flanking
each tooth. The Leiocephalus material from Anguilla was previously re-
ferred to as Leiocephalus cf. cuneus, a species described by Etheridge
from fossil material on Barbuda (1964), an island 146 km from Anguilla
that sits on a separate island bank. Due to the fragmented nature of the
remains, it is impossible to say whether the Anguillan samples repre-
sent L. cf. cuneus or another species.

Thecadactlyus sp.

Thecadactylus sp. is represented at Katouche Bay by highly
fragmented dentaries. The teeth of Thecadactylus are distinguished
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Figure 3. Body size of Anolis gingivinus through time at Katouche Bay.
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Table 4
Tukey HSD test results for Katouche Bay anole body sizes. Highlighted pairwise compari-
sons were statistically significant (p b 0.05).

Stratigraphic
level 1 5 6 7 8 9 10 12 13 14

5 1.00

6 0.97 0.87

7 0.85 0.71 1.00

8 1.00 1.00 1.00 0.99

9 0.74 0.22 0.02 0.02 1.00

10 1.00 1.00 0.82 0.62 1.00 0.76

12 0.86 0.62 0.24 0.15 1.00 1.00 0.88

13 0.82 0.62 0.29 0.18 1.00 1.00 0.85 1.00

14 0.83 0.73 0.50 0.37 0.98 1.00 0.85 1.00 1.00

15 0.16 0.10 0.04 0.02 0.60 0.65 0.18 0.84 0.93 1.00
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from other large genera of geckos in the Caribbean (e.g. Tarentola and
Aristelliger) by being thinner, straighter, and less pointed than teeth in
these other two genera (Etheridge, 1964; Pregill, 1981). Throughout
the Lesser Antilles, Thecadactylus is represented by thewidespread spe-
cies Thecadactylus rapicauda, although another species, Thecadactylus
oskrobapreinorum was recently described based on morphological
differences, but no genetic data or osteological characters have been
described for this new species (Koehler and Vesely, 2011).
T. oskrobapreinorum is restricted to St. Martin on the Anguillan bank.
Community structure through time

The paleocommunity of Katouche Bay is characterized by one episode
of high turnover near the Pleistocene–Holocene transition, from 9000–
8000 yr (Fig. 4). This coincides with the declining abundance of
Leiocephalus, which last occurs at Katouche Bay at 7000 yr (Fig. 2a). Rich-
ness loss occurs between 9000–7000 yr, when the communitywent from
four to three taxa, a 25% loss (Fig. 5). The community underwent an
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Figure 4. Species turnover through time, as measured by the Bray–Curtis Dissimilarity
Index, in the Katouche Bay lizard fauna.
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abrupt, drastic, evenness loss at 9000–8000 yr, resulting in a 53% de-
cline (Fig. 6). The decline in evenness signifies a loss in functional stabil-
ity of the Katouche Bay paleocommunity (Wittebolle et al., 2009), and
indeed, it precedes the extinction of Leiocephalus at Katouche Bay and
the emerging dominance of Anolis in the absence of Leiocephalus. By
4000 yr specimens of Anolis account for nearly 90% of the community
(Fig. 2a). While Thecadactylus and Ameiva do not undergo drastic abun-
dance shifts like Anolis does, these two genera persist in low abundance
throughout the Holocene and are still found on Anguilla today.

Discussion

Our study of the Katouche Bay site reveals a species turnover event
in the Holocene community that would never be revealed by studies
employing modern ecological data alone. Following this structural
change, the community exhibited stability throughout the Holocene in
both species number and relative abundance, unlike other islands in
the Lesser Antilles, which saw biodiversity loss in numerous genera
(Pregill et al., 1994).

Although a relatively diverse assemblage is preserved, the Katouche
Bay deposit does not record the presence of all lizards found on Anguilla
(Table 5). This could be due tomicrohabitat, taphonomic bias, or theman-
ner by which materials were collected during excavation. Geckos like
Sphaerodactylus, a widespread genus of extremely small lizards are rarely
found at all in deposits (Daza et al., 2014), likely due to material loss dur-
ing the screening of excavated sediment, or differential preservation of
material with small-bodied organisms like Sphaerodactylus being
disfavored. Elsewhere in the LesserAntilles, the large-bodied lizard Iguana
delicatisima is confined to archeological deposits (Pregill et al., 1994), and
it was a common food source among native peoples (Powell, 2004).

Our results are different from those of Roughgarden and Pacala
(1989), because we find no evidence of dwarfism in Anolis, and the
body size distribution indicates the long-term presence of one Anolis
species, A. cf. gingivinus. Given the limitations of the available osteolog-
ical characters in identifying specimens to the species level, and evi-
dence of rapid body-size evolution during the Holocene (Pregill,
1986), there are a few alternative interpretations for what our data
show. First, our specimens could representA. pogus ifA. poguswas larger
in the past, occupying the body size range of present-day A. gingivinus.
Alternatively, the material of Anolis could represent a species that is
not A. pogus or A. gingivinus that is recently extinct or extirpated from
the Anguilla bank.
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Neither of these alternatives is as parsimonious as the conclusionwe
present here, and both conflict with the most recently available empir-
ical evidence fromelsewhere in the Lesser Antilles. IfA. poguswere pres-
ent at Katouche Bay and larger in the past, we would expect to see a
decrease in body size over time as it approaches its current body size.
Body size reconstructions of Anolis cf. ferreus indicate stability of body
size from the Pleistocene onwards (Bochaton et al., 2015), in contrast
to the dwarfism predicted by the Holocene dwarfism hypothesis, but
consistent with our findings. Given the stability of herpetofaunal com-
munities throughout the Quaternary in North America, the null expec-
tation is that there has been continuity of species through time and
space. A. gingivinus is the only extant lineage of Anolis on Anguilla, it is
endemic to the Anguilla bank, and it is widely distributed across the An-
guilla bank. It is thus very likely that there has been continuous occu-
pancy of A. gingivinus at Katouche Bay for millennia, although
additional skeletal material with diagnostic characters would provide
further support to our claim. Unfortunately, such materials were not
available from the Katouche Bay site. In the absence of such material,
we attempted to obtain ancient DNA (aDNA) from the remains of Anolis
in order to corroborate our designations. Preliminary sequence data
from a few specimens that we have processed confirm that fossils we
identified as A. cf. gingivinus are indeed A. gingivinus (Kemp, unpub-
lished data). Wewould need to sequence aDNA from hundreds of spec-
imens in order to fully conclude that A. pogus or another Anolis species
was not present at Katouche Bay, and given the difficulties associated
with obtaining aDNA from tropical localities (Reed et al., 2003), this par-
ticular feat may prove impossible.
Table 5
Modern lizard species found on Anguilla.

Species Endemicity to the Anguilla bank

Ameiva plei Endemic
Anolis carolinensis Introduced
Anolis gingivinus Endemic
Hemidactylus mabouia Likely introduced
Iguana delicatissima Native
Iguana iguana Introduced
Sphaerodactylus parvus Endemic
Sphaerodactylus sputator Endemic
Spondylurus powelli Endemic
Thecadactylus rapicauda Native

oi.org/10.1016/j.yqres.2015.12.007 Published online by Cambridge University Press
However, several lines of evidence exist that A. poguswas on Anguil-
la in the past, which cannot be ignored. In addition to Anguillan speci-
mens of A. pogus collected in the 1920s (Lazell, 1972), an excavation
at Center Cave (Pregill et al., 1994) yielded two size classes of anoles,
corresponding to A. pogus and A. gingivinus. Thus, A. pogus likely had a
restricted range on the Anguilla bank even in prehistoric times.

A restricted range forA. pogushas important ramifications for the evo-
lution of body size in its congener A. gingivinus, themorewidespread An-
guilla bank anole. Throughout the Lesser Antilles, co-occurringAnolis spp.
exhibit character displacement, diverging in body size away from theme-
dium size of species living alone on islands (66 mm; henceforth referred
to as solitary lizards; Losos, 1990; Roughgarden, 1995). There are two no-
table exceptions to this phenomenon: A. gingivinus has a medium size
(63 mm) despite overlapping with A. pogus on St. Martin, and A. ferreus
is exceptionally large (male SVL = 119 mm) despite being a solitary liz-
ard on Marie-Galante. A. ferreus exhibits significant sexual size dimor-
phism that is in line with the body-size distributions found on islands
with two species of Anolis lizards (female SVL = 65 mm; Roughgarden,
1995). A. gingivinus, on the other hand, may maintain a medium size
throughout its range because effectively, it is a solitary lizard due to the
restricted range of A. pogus on the Anguilla bank, and A. gingivinus has
functioned as a solitary lizard for much of its evolutionary history.

The only known lizard extinction on Anguilla is that of Leiocephalus.
Leiocephalus was extirpated throughout the Lesser Antilles during the
Holocene; in addition to Anguilla, it occurred on at least Barbuda,
Antigua, Martinique, and Guadeloupe (Pregill, 1992). Only three spe-
cies, L. cuneus, Leiocephalus herminieri, and Leiocephalus major, have
been described for the Lesser Antilles, but given the high endemism of
Leiocephalus elsewhere in the Caribbean (Pregill, 1992), and the high
endemism of lizards more broadly in the Lesser Antilles, the Anguillan
samples probably represent an as yet undescribed species. Further sam-
pling of the fossil record, or genetic identification of the fossilmaterial, is
necessary to more fully understand the systematics and distribution of
Leiocephalus on Anguilla and elsewhere in the Caribbean.

How long Leiocephalus persisted on Anguilla is unclear. The last oc-
currence of it at Katouche Bay predates the earliest human communities
on the island (Carder et al., 2007), suggesting that its extinction was
caused by non-anthropogenic impacts. However, because Leiocephalus
fossils are rare at all stratigraphic levels where it occurs, it is impossible
to infer the actual last occurrence date with precise certainty. Another
excavation on Anguilla yielded materials of Leiocephalusmaterial asso-
ciated with bones of Rattus, indicating that the genus persisted well
into historic times, although this association could be due to the biotur-
bation of sediment by land crabs, which is common at Caribbean pale-
ontological and archeological sites. Alcohol-preserved specimens of
L. herminieri exist forMartinique andGuadeloupe, but the species disap-
peared shortly after those specimens were collected.

The extinction of Leiocephalus, a genus known to prey on other liz-
ards, including anoles (Schoener et al., 1982), may have come as an op-
portunity for other lizard species to undergo population expansion.
Ecological studies reveal that anoles attain higher population densities
in the absence of Leiocephalus (Schoener et al., 2002) and adapt their
perch height in its presence (Losos et al., 2004). The increased relative
abundance of Anolis starting at 7000 yr could be a signal of ecological re-
lease in the fossil record, although it is difficult to say with confidence
due to the limited number of stratigraphic levels containing Leiocephalus.
Yet the high densities that anoles reach in the Lesser Antilles, as high as
32,867/ha on St. Vincent (Hite et al., 2008), could be a recent phenome-
non catalyzed by extinction events, synonymous to the removal of key-
stone species at ecological and geological timescales (Paine, 1969;
Sallan et al., 2011).

The largest fossils of A. cf. gingivinus (80 mm) are larger than the
largest A. gingivinus ever collected in the field (72 mm), consistent
with Pregill's (1986) evaluation of dwarfism in Holocene insular lizards.
However, our findings throughout the Holocene are not indicative of a
persistent trend in dwarfism, and the disparity between the fossil data
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and modern data is likely due to under-sampling of body size in extant
A. gingivinus. The increased body size of A. cf. gingivinus could indicate a
change in the population's age structure in the absence of Leiocephalus
because anoles are indeterminate growers, so the removal of predators
would allow individuals to live longer and thus grow larger. Overall,
given the high abundance of A. cf. gingivinus throughout the unit and
the increased body size, our study indicates that any detrimental im-
pacts of ancient environmental perturbations on A. gingivinus were
short-lived, if any occurred at all.

Conclusion

The prehistoric Katouche Bay lizard assemblage was more diverse
than previous studies concluded and is in accordance with other paleon-
tological studies from the Caribbean, which indicate range contraction for
a host of taxa, including but not limited to Leiocephalus (Pregill and Olson,
1981). The community structure was irrevocably altered following the
extinction of Leiocephalus, and other communities throughout the Carib-
bean likely underwent similar shifts in richness, evenness, and turnover.
Despite a rise in relative abundance, we find no evidence of dwarfism or
extirpationwithin Anolis at Katouche Bay; in contrast to previous studies,
we find that at Katouche Bay, A. gingivinus persisted alone throughout the
Holocene.

As global change renders more species vulnerable to extinction, the
Katouche Bay site shows that some genera, such as Anolis, are resilient
to environmental perturbations, andmay even benefit from these pres-
sures. On the other hand, large-bodied lizards like Leiocephalus have a
record of extinction following climatic change and human occupation
of their native lands. Although pinpointing the causes of the decline of
Leiocephalus is out of the scope of this paper,we identify this group—and
similar large, top-consumer, ground-dwelling lizards—as potential ca-
sualties to future global change forces, if the Katouche Bay site is to be
treated as a premonition of what is to come.
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