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Introduction

Abstract

Body size is an important organismal trait on which many physiological and
behavioral factors depend, and can be used to study how animals adapt to insular
environments. In this regard, reptiles on islands exhibit remarkable size extremes,
ranging from giants to some of the smallest vertebrate species in the world. In
addition, the dependence of ectotherms on external temperature makes them partic-
ularly sensitive to climatic conditions. We tested the hypotheses that adult body
size in Lesser Antillean iguanas (Iguana delicatissima) would increase with island
area and isolation, as well as with increasing annual rainfall and ambient tempera-
ture. We used a database of 6878 individuals collected on seven islands in the
French West Indies from 2009 to 2021. We measured individual size by the
snout-vent length. GLMM analyses showed that iguana body size increased with
island size, and that iguanas on the islands located closer to the mainland were
larger compared to those on islands located the furthest from the mainland. Regard-
ing climatic conditions, we found that annual rainfall and ambient temperature had
no significant effect on iguana body size. These findings indicate that geographical
conditions have a greater influence on iguana size compared to climatic conditions.
The lack of influence of climatic conditions may be related to the fact that iguanas
are critically endangered, meaning that their populations consist of limited numbers
of individuals far from the carrying capacity of their habitat. If ecological resources
are not currently a limiting factor for Lesser Antillean iguanas, then conservation
efforts could successfully promote the growth of their populations.

characteristics on which various physiological and behavioral
factors depend (Peters, 1983; Schmidt-Nielsen, 1984;
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The evolutionary process can result in morphological diver-
gences between island and mainland populations of a given
species. In particular, island mammal populations tend to
exhibit different body sizes compared to their mainland coun-
terparts (e.g., rodents, marsupials and artiodactyls: Benitez-L-
opez et al., 2021; Brown & Maurer, 1989; Itescu et al., 2014;
Leisler & Winkler, 2015; Meiri, 2007; Meiri & Dayan, 2003).
Morphological traits such as size and weight are major

Wikelski, 2005). Such traits are useful for tracing population
adaptation to the specific environmental characteristics of
islands (Harvey & Purvis, 1999). The “island rule” states that
variation in body size and weight on islands is predictable and
consistent across taxa, with small species evolving to large and
large species evolving to small on islands relative to their
mainland counterparts. (Benitez-Lopez et al., 2021; Kohler
et al., 2008; Lomolino, 2005). It has been shown that the
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Climate and island geography influence on iguana size

effects of the ‘island rule’ are widespread in reptiles, although
they range remarkably widely in size, from giants to some of
the smallest vertebrate species in the world (Benitez-Lopez
et al., 2021). Other descriptive rules have been proposed, such
as Bergmann’s rule, which predicts that the size of endotherms
increases with increasing latitude, while Cope’s rule suggests
that animal species generally evolve toward larger body sizes
(Brown & Maurer, 1989; Meiri & Dayan, 2003).

The accuracy of the aforementioned rules remains a matter
of contention (Blackburn et al., 1999; Watt et al., 2010). They
are often criticized for oversimplifying evolutionary processes
and failing to be universally applicable to all organisms or
evolutionary contexts. Bergmann’s rule, for instance, is widely
observed in endotherms (e.g., mammals; Ashton et al., 2000;
Meiri et al.,, 2004). However, its applicability to ectotherms is
less consistent. While a study has found evidence for Berg-
mann’s rule in Liolaemus lizards (Cruz et al., 2005), others
report conflicting results in other lizards (sceloporines and
squamates: Angilletta et al., 2004; Ashton & Feldman, 2003).
Similarly, Cope’s rule has been substantiated in vertebrates
such as mammals, albeit with numerous exceptions
(Alroy, 1998; McShea, 2000). Presently, the extent to which
these rules are accurate in reptiles is currently known only for
some lizard species, and no information is available for
iguanas.

In view of the uncertainty surrounding the validity of these
rules, it appears necessary to evaluate the underlying mecha-
nisms driving variations in body size. Several factors contrib-
ute to these variations. The first element is the total surface
area of an island (Burness et al., 2001). The number of preda-
tors decreases with the size of the island, and smaller species
on smaller islands therefore tend to wuse their energetic
resources to adapt to their environment by growing larger,
whereas larger species often decrease in size (Lomolino, 2005).
Large size can become a disadvantage on small islands due to
increased energy and resource demands, leading to high popu-
lation densities and intense intraspecific competition. This phe-
nomenon, known as Island dwarfism, is frequently observed
among vertebrates that originate from larger mainland popula-
tions (Lomolino, 2005).

A relationship between body size and island area has been
found in mammals (Meiri et al., 2005, 2006), snakes
(Boback, 2003) and lizards (Meiri, 2007). Heaney (1978) pre-
dicted that the body size of small mammals would decrease
with an increase in surface area, whereas that of large mam-
mals would increase. This prediction was supported by Mel-
ton (1982) and Marquet and Taper (1998). However, Meiri
et al. (2005) found no support for Heaney’s prediction (Hea-
ney, 1978) and reported no linear response of body size to
island area. Another factor that may affect body size is isola-
tion, whether spatial or temporal. Spatial isolation, typically
quantified as the distance between the island and the nearest
mainland (Anderson & Handley, 2002; Meik et al., 2010), is
known to reduce immigration rates and thus gene flow and in
situ adaptation (Heaney, 2000). The effect of spatial isolation
on body size may be indirect, reflecting factors such as preda-
tion and competition pressure (Arnold, 1979; Heaney, 1978).
Anderson and Handley (2002) proposed that, in the absence of
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overland dispersal, body sizes on nearby and distant islands do
not differ.

Another factor that may influence individual body size is the
variation in environmental resources, which can differ across
habitats (Case, 1976; Madsen & Shine, 1993). The variability
and productivity of resources may affect body size, particularly
if animals are not protected against sudden or long-term
changes in productivity (Case, 1976). Furthermore, food avail-
ability poses a more significant challenge for large animals
than for small ones and is considered the most important selec-
tion factor on small islands (Heaney, 1978). However, it is dif-
ficult to directly assess food availability for a given species.
Indirect estimation is possible through the use of weather and
climatic data (White, 2008). Increasing air temperatures and
changes in precipitation patterns impact plant growth (DaMatta
et al., 2010). Temperature is a major factor affecting the rate
of plant development. The increase in temperatures that is
expected with climate change, combined with more extreme
temperature events, will impact plant productivity (Hatfield &
Prueger, 2015). Furthermore, heavy precipitation influenced by
climatic changes — linked to the El Nino phenomenon on
groups of arid islands in the Gulf of Mexico in the 1990s —
significantly increased the number of plants, leading to an
immediate increase in the numbers of reptiles, mammals, and
arthropods (Polis et al., 1997).

The impact of island size and isolation on the evolution of
body size in reptiles has been a recurring question in the litera-
ture. Reptiles exhibit extremes in body size on islands, ranging
from giant forms like giant tortoises (Geochelone gigantea)
(Bourn & Coe, 1978) and Komodo dragons (Varanus komo-
doensis) (Purwandana et al., 2014), to the world’s smallest liz-
ards such as geckos (Hedges & Thomas, 2001;
Sphaerodactylus spp.) and chameleons (Glaw et al., 2012;
Brookesia spp.), as well as snakes such as thread snakes
(Hedges, 2008; Tetracheilostoma spp.). The trend for reptile
body size to either increase or decrease in animals on islands
compared to those on the mainland appears to be specific to
different clades (Boback & Guyer, 2003; Case, 1978; Itescu
et al., 2014; Meiri, 2007, 2008). To date, studies on the evolu-
tion of body size in island reptiles have compared mainland
and island species or populations (e.g., Boback & Guyer, 2003;
Case, 1978; Itescu et al., 2014; Meiri, 2007), and have exam-
ined the effects of specific predictors on populations of single
species (e.g., Meik et al., 2010; Soule, 1966) or genera (Dun-
ham et al., 1978).

Ectotherms are particularly sensitive to climatic conditions
because their performance hinges on body temperature, which
is largely influenced by environmental temperatures (Halliday
& Blouin-Demers, 2017). Body temperature significantly
impacts physiological functions such as locomotion, reproduc-
tion, and growth (Adolph & Porter, 1993; Angilletta, 2009;
Bestion et al., 2015; Kubisch et al., 2012), which operate opti-
mally within specific temperature ranges (Angilletta
et al., 2002). Therefore, the ability to maintain a relatively sta-
ble body temperature in a thermally variable environment
directly affects survival and consequently fitness (Black
et al., 2019). High temperatures can enhance the cardiovascular
function and locomotor activity of iguanas during foraging,
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potentially improving access to both the quantity and quality
of food resources. Locomotion and digestion incur energy costs
and are closely linked to thermoregulation (Angilletta
et al., 2002; van Marken Lichtenbelt et al., 1997). The effi-
ciency of thermoregulation in ectotherms is strongly influenced
by body size, with larger reptiles having a greater ability to
regulate their temperature through greater thermal inertia,
resulting in slower rates of heating and cooling (Dzialowski &
O’Connor, 1999). In general, higher temperatures tend to favor
larger body sizes in ectotherms because temperature facilitates
more effective thermoregulation (Angilletta et al., 2002).

In this context, Lesser Antillean iguanas (Iguana delicatis-
sima) are a valuable model for investigating how specific
island characteristics, such as spatial isolation or environmental
factors, contribute to body size variation. The diversity of the
Lesser Antilles islands makes them an ideal study area. They
vary significantly in size, spatial isolation, and floristic compo-
sition, and host different populations of the same iguana spe-
cies. The colonization of the islands by iguanas appears to be
recent, although it remains undocumented. The most plausible
hypothesis posits a continental origin followed by island-to-
island dispersal by sea, possibly with human assistance (Martin
et al., 2015). We studied the populations of Lesser Antillean
iguanas inhabiting several islands, including Anguilla,
Saint-Barthélemy, Saint Eustatius, Guadeloupe, Dominica, and
Martinique. Unfortunately, the species has been extirpated from
many islands, such as Antigua and Barbuda, Saint Kitts and
Nevis, and Saint Martin (van den Burg, Breuil, et al., 2018).

Lesser Antillean iguanas occupy a variety of environments
ranging from xeric scrub and dry scrub forests to coastal and
riverine forests, forest and mangroves, as well as low to
mid-elevation transitional rainforests (van den Burg, Breuil,
et al., 2018). These reptiles are generalist herbivores, feeding
on leaves, flowers, and fruits from a wide range of shrubs and
trees (van den Burg, Breuil, et al., 2018). Over the past 30 to
40 years, the population of Lesser Antillean iguanas has expe-
rienced a significant decline, leading to their classification as a
critically endangered species by the IUCN (van den Burg,
Breuil, et al., 2018). The ongoing threats contributing to this
decline include predation, habitat loss, and fragmentation
caused by agricultural and tourism development (van den Burg,
Breuil, et al., 2018), and the severe impacts of droughts and
hurricanes, which have hit the populations of iguanas
(Breuil, 2001, 2002).

Our study aimed to assess the relative influence of climatic
factors and island geography on the body size of Lesser Antil-
lean iguanas. To investigate these influences, we analyzed a
dataset of body size measures collected over 13 years by con-
servation managers across several islands. Specifically, we
focused on populations inhabiting Saint-Barthélemy, Guade-
loupe (including Basse-Terre, Petite-Terre and Désirade islands)
and Martinique (including the main island and Chancel island),
thus encompassing a diverse range of environments within the
French islands. We tested two hypotheses regarding the body
size of the Lesser Antillean iguanas in relation to island colo-
nization and climatic variations: Firstly, there exists a positive
correlation between body size and the size and degree of spa-
tial isolation of the islands. Secondly, there exists a positive
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correlation between body size and annual rainfall and ambient
temperature.

Materials and methods

Study sites and populations

We conducted a study on wild adult Lesser Antillean iguanas
at seven sites across the French Lesser Antilles (Fig. 1,
Table S1). In Martinique, individuals were sampled from popu-
lations on both the main island and Chancel island. On
Saint-Barthélemy, only individuals from the main island were
included. Iguanas from Basse-Terre, Désirade island, and the
two islands of Petite-Terre made up the study populations for
Guadeloupe.

Data collection

Data collection spanned from 2009 to 2021, involving a total
of 6878 individuals (2734 males and 4144 females; Table S1).
We used three databases compiled by different agencies. Data
from Saint-Barthélemy were sourced from the ATE (Agence
Territoriale de [I’Environnement), while data from Martinique
and Guadeloupe were provided by iguana conservation man-
agers, specifically those from the DEAL (Direction de I’Envir-
onnement, de 1’Aménagement et du Logement) and the ONF
(Office National des Forets). Data on iguanas from Chancel
island, Petite-Terre, and Désirade island was obtained through
CMRs (capture-mark-recapture) conducted in spring and sum-
mer as part of a national action plan. Data collection occurred
over different years for each population, as detailed in
Table S1. Individuals were identified individually with a PIT-
tag, and only those captured once were included in the ana-
lyses. To determine the sex of iguanas, we used visual obser-
vation and identified the presence of large femoral pores in
males, following the method described by Dellinger and von
Hegel (1990). This non-invasive approach is preferred to hemi-
penial eversion and is practical for use in field conditions
(Rivas et al., 1996). Individual iguanas were measured using
the standard size index for iguanas and lizards, the snout-vent-
length (SVL). Live body measurements were taken, with the
iguanas positioned belly-down and measured using flexible
fiberglass tape at 0.1 cm precision, as in a previous study
(Warret Rodrigues et al., 2021). The survey methodology was
standardized across all sites and maintained consistency from
year to year to ensure reliable data collection. It should be
noted that individuals resulting from the interbreeding of
Iguana delicatissima and the invasive common iguana (Iguana
iguana) were present on several of the islands. We distin-
guished between Iguana delicatissima and its hybrids based on
their morphological differences. Specifically, hybrids exhibit
distinctive characteristics such as a ringed tail and a large sub-
tympanic scale, both of which are absent in Iguana delicatis-
sima (Breuil, 2013).

Most studies on iguana morphology focus on body size and
weight, often demonstrating strong correlations between these
variables (Bakhuis, 1982; Werner, 1983; Wikelski & Trill-
mich, 1997). Previous research has not found significant
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Figure 1 Localization of French island’s living population of Lesser Antillean iguanas (in blue). Underlined islands represent the studied sites.

differences in the slopes of log mass against log SVL between
male and female iguanas (Bakhuis, 1982; Wikelski & Trill-
mich, 1997). Our own data from Iguana delicatissima also
revealed a strong correlation between body weight and size
(Figs S1 and S2). Female body weight can vary considerably
during the breeding season, with egg masses sometimes reach-
ing up to 61% of the female’s body weight (Stamps
et al.,, 1998). Given the difficulty in determining the reproduc-
tive status of most females in our dataset, we opted to focus
solely on SVL measures for this study and excluded weight as
a variable. We considered iguanas to be adult when they
reached an SVL of 24 cm, which corresponds to sexual matu-
rity; this was the length at which the smallest female in our
dataset was detected as gravid.

We obtained annual rainfall and ambient temperature data
from local automatic weather stations operated by Météo
France, located closest to the iguana capture sites. Monthly
data were averaged over the years to derive representative
values. For geographical measures of an island, we considered
the surface area of the island and its closest distance to the

mainland, as suggested by ecological studies (Itescu
et al., 2018; Lomolino, 2005; Meiri et al., 2005). The distance
from each island to the nearest mainland (South America)
serves as an index of the islands’ spatial isolation (Itescu
et al., 2018). We used Qgis software (version 3.22.9) to calcu-
late distances and areas. Based on the non-uniform distribution
of island areas in our sample, we classified them into three
size categories: small (<2 km?), medium (between 20 and
30 km?) and large (more than 1000 km?) (Table 1). We were
not able to investigate the influence of the shortest distance to
the largest neighboring island, as recommended in some stud-
ies (Itescu et al., 2018, 2020), because the specific layout of
the islands in our study region did not allow for all the neces-
sary combinations of the islands’ geographical characteristics
to occur, as required for statistical analysis.

Statistical analysis

We performed a generalized linear mixed model (GLMM)
using the R software (version 4.2.2, R Core Team, 2022) and

4 Journal of Zoology ee (2025) ee—ee © 2025 The Author(s). Journal of Zoology published by John Wiley & Sons Ltd on behalf of Zoological Society of London.

85UB017 SUOWIWIOD SA a1 3|(dedldde 8Ly Aq peusenob ae Ssppiie O ‘8sN JO SaInJ 10} A%Iq1T8UlJUO AB]IM UO (SUORIPUOD-PUE-SWLBYWI00 A8 1M ARe.q 1 |Bu [Uo//Sdny) SUOIIPUOD Pue SLB | 8L 88S *[5202/90/70] U0 AriqTaul|uo 8|1 BueIng youe.H aueiyood Aq 82002 0Z[/TTTT'OT/I0P/W0 A8 im Ake.d jpuluo'suoeotjand sz//:sdny wouy pepeojumoa ‘0 ‘866.69%T



F. Desigaux et al.

Table 1 Localization and characteristics of islands

Climate and island geography influence on iguana size

Latitude Longitude Distance to nearest mainland (km) Area (km?) Ambient Rainfall (mm/
Location (N) (O) (category?) (category®) temperature (°C) year)
Basse-Terre 16°20'37" 61°45'47" 575 (2) 1628 (3) 27.2 £ 0.22 160.3 + 14.2
Chancel 14°41'38"  60°53'20" 448 (1) 0.7 (1) 279 +£0.18 90.3 + 16.8
Désirade 16°18'45” 61°3'46" 617 (2) 21.1 (2) 27.6 + 0.15 91.5 + 21.9
Martinique 14°50'59”  61°12'13" 416 (1) 1128 (3) 27.3 141
Petite-Terre- 16°10'38" 61°6'32” 603.8 (2) 0.3 (1) 27.6 £ 0.23 79.6 £ 16
de-Haut
Petite-Terre- 16°10'16”  61°7'11” 603.4 (2) 117 (1) 27.6 +£ 0.23 81.1 £ 15
de-Bas
Saint-Barthélemy  17°564'6" 62°50'7" 797.2 (3) 21 (2) 27.4 + 0.29 83.4 + 274

*1, short distance; 2, intermediate distance; 3, long distance.
I71, small area; 2, medium area; 3, large area.

the glmer function of the /me4 package (Bates et al., 2015).
The dependent variable was iguana size (SVL). Predictor vari-
ables included individual sex, annual rainfall (mm), annual
ambient temperature (°C), total island area (km?), and the
shortest distance (km) to the mainland. Given that magnitude
matters for the latter two variables, they were treated as ordinal
variables, with each divided into three categories (Table 1).
Location (island) and year of study were included as random
factors in the model. We performed the GLMM analysis with
a gamma distribution and a log link function, as it is suitable
for modeling continuous, positive data with a constant coeffi-
cient of variation (Thiele & Markussen, 2012). We checked
the absence of collinearity among the predictor variables,
ensuring that the variance inflation factor was below 3 for all
variables using the check collinearity function of the perfor-
mance package (Liidecke et al., 2021). We assessed the quality
of the model fit using four key diagnostic plots (Fig. S3). The
quantile-quantile (QQ) plot showed that the residuals followed
a normal distribution, supporting the assumption of normality
in the model. Analysis of the residual plot showed no apparent
bias in the residuals, indicating that the model assumptions of
homoscedasticity and linearity were likely to be met. The
leverage plot was used to identify any data points with a
potentially large influence on the model. No observations were
found to have unusually high leverage. Cook’s distance plot,
which measures the influence of individual observations on the
regression results, showed no data points with a disproportion-
ate influence on the model fit. Additionally, we performed
post-hoc pairwise tests to compare categories, using the
emmeans function of the emmeans package (Lenth
et al, 2022), with a Tukey adjustment for multiple
comparisons.

Results

Males were significantly larger than females across all popula-
tions studied (males: mean + sp = 30.03 & 3.11; females:
m =+ sp = 29.04 £+ 2.63) (Table 2). We found no statistically
significant effect of rainfall on SVL (Table 2, Fig. S4).
Although there was a tendency for SVL to increase with rising

Table 2 Results of the generalized linear mixed model (GLMM):
factors affecting body length (SVL) of Lesser Antillean iguanas

Estimate sE t P
Intercept 3.433 0.046 75.3 <0.001
Sex male 0.037 0.002 17.9 <0.001
Rainfall 0.002  0.002 1.33 0.185
Ambient temperature 0.004 0.002 1.88  0.061
Medium island area 0.112 0.067 1.67 0.094
Large island area 0.165 0.038 4.38 <0.001
Intermediate distance to -0.169 0.042 —-4.07 <0.001
mainland
Long distance to mainland —0.076 0.085 -0.89 0.372

ambient temperature, this relationship was not statistically sig-
nificant (Table 2, Fig. S5).

Island area had a significant effect on iguana size. Specifi-
cally, iguana SVL increased significantly with increasing island
size (see Table 2). Post-hoc analyses revealed that iguanas on
small islands were significantly smaller than those on larger
islands  (pairwise comparison with Tukey correction:
estimate = —0.165, s = 0.038, P < 0.0001; Fig. 2a). There
were no significant differences in SVL between medium and
small islands (pairwise comparison with Tukey correction:
estimate = —0.112, sg = 0.067, P =0.216), or between
medium and large islands (estimate = —0.053, sE = 0.065,
P = 0.692). The “shortest distance from the mainland” variable
had a significant effect on SVL. SVL decreased significantly in
iguanas from islands with a short or intermediate distance to
the mainland (estimate = 0.1689, se = 0.042, P < 0.001;
Fig. 2b). There were no significant differences in SVL between
islands with a long distance and those with an intermediate
distance  (estimate = —0.093, se = 0.073, P =0.410), or
between islands with a long distance and those with a short
distance (estimate = 0.076, st = 0.085, P = 0.650).

Discussion

In line with our expectations, we found a significant influence
of the geographical characteristics of the islands on the size of
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Figure 2 Violin plot showing SVL (cm) of Lesser Antillean iguana populations studied range as a function of (a) island area and (b) distance to
mainland (the gray bar represents the average SVL for each island category). We provide the P-values from pairwise comparisons with Tukey

correction (NS means non significant). Each coloured dot represents an individual.

the Lesser Antillean iguanas. Our results showed a positive
correlation between island area and body size. Similar correla-
tions have been documented across various animal species
(Benitez-Lopez et al., 2021; Clegg & Owens, 2002; Lomo-
lino, 2005; Stadler et al., 2023), including snakes (Hasegawa
& Moriguchi, 1989: Elaphe quadrivirgata and Elaphe climaco-
phora; Meik et al., 2010, 2012; Crotalus mitchellii) and marine
iguanas (Wikelski, 2005: Amblyrhynchus cristatus). Several
explanations have been proposed to explain this pattern of
body size relative to island size. Larger islands often resemble
continents in terms of their diversity and abundance of
resources such as food, water, and habitat space (Whittaker &
Fernandez Palacios, 2007); this abundance can support larger
individuals by providing ample nutrients that are necessary for

growth (Whittaker & Fernandez Palacios, 2007). Additionally,
larger islands may offer more diverse microhabitats for effec-
tive thermoregulation and energy efficiency, thus allowing
iguanas to move between cool and warm areas as needed
(Kearney, 2002). Another hypothesis posits that larger islands
support larger populations, leading to increased competition
among individuals for resources (MacArthur et al., 1972);
larger individuals may have a competitive advantage in secur-
ing and monopolizing resources, thereby facilitating their
growth (Adler & Levins, 1994).

We observed that iguanas on islands closest to the mainland
were larger than those on islands at intermediate distances.
This result indicates that the individuals farthest from the
mainland were subject to the island syndrome for a longer
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period of time than the larger individuals closer to the main-
land. This suggests that the potential source of island coloniza-
tion by a common ancestor of the Iguana genus was by the
nearest land, that is, the region of Venezuela. This result aligns
with the understanding that the greater contrast between island
and mainland habitats imposes stronger selective pressures,
leading to evolutionary changes in species (Adler &
Levins, 1994; Boback, 2003; Kisel & Barraclough, 2010; Per-
gams & Ashley, 2004). It is important to note that we did not
find a significant difference in iguana body size between the
islands farthest from the mainland and the other islands. How-
ever, it is crucial to acknowledge that the category including
the most distant islands was represented solely by
Saint-Barthélemy, limiting the robustness of this particular
result at this stage. Furthermore, the results concerning islands
closest to the mainland are influenced by the predominance of
data from the main island of Martinique. Further research
across different environments, populations, and species is
needed to validate the accuracy of our conclusions.

Body size in iguanas, as in other animals, has a strong
genetic component (Wikelski, 2003). It is understandable that
it may vary on an evolutionary timescale depending on the
geographical location of islands. If an island is highly isolated,
individuals are unlikely to interbreed. This results in reduced
gene flow, which favors the maintenance of different body
sizes within island populations (Itescu et al., 2020). In popula-
tions with a limited number of individuals, body size differ-
ences may be influenced by small gene pools within these
isolated populations. This difference will be more pronounced
if the iguana populations have experienced genetic drift like
founding effects or bottlenecks in their history, as suggested by
Lorvelec et al. (2004). Conversely, on the less isolated and
larger islands, gene flow will be greater, implying greater
genetic diversity, which may translate into greater morphologi-
cal variability in iguanas.

Another factor influencing body size variation relative to dis-
tance from the mainland is human-mediated transportation over
historical time. The larger Antillean islands can no longer be
considered as spatially isolated entities, as individuals from
other populations have been regularly introduced, both inten-
tionally and unintentionally, during the past centuries
(Breuil, 2013). This human-mediated gene flow may have
altered the gene pools of insular populations, impacting the
body size variation established over thousands of years. Over a
time span of several centuries, it appears that selection pres-
sure, potentially reinforced by pre-Columbian hunting, could
also have influenced genetic diversity and, consequently, the
morphological characteristics of populations. Prior to European
colonization, I delicatissima populations thrived and were
remarkably large, even under the pressure of extensive hunting
by pre-Columbian inhabitants (Bochaton et al., 2016). Paleon-
tological data indicate that human activities, particularly Euro-
pean colonization of the Caribbean, likely led to significant
changes in iguana body size (Bochaton et al., 2016). It has
been documented that pre-Columbian populations of Lesser
Antillean iguanas on Désirade and Petite-Terre islands had
mean SVLs of 35.8 cm and 33 cm, respectively, with maxi-
mum lengths of 46 and 46.2 cm (Bochaton et al., 2016). In

Climate and island geography influence on iguana size

our database, the mean SVLs of Lesser Antillean iguanas on
Désirade and  Petite-Terre are 29.7 = 73 cm  and
28.4 £+ 12.7 cm, respectively, with maximum SVLs of 37 cm
and 41.1 cm. This indicates that current Lesser Antillean
iguanas on Désirade island and Petite-Terre islands are approx-
imately 20% smaller in size than those from the
pre-Columbian period (Bochaton et al., 2016). When consid-
ered over the timescale of several centuries, it appears that
selection pressure can exert a significant influence on genetic
diversity, thereby influencing the morphological characteristics
of populations.

The locations and areas of islands are likely to have exerted
long-lasting directional selective pressures on the iguana popu-
lations over extensive timescales. The most important finding
of this study is that the geographical characteristics of islands
had stronger effects on the body size of Lesser Antillean
iguanas than ecological factors. Contrary to our expectations,
and despite their influence on the production of ecological
resources, we did not observe a significant effect of climatic
variables on the body size of Lesser Antillean iguanas in
recent years. On a shorter time scale of around 10 years, tem-
perature, which plays a crucial role in thermoregulation and
metabolic processes, had only a marginal effect. It is possible
that it did not emerge as a major determinant of iguana size
because of the limited variation in the temperature values mea-
sured during the study. There was also no evidence that annual
rainfall, which affects ecological productivity and resource
availability, had a significant influence on iguana body size.
These findings might seem surprising when compared to
broader ecological patterns where such variables often play a
more prominent role (Sterner & Elser, 2002). For instance, it
was described that marine iguanas (Amblyrhynchus cristatus)
exhibit larger body sizes during periods of higher algae abun-
dance in non-El Nino years, highlighting the direct link
between climatic conditions, food availability, and iguana size
(Wikelski, 2005).

A possible explanation for the limited effect of climatic vari-
ables on Lesser Antillean iguanas could be their ability to
adapt their diet, consuming available plants also during dry
periods. This ability to consume resources that limit iguanas
body size during periods of drought (see Wikelski &
Thom, 2000) is likely related to their demographic situation.
Lesser Antillean iguanas’ populations are classified as critically
endangered, with a decline of more than 75% (van den Burg,
Breuil, & Knapp, 2018), and appear to be well below the car-
rying capacity of their environment. This imbalance between
abundant resources and low numbers of individuals would
enable them to exploit a wide range of food without suffering
from strong inter-individual competition. It is not expected that
carrying capacity affects the body size of the iguanas in the
short term, as the environment offers sufficient resources. It
should be assessed taking into account several key factors that
directly affect iguana survival. Measuring the population den-
sity per island would indicate the level of food competition
within the population and whether or not resources are being
overexploited. It would be necessary to determine the dietary
preferences of iguanas, as well as the availability and quality
of food resources, which are influenced by climatic conditions.
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In addition, a study of interspecific competition with other her-
bivores present on the island would be useful to ascertain
whether iguanas have to share or compete for resources with
other species. Habitat characteristics need also to be consid-
ered, such as nesting sites and their numbers, hiding places for
protection from predators, and sun-exposed sites. Extreme cli-
matic events such as hurricanes and droughts can threaten the
survival of populations on short time scales, so it would also
be worthwhile to identify the habitat characteristics that
iguanas need to withstand them. For instance, the iguana popu-
lation on the Petite-Terre islands collapsed during the hurri-
canes of 1995 and the severe drought of 2001 (Breuil, 2002).
Such events could have caused a bottleneck, leading to low
genetic diversity and making the population more vulnerable.

Another ecological factor that can potentially influence the
variation in body size over a period of several years is predation
pressure. Predation is known to drive size increases in small
species and decreases in large species, and size could be directly
linked to predator— prey selection and prey anti-predator
responses (Heaney, 1978). During hunting, the largest iguanas,
containing more meat, should be the preferred prey, especially
because these iguanas are more easily identified visually. Today,
although it is now illegal, hunting was a significant problem on
many islands, especially during periods when food reserves
diminish, such as after hurricanes (van den Burg, Breuil,
et al., 2018), leading to iguana population collapses (van den
Burg, Madden, et al., 2018) and probably a drop in the number
of large individuals. Predation by invasive species could be
another major factor affecting iguana size because juvenile
iguanas are regularly preyed upon by rats, cats, dogs, and mon-
gooses (van den Burg, Breuil, et al., 2018; van den Burg, Mad-
den, et al, 2018). The combination of predator richness,
predation intensity, and interspecific competition related to island
characteristics could also exert iguana size selection.

In addition to the need for ecological studies of Lesser
Antillean iguanas, this study suggests several avenues for
future research. It is necessary to confirm our present conclu-
sions by studying the other endemic iguana species of the
Lesser Antilles, as well as the invasive species. More gener-
ally, it would be beneficial to expand the study to include
larger samples of populations and species in different geo-
graphical locations. This expansion should aim to test a wider
range of factors, such as distance to the nearest major land-
mass, distance to the nearest species-rich landmass, and preda-
tion (see Itescu et al., 2020).
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Additional Supporting Information may be found in the online
version of this article:

Table S1 Year, number of individuals and their average size
surveyed by island.

Figure S1 SVL (cm) as a function of log weight (g) for
male (n = 2734) in all islands studied. The blue line corre-
sponds to the correlation coefficient » = 0.87, P < 0.001.

Figure S2 Log SVL (cm) as a function of log weight (g)
for female (n = 4144) in all islands studied. The blue line cor-
responds to the correlation coefficient » = 0.81, P < 0.001.

Figure S3 Assessment of the quality of the model fit evalu-
ated using four key diagnostic plots (a) QQ-plot (b) Residual
Graph (c) Leverage Graph (d) Cook’s Distance Plot.

Figure S4 Influence of rainfall (mm) on the body size of
iguanas (SVL) over all the years and islands monitored.

Figure S5 Influence of temperature (°C) on the body size of
iguanas (SVL) over all the years and islands monitored.

Data S2.
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