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Insular biodiversity has aroused the curiosity of biologists in assess-
ing ecological and evolutionary hypotheses concerning their main-
land counterparts. Comparisons of particular life history traits
between island and mainland populations have provided a broader
view of phenotypic and behavioral plasticity at both intraspecific
and interspecific levels (Meiri 2007). Body size has been one of the
most important biological traits used to measure phenotypic fea-
tures, as it correlates with all aspects of life history and is influenced
by many abiotic and biotic factors (Peters 1983). There are some
studies that explore body size variation as a measure of sexual size
dimorphism (Shine 1989); this measure can be male- or female-
biased and is more evident in the larger species (Abouheif and
Fairbairn 1997). Conversely, some investigations have shown the
effects of the island rule hypothesis on body size variation, which
suggests gigantism in small animals and dwarfism in large animals
as a response to competition, predation, and food availability in in-
sular environments (Van Valen 1973; Meiri et al. 2008). Lizards of
the genus Anolis (Squamata: Dactyloidae) have been used as excel-
lent models in attempting to understand ecological and physiologic-
al processes between and within species, as well as across
environmental conditions (Losos 2009). Body size comparisons be-
tween island and mainland populations have been recorded in the
Clouded Anole Anolis nebulosus (Hernandez-Salinas et al. 2014;
Senczuk et al. 2014; Siliceo-Cantero et al. 2016). These studies have
shown that sexual dimorphism is higher on the island than on the
mainland; however, such comparisons were conducted in a single
study area per environment, and the continental and insular sites
have been the same in some of the above-referenced studies.
Therefore, whether similar body size patterns are different between
insular and mainland populations remains somewhat unknown.

The goal of this study is to assess the effect of the island rule hy-
pothesis on sexual size dimorphism (SSD) in A. nebulosus. First, we

compared the body size (SVL: snout-vent length) between males and
females from 3 island populations. If insular populations exhibit
sexual dimorphism, in concordance with previous works (e.g.,
Hernandez-Salinas et al. 2014), initially we expected a male-biased
body size. Scharf and Meiri (2013), however, observed that analyz-
ing body size alone could lead to different conclusions and mislead-
ing hypotheses on sexual dimorphism, and so for this reason, we
also compared 4 morphological traits between the sexes among the
island populations. Second, we evaluated the body size of island
populations and some mainland populations across most of the geo-
graphic range of A. nebulosus. The island rule could not only favor
a large body size, but also the ornamentation related to sexual selec-
tion; thus, we also compared the male ornament (i.e., dewlap length
and size) between the island and mainland populations. Third and
finally, we calculated the SSD index to illustrate the direction of sex-
ual dimorphism among island and mainland populations.

The methods and statistical analyses are described in the
Supplementary Material. Briefly, we measured 6 morphological
traits in 305 museum specimens, which represent 4 insular popula-
tions and 32 mainland populations of A. nebulosus (Figure 1A,
Appendix 1). The number of specimens measured from each popula-
tion ranged from 2 to 61. The measurements were taken with a cali-
per scale 150mm to *= 0.1mm precision. To avoid potential
miscalculations, the same person measured all the museum speci-
mens. We identified their sex by using external sex-specific charac-
teristics. We also estimated the dewlap area of males from island
and mainland populations. All of the measurements were log10
transformed before the data analysis. To calculate the SSD index,
additional data on island and mainland populations were obtained
from the literature.

In total, we measured 37 males and 14 females from Isla Maria
Cleofas, 25 males and 4 females from Isla Maria Madre, 43 males
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Figure 1. (A) Geographic distribution of A. nebulosus (Flores-Villela and Hammerson, 2007), showing the location of the insular populations in this study. Data
from red circles and blue triangles were used for statistical analyses, whereas only data from red circles were used to estimate SSD index. (B) Comparison of

body size between females and males from the island and mainland populations. (C) Sexual dimorphism index in snout-vent length between insular (black) and
mainland (white) populations, whereas the negative and positive values indicate male- and female-biased results, respectively.

and 18 females from Isla Maria Magdalena, 3 males and 1 female
from Islote San Juanito. We also measured 88 males and 53 females
from different mainland populations (Figure 1A). In general, the
SVL of insular males ranged from 32.0 to 61.0 mm, and the SVL of
insular females ranged from 31.5 to 48.7 mm. The SVL of mainland
males and females ranged from 32.0 to 57.0mm and 32.0 to
51.0 mm, respectively (Supplementary Table S1). The SVLj410 was
not affected by the interaction of the island population and their sex
(two-way ANOVA test, F 135 = 1.37, P=0.26). However, a post
hoc Tukey test showed differences in the SVLj,4109 between the sexes
for each island population (HSD test, P < 0.001). Based on the first
component (Principal Component Analysis), the interaction between
the island and their sex affected the head and limb sizes (two-way
ANOVA test, F, 135 = 3.55, P=0.03). A post hoc Tukey test
showed that differences in head and limb sizes occurred between
females from Isla Maria Madre and Isla Maria Magdalena (HSD
test, P=0.002), and between the sexes in Isla Maria Magdalena
(HSD test, P=0.028). A two-way ANOVA test also showed that
the interaction between sites (island and mainland) and their sex
affected the SVLjog10 (F3201 = 16.29, P <0.01, Figure 1B), specific-
ally males from the mainland differed from their insular counter-
parts (HSD test, P <0.001). The average dewlap length of males
differed among populations (F5 133 = 41.7, P < 0.01), with the low-
est average of 23.1 = 3.9 mm in the mainland populations, whereas
the insular populations showed similar averages (31.2 = 6.4 mm to

32.1 = 7.3 mm; Supplementary Table S1). The estimated dewlap
area also was different among populations (F3 175 = 21.5, P <0.01).
The SSD index showed differences between the insular and main-
land populations (Mann-Whitney U test, U="7, P < 0.01). All 4 in-
sular populations were male-biased, whereas 40% of the mainland
population were female-biased, 50% were male-biased, and 10%
were isomorphism (Figure 1C).

Our results supported the occurrence of sexual dimorphism in A.
nebulosus throughout the island populations. Based on the literature
and our results, this species exhibits insular gigantism biased toward
males, regardless of isolation. A striking result was that our study
species showed a broad range of SSD, with an extreme male bias evi-
dent on the island populations, although the mainland populations
showed a continuous sexual dimorphism from male- to female-
biased. These findings that the selective pressures affect intersexual
body sizes might vary among populations. Evolutionary biologists
have provided some ecological and adaptive hypotheses to explain
sexual size dimorphism, and have suggested that a large male size
could promote success in male-male competition for females and
territories. When females exceed males in size, this confers an ad-
vantage in fecundity selection because the number of offspring
increases with female size, while the lack of sexual dimorphism
relates to resource partitioning (reviewed by Cox et al. 2007). Our
results showed that the main difference in sexual dimorphism
among the island populations was their SVLs, while the head and
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limb measurements were similar between the sexes, except for
females from Isla Maria Magdalena. The prevalence of large males
might be advantageous in male aggression and territoriality during
the breeding season. Siliceo-Cantero et al. (2016) observed that
males from islands spent 95% of their time conducting social inter-
actions, while mainland males spent 44% of their time resting and
hiding. These authors suggested that the absence of competitors and
predators on island populations enhances the time and energy
invested in other species-specific physiological and behavioral fac-
tors (Stamps et al. 1997). The above behavioral observations might
be associated with differences in the male ornamentation, as males
on islands showed a larger body size and larger dewlaps than their
conspecifics on mainland populations. This information constitutes
new evidence that the island rule hypothesis also favors the male or-
namentation in the study species. Dewlap displays in males have
been associated with courtship, territorial defence, predator deter-
rence, and species recognition (William and Rand 1977, Fitch and
Hillis 1984). Alternatively, anole species with a large SSD are
derived from ancestral clades with male-biased dimorphism (Poe
et al. 2007); consequently, the insular conditions trigger a cascade of
intrinsic and extrinsic factors that favor a large body size for insular
males, thereby increasing their sexual size dimorphism. Although
this study focused on island populations, the results of mainland
populations suggest that fecundity selection might be advantageous
in populations where females exceed the size of males. Moreover,
the male ornamentation in mainland populations might vary among
specific landscapes and climatic regimes. Nevertheless, these ideas
must be evaluated in greater detail in future studies.

Supplementary Material

Supplementary material can be found at https://academic.oup.com/
cz.
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