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What drives variation in habitat use by Anolis
lizards: habitat availability or selectivity?

M.A. Johnson, R. Kirby, S. Wang, and J.B. Losos

Abstract: Geographic variation in habitat availability may drive geographic variation in a species’ habitat use; alterna-
tively, species adapted to particular habitat characteristics may use a habitat regardless of its availability within an environ-
ment. In this study, we investigated habitat use of two sympatric species of Anolis lizards that are morphologically
specialized to use different microhabitats. We examined variation in microhabitat use and availability among four distinct
forest types. In each forest type, we quantified available microhabitats (i.e., perch diameter, angle of inclination, and visi-
bility), as well as microhabitats actually used by each species. We found that species consistently differed in microhabitat
use, corresponding to each species’ morphological specializations. However, microhabitat use of both species varied
among sites. This variation in Anolis gundlachi Peters, 1876 reflected differences in microhabitat availability, while the
variation in Anolis krugi Peters, 1876 resulted from differential microhabitat selectivity. These results indicate that both
habitat availability and habitat preferences must be examined in multiple localities for a species to understand the causes
of variation in its habitat use.

Résumé : La variation géographique de la disponibilité des habitats peut expliquer la variation géographique de l’usage
qu’une espèce fait de son habitat; d’autre part, une espèce adaptée à des caractéristiques particulières de l’habitat peut uti-
liser un habitat quelle que soit sa disponibilité dans un milieu. Nous examinons dans notre étude l’utilisation de l’habitat
par deux espèces sympatriques d’Anolis spécialisées par leur morphologie à utiliser des microhabitats différents. Nous dé-
terminons la variation dans l’utilisation et la disponibilité des microhabitats dans quatre types distincts de forêt. Dans cha-
que type de forêt, nous quantifions les microhabitats disponibles (c.-à-d., diamètre des perchoirs, angle d’inclination,
visibilité) ainsi que les microhabitats actuellement utilisés par chaque espèce. Les deux espèces diffèrent constamment
dans leur utilisation des microhabitats, de façon qui correspond à leurs spécialisations morphologiques. L’utilisation des
microhabitats varie, cependant, d’un site à un autre. Chez Anolis gundlachi Peters, 1876, cette variation résulte de la dispo-
nibilité des microhabitats, alors que chez Anolis krugi Peters, 1876 elle s’explique par une sélectivité différentielle des mi-
crohabitats. Ces résultats indiquent que la disponibilité des habitats ainsi que les préférences d’habitat doivent toutes deux
être examinées en plusieurs sites pour une même espèce, si l’on veut comprendre les causes de la variation de son utilisa-
tion de l’habitat.

[Traduit par la Rédaction]

Introduction

Species with large geographical ranges often experience
environmental variation across localities, and populations of
widespread species may evolve adaptations in response to
selective pressures in local environments. Because this dif-
ferentiation may ultimately result in speciation, understand-
ing interpopulational responses to environmental variation
is a principal goal of evolutionary ecology. For example,
differential habitat use within a species may reflect varying
selective pressures across its range. Indeed, studies that
have quantified habitat use across the geographic range of
a species have shown that it can vary dramatically (e.g.,
Grzybowski et al. 1994; Parody and Parker 2002; Väli et
al. 2004). However, individuals may dampen the effects of

environmental variation by using a subset of the habitats
available to them (e.g., Huey et al. 2003) so that habitat
use remains the same even when environments differ.
Therefore, to determine whether populations in different lo-
calities have different responses to environmental variation,
the habitats both available to and used by a species must
be quantified. In this study, we present an example of
such an approach.

Variation in habitat use may result from two factors: on
the one hand, a species’ habitat use may mirror the distribu-
tion of habitats available; thus, populations would exhibit
differences in habitat use that reflect geographic variation in
the environments in which they occur. This situation may
occur if the species has not evolved adaptations to a partic-
ular habitat, or if no interacting species restrict its habitat
use. Conversely, a species’ choice of habitat from available
habitats may vary among populations so that populations oc-
curring in similar environments would nonetheless exhibit
differences in habitat use, or that populations occurring in
different environments would show very similar patterns of
habitat use. The former condition could be the result of pop-
ulation differentiation in response to differential presence of
predators or competitors, or of genetic drift among popula-
tions, while the latter may occur if the species has evolved
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specialized adaptations to a particular habitat so that it will
always search out that habitat, regardless of its availability.
Of course, both habitat availability and habitat choice (i.e.,
the difference between available and used habitats) might
vary geographically, leading to an interaction between the
two components. Without a measure of availability, we can-
not determine the cause of differential habitat use; however,
studies that measure habitat availability independently of
habitat use are uncommon (but see Schoener 1975; Eaton et
al. 2002; Mattingly and Jayne 2004; Irschick et al. 2005).

CaribbeanAnolis lizards (anoles) are an ideal system in
which to address questions of habitat use across environ-
ments. Many species of anoles are widespread, occurring in
environments with varying vegetative structures. However,
previous work has shown that lizards in this genus have re-
peatedly evolved suites of specialized adaptations to particu-
lar microhabitats on the islands of the Greater Antilles (i.e.,
Cuba, Hispaniola, Jamaica, and Puerto Rico) (Williams
1983; Losos 1990a). For example, species that typically
perch on tree trunks near the ground have long limbs and
use a sit-and-wait foraging strategy, while species that perch
in tall grasses and bushes have short limbs, long tails, and
frequently change perches as they forage. These traits ap-
pear to be consistent across different environments in which
the lizards naturally occur, but microhabitat availability in
these environments has rarely been assessed (but see Scho-
ener 1975; Mattingly and Jayne 2004; Irschick et al. 2005),
and microhabitat availability and use both have not been ex-
amined in multiple environments for a given lizard species.

Lizard species that occur across a wide range of environ-
ments must either use perches with different characteristics in
different localities or demonstrate different degrees of selec-
tivity by searching out perches in each locality to maintain
the same habitat use despite differences in availability. In
this study, we examined microhabitat use and availability
in two co-occurringAnolis species that have different habi-
tat specializations to address two questions. First, do liz-
ards of a single species in different environments use
different microhabitats? With the abundant literature indi-
cating that anole species have specialized adaptations to par-
ticular microhabitats (e.g., Williams 1969, 1983; Losos
1990a, 1990b), we predicted that most characteristics of
used microhabitats for each species would not differ across
environments. Second, if geographic differences in micro-
habitat use exist, are these differences because of variation
in available microhabitats, differences in choice of micro-
habitat, or both? For example, if a preference exists in a
species to use the broadest surfaces available, then the
greater the availability of broad surfaces, the greater the
mean diameter used in a population. Alternatively, the spe-
cies may prefer broad perch diameters in some environ-
ments more than others. Here, we provide a test to
differentiate between these explanations in two species of
Anolis lizards.

Methods

Focal species and study sites
To address these questions, we examined two species of

sympatric Puerto Rican anoles.Anolis gundlachi Peters,
1876 (Fig. 1a) is a medium-sized ‘‘trunk–ground’’ lizard

that typically perches on trunks of trees 3 m or below,
although members of this species also descend to the ground
for foraging or territory defense (Rand 1964).Anolis krugi
Peters, 1876 (Fig. 1b) is a small-bodied ‘‘grass–bush’’ lizard
with a very long tail that is most often found close to the
ground in tall grass or small bushes (Rand 1964). Both of
these species are common in shaded montane forests of Pu-
erto Rico (Rivero 1998), although they have adapted to use
very different microhabitats in this environment.

We conducted this study in the Caribbean National Forest
(CNF) near Luquillo, Puerto Rico. Puerto Rico contains six
different Holdridge life zones (Ewel and Whitmore 1973),
four of which occur in the CNF and were used in this study.

Fig. 1. (a) Anolis gundlachi adult male. (b) Anolis krugi adult male.
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We investigated microhabitat use ofA. gundlachi and
A. krugi in five sites along an elevational gradient that in-
cluded all four of the life zones in the CNF. Although we
did not quantify lizard densities across the five sites, we ob-
served no differences among the sites, with the exception of
the apparent lowerA. krugi density in the highest elevation
site, i.e., cloud forest.

Tabunuco forest is a forest type within the subtropical wet
forest that is dominated by the tabunuco tree (Dacryodes ex-
celsa Vahl), but it also contains around 150 species of other
trees, including tree palms, and understory vegetation. Tabu-
nuco forest has a mean canopy height of approximately
20 m (Ewel and Whitmore 1973). Our study included both
a ‘‘low’’-elevation site (~150 m) and a ‘‘high’’-elevation site
(~450 m) in tabunuco forest. Both study species occur in
each of the tabunuco study sites.

Palo colorado is a forest type within the lower montane
wet forest that is characterized by palo colorado trees (Cy-
rilla spp.), as well as around 50 other species of tree palms
and understory vegetation (Ewel and Whitmore 1973). Our
study site in the colorado forest was at an elevation of
~610 m. Both of the study species occur at the colorado
study site.

The third forest type we investigated, sierra palm forest,
occurs at the intersection of three life zones. Although pri-
marily considered lower montane wet forest, it also crosses
into both subtropical wet forest and subtropical rain forest
(Ewel and Whitmore 1973). It is almost exclusively domi-
nated by a single species of palm (Prestoea montana
(Graham) Andr. Hend. & Galeano.) and has very little
understory. Our site was at ~800 m in elevation.Anolis
gundlachi occurs in this palm forest study site, butA. krugi
is absent in this forest probably because of the lack of
understory vegetation.

The final forest type examined was cloud (also called
dwarf) forest, which is characterized by a low canopy
(<7 m). This forest type occurs only on mountain peaks in
Puerto Rico, and our site occurred at ~820 m in elevation.
Cloud forest is within the lower montane rain forest zone
and is distinguished by stunted trees, abundant epiphytes,
and a dense herbaceous understory (Ewel and Whitmore
1973). OnlyA. krugi was found in this study site.

Data collection
To determine whether lizards were using a nonrandom

subset of available microhabitats, we quantified both the
availability of microhabitats in each study site and where
the lizards were actually perching. To measure microhabitat
availability we established a 30 m transect at each site, ex-
cept in the low-elevation tabunuco forest site where we es-
tablished two 25 m transects. Along each transect, we
measured potential perches at three heights: 0.5, 1.25, and
2.0 m. These heights encompass the typical heights of both
focal species (Rand 1964; Schoener and Schoener 1971b;
Losos 1990a). At 1 m intervals, we measured potential
perches on both sides of the center transect line. If no poten-
tial perch existed within 1 m of the center at one of the des-
ignated heights, no perch was measured on that side. If there
was more than one perch at a designated height on a partic-
ular side of the center line, we haphazardly selected one

perch from those available, usually the first perch we en-
countered.

At each selected perch, we measured perch diameter, an-
gle of inclination, and average visibility. Perch diameter is
one of the classic measures ofAnolis microhabitat (e.g.,
Rand 1964, 1967; Schoener and Schoener 1971a, 1971b;
Pounds 1988; Losos 1990a), and previous work in birds and
lizards has shown that inclination (Mattingly and Jayne
2004) and visibility (Scott et al. 1976; Eason and Stamps
1992, 2001) may affect perch use as well. Diameter was
measured using a measuring tape, and angle was measured
with a manual angle finder where a vertical perch was 08
and a horizontal perch was 908. We determined visibility by
calculating the percentage of space around the perch that
was free from obstructions, i.e., the percentage of space a
hypothetical lizard could see. To this end, we measured vis-
ibility in the vertical (perpendicular to the ground) and hori-
zontal (parallel to the ground) planes around the perch
representing the potential position of a lizard’s head. In
each plane, we measured the diameter (l) and distance from
the perch (h) of all objects, excluding the perch itself, within
a 0.5 m radius from the position of the head. If a smaller
object was directly behind a larger object, the smaller object
was disregarded. For each object, we then usedh and l to
calculate the percentage of the circle around the lizard’s
head (s) blocked by an object using the equation

s ¼ �

360�

(For the derivation of this formula see Appendix A.) For
each of the two planes, we then summed alls and subtracted
that value from 1 to calculate the total visibility (V) in the
plane, or the total proportion of the microhabitat visible to
the lizard. The horizontal and vertical visibilities were then
averaged for use in subsequent analyses. This visibility
measure ranges from 0 to 1, where 0 indicates a space with
no visibility and 1 indicates a space completely free of ob-
structions to visibility.

To examine actual lizard microhabitats, we measured the
perch characteristics of the first 20 adult males encountered
at each site. Females were excluded from this study because
males are more easily spotted in the forests, and our two fo-
cal species, like most anoles, are sexually dimorphic in mor-
phology, ecology, and behavior (Butler et al. 2000), and
have been shown to inhabit different microhabitats than con-
specific males (Rand 1967; Williams 1969; Schoener and
Schoener 1971b; Butler and Losos 2002). Measurements of
lizard microhabitats were not taken before 0830 or after
1700 or during inclement weather, as lizards often take ref-
uge during these periods (Losos 1990a; Hertz et al. 1993).
At each lizard’s perch, we measured perch height in addition
to the same perch characteristics described above: diameter,
angle of inclination, and mean visibility from the location of
the lizard’s head.

Statistical analyses
To investigate microhabitat use of lizards in different forest

types, we analyzed the four perch characteristics measured:
perch height, perch diameter, angle of perch inclination,
and average visibility from the perch. Each variable was
transformed using a method that resulted in the best ap-
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proximation of normality; height, diameter, and angle were
log-transformed, and visibility was square-root-transformed.
Because of the presence of zeros in the data set, a value of
one was added to angle and height measures prior to trans-
formation (Tabachnick and Fidell 2001).

To determine whether lizards used a subset of microhabi-
tats more similar to their conspecifics in other forest types
than to the mean available microhabitat in the forest type
where they occur, we used a principal component analysis
(PCA) in which data from both species and all five environ-
ments were pooled, followed by an analysis of variance
(ANOVA) comparing PC scores among three microhabitat
types (used byA. gundlachi, used byA. krugi, and avail-
able). If habitat preferences were constant, then mean PC
scores for each species would cluster together regardless of
the mean PC scores for each forest.

In addition, we used a series of multivariate analyses of
variance (MANOVAs) described below to investigate differ-
ences in available microhabitat characteristics between for-
est types and differences in microhabitats used by the two
species in different forest types. When significant differen-
ces were identified with MANOVA, we used follow-up
ANOVAs and Tukey’s honestly significant difference (HSD)
post hoc tests to characterize the differences.

We used a MANOVA to compare the five forest types to
one another to determine the differences in available micro-
habitats among the different environments. For this analysis,
we used three of the four variables: perch diameter, angle of
inclination, and mean visibility. (Perch height was excluded
from this analysis because there are a continuous number of
available heights on any given perch. Furthermore, perch
height availability is not a meaningful concept when dealing
with vertical tree trunks, particularly for lizards that spend
all of their time within several metres of the ground. There-
fore, we measured microhabitat characteristics at three pre-
determined heights as described above.) The two transects
in low-elevation tabunuco forest were combined after we de-
termined that results of the following analyses did not differ
when data from each transect were analyzed separately. We
also used a MANOVA to determine whether lizards used
different microhabitats in different forest types, using all
four microhabitat variables.

Finally, we performed a two-way MANOVA for each
species to investigate differences between microhabitats
available in the environment and microhabitats used by liz-
ards (i.e., habitat choice), differences between each forest
type, and the interaction between forest type and habitat
choice. Here, a significant interaction term would signify
that lizards are selecting microhabitats differently among
forest types (i.e., demonstrating what we term differential
selectivity).

Results

PCA
Using a PCA, we extracted all three components from the

three original variables: perch diameter, angle, and visibility
(Table 1). PC 1 had high positive loadings for angle and vis-
ibility and a high negative loading for diameter; PC 2 had a
high positive loading for perch diameter; and PC 3 had a
high negative loading for angle and a high positive loading

for visibility. We used an ANOVA comparing scores on
these PC axes to examine available and used microhabitats
for the different populations of both species (Table 2;
Fig. 2). Tukey’s HSD post hoc tests showed that all three
microhabitat types (used byA. gundlachi, used byA. krugi,
and available) differed atP < 0.05 on PC 1; available micro-
habitats differed from microhabitats used by either species
on PC 2, but the species did not differ from each other; and
microhabitats used byA. krugi differed from those used by
A. gundlachi and those available on PC 3, butA. gundla-
chi’s habitat use did not differ from that available (Fig. 2).

Microhabitat availability
The distribution of available microhabitats in each forest

differed significantly in diameter, angle, and visibility (Ta-
bles 3, 4). (Significant differences in available microhabitats
among forest types are indicated by different letters in
Table 3c.) Because we measured perches at three predeter-
mined heights, height was treated as a fixed factor. We
found that perches at 0.5 m were significantly narrower,
with less visibility, than perches at 1.25 and 2.0 m. How-
ever, no significant interaction existed between height and
forest type, and results did not differ when height was not
included in the analysis, so we present here only results
from the MANOVA in which data from all heights were
pooled.

Microhabitat use
Microhabitats used by both species differed significantly

among sites (Tables 3, 5). Univariate post hoc tests showed
that some microhabitat dimensions differed, but not others.
(Significant differences in a species’ microhabitat use
among forest types are indicated by different letters in
Tables 3a, 3b.) In particular,A. gundlachi perches differed
in height and diameter, but not in angle or visibility, and
A. krugi perches in different forest types differed only in
visibility (Table 5).

Microhabitat use vs. microhabitat availability
We next determined if differences in microhabitat use

Table 1. Results from principal component (PC) analysis.

PC

1 2 3

Perch diameter –0.596 0.802 0.035
Angle of inclination 0.715 0.362 –0.598
Visibility 0.723 0.304 0.620

Eigenvalue 1.389 0.866 0.744
Percent variance 46.3 28.9 24.8

Table 2. Results from ANOVAs on PC scores.

df F P

PC 1 2,935 94.09 <0.001
PC 2 2,935 17.27 <0.001
PC 3 2,935 3.50 0.031

Note: Boldface type indicates significantP values.
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were the result of variation in availability in different forest
types, or if lizards were preferentially choosing different
kinds of perches in different forests. (Significant differences
between the microhabitat used by a species and microhabi-
tats available in the forest are indicated in boldface type in
Tables 3a, 3b.) Separate MANOVAs were performed for
each species because the two species do not occur in the
same set of forests. ForA. gundlachi, we found that micro-
habitat (both available and used) differed among the forest
types, microhabitats used by lizards within a forest type dif-
fered from microhabitat availability (i.e., habitat choice),
and no interaction existed between forest type and habitat
choice (Table 6). Subsequent ANOVAs and Tukey’s HSD
post hoc tests revealed that forest types differed in perch di-
ameter and visibility, but not angle, and thatA. gundlachi

individuals used broader, more vertical microhabitats with
greater visibility than random microhabitats in the environ-
ment (Table 7).

Available and used microhabitats were also significantly
different in the forest types that containA. krugi, the grass–
bush anole.Anolis krugi used a nonrandom subset of avail-
able microhabitats, and a significant interaction existed for
this species between forest type and habitat choice (Table 6).
Subsequent ANOVAs and Tukey’s HSD post hoc tests
showed that forest types differed in diameter and visibility,
and thatA. krugi lizards preferentially chose more horizontal
perches with lower visibility than microhabitats randomly
available in their environments (Table 6). Furthermore, post
hoc tests showed that the forest type� habitat choice inter-
action in the A. krugi MANOVA was due to visibility
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Fig. 2. Principle component (PC) analysis results. Each point represents the mean (±SE) PC score for each species within each forest type,
as well as the mean (±SE) available microhabitat within each forest type. TL is tabunuco, low elevation; TH is tabunuco, high elevation; PC
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Table 3. Microhabitat variables used and microhabitat available within each forest type.

Diameter (cm) Angle (8) Visibility Height (m)

N Mean ± SD Median (range) Mean ± SD Median (range) Mean ± SD Median (range) Mean ± SD Median (range)

(a) Microhabitats used by Anolis gundlachi
Tabunuco

150 m 20 8.74±6.5a 6.5 (1.2–23) 10.2±12.9a 6.(0–50) 0.91±0.13a 0.98 (0.50–1) 1.99±0.74ab 2.03 (0.9–3.4)
450 m 20 11.46±6.3ab 12.0 (2.8–29) 6.3±9.6a 3.5.(1–45) 0.94±0.07a 0.96 (0.70–1) 1.63±0.50a 1.70 (0.9–2.7)

Colorado (600 m) 20 14.45±8.8b 14.0 (1.5–47) 8.4±13.5a 3.(0–45) 0.96±0.05a 0.98 (0.93–1) 2.37±0.78b 2.37 (0.9–4.0)
Palm (800 m) 20 12.55±5.3ab 13.3 (4.0–22) 9.0±11.2a 5.(0–45) 0.93±0.07a 0.95 (0.80–1) 3.53±1.50c 3.15 (2.3–9.4)

(b) Microhabitats used by Anolis krugi
Tabunuco

150 m 21 5.14±8.3a 1.6 (0.1–35) 34.0±30.1a 26.(0–80) 0.77±0.17a 0.78 (0.47–0.99) 0.95±0.57a 0.87 (0.02–2.3)
450 m 13 5.12±8.5a 3.0 (0.1–32) 41.8±29.4a 45.(0–90) 0.55±0.19b 0.52 (0.14–0.79) 0.64±0.83a 0.29 (0–2.9)

Colorado (600 m) 19 3.42±3.2a 2.0 (0.5–12) 56.1±30.0a 65.(0–90) 0.63±0.16ab 0.65 (0.38–0.92) 0.81±0.49a 0.68 (0.12–1.9)
Cloud (820 m) 13 2.29±2.2a 1.8 (0.3–6) 39.5±29.6a 32.(4–90) 0.67±0.18ab 0.71 (0.25–0.91) 0.96±0.40a 1.10 (0.35–1.5)

(c) Available microhabitats
Tabunuco

150 m 235 5.28±7.5bc 2.5 (0.2–59) 23.0±26.4ab 11.(0–90) 0.87±0.13ab 0.92 (0.35–1)
450 m 140 3.21±4.3a 1.5 (0.1–35) 21.3±26.5a 10.(0–90) 0.90±0.11a 0.94 (0.35–1)

Colorado (600 m) 143 4.81±5.7abc 2.2 (0.1–29) 29.7±29.2b 21.(0–90) 0.85±0.12b 0.88 (0.38–1)
Palm (800 m) 112 6.36±6.2c 3.1 (0.1–26) 15.8±21.1a 7.(0–90) 0.89±0.14a 0.95 (0.35–1)
Cloud (820 m) 162 4.33±6.5ab 2.0 (0.1–50) 21.7±26.8ab 9.5 (0–90) 0.72±0.23c 0.80 (0–1)

Note: Letters indicate results of post hoc tests; within a category (a, b, andc) and a column, different letters indicate significant differences (P £ 0.05). Boldface type indicates that the mean used micro-
habitat differed (P £ 0.05) from the mean available microhabitat in a forest.
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(Table 6); A. krugi chose microhabitats with less visibility
than random in three of the four forests, while choosing mi-
crohabitats at random with regard to visibility in cloud for-
est (the forest type that provides the lowest visibility
microhabitats; Table 3). This does not indicate that the mi-
crohabitat used byA. krugi in cloud forest was significantly
different with regard to visibility than the microhabitat it
used in other forests (Table 3), only that in the cloud forest
A. krugi used low visibility microhabitats in proportion to
the availability of those microhabitats. No significant inter-
action existed forA. krugi in either diameter or angle
(Table 7).

Discussion

In the present study, the five forest types we investigated

differed dramatically in the structure and composition of the
vegetation that they provide for perching substrates. Our
quantitative measures of available microhabitats in the for-
ests confirmed previous qualitative descriptions of these
differences (Ewel and Whitmore 1973). Despite these differ-
ences, bothA. gundlachi (a trunk–ground species) andA.
krugi (a grass–bush species) were generally consistent in
their habitat use (Fig. 2, Table 3), and consistent differences
occur between the species when they occur sympatrically.

Given the differences in forest structure, however, we
could predict two possible outcomes with regard to geo-
graphic variation in habitat use. On the one hand, microha-
bitat use may mirror availability. Alternatively, if an optimal
microhabitat type exists for each species, then habitat use
may not change across forests, even as availability does.
This would imply that lizards actively choose a particular
microhabitat type. Such selectivity is evident in the consis-
tent nonrandom use of the two species, but this hypothesis
suggests a much greater specificity at a smaller scale.

We found evidence for both patterns. InA. gundlachi, the
MANOVA revealed that the difference between microhabi-
tat availability and microhabitat use does not differ among
forest types (i.e., the interaction term is nonsignificant).
This result indicates that the extent of nonrandom microha-
bitat use by this species does not vary across environments,
as lizards of this species consistently use broad, open, verti-
cal microhabitats. Thus, differences in microhabitat use
amongA. gundlachi populations would seem to be a func-
tion of microhabitat availability.

Conversely, the interaction term was significant inA.
krugi; i.e., the difference between microhabitat availability
and use depended on forest type. This species chose particu-
larly low-visibility microhabitats in some forests, whereas
they were not selective and used low-visibility microhabitat
in proportion to its availability in the lowest visibility forest.
If differences in population density could account for these
differences in microhabitat use, we would predict that indi-
viduals in a lower density population would be more selec-
tive in their habitat use, as availability of preferred habitats
increases for low-density populations (Fretwell and Lucas
1970). However, the pattern observed here is the opposite;
i.e., the lower densityA. krugi population (cloud forest) is
the least selective. Being a grass–bush anole,A. krugi exhib-
its adaptations for moving through narrow and cluttered hab-
itats; these results indicate that the species prefers to use
these habitats regardless of their availability. This suggests
that an optimal range of microhabitat visibility exists for
this species, a conclusion supported by the finding that the
mean visibility of microhabitats used byA. krugi in cloud
forest (the lowest visibility environment in this study) does
not differ from the mean visibility it used in any other forest
(Table 3).

This optimal range of visibility forA. krugi is likely
bounded by two factors. First, the grass–bush microhabitats
that A. krugi is adapted to use are by definition lower visi-
bility than most forest microhabitats. In particular, separate
stems on a bush or in a clump of grass are likely to be
closer together than branches of a tree. This constraint im-
plies thatA. krugi are unlikely to use the most open micro-
habitats. However, asA. krugi are territorial animals that
likely must be able see an area to defend it, there is prob-

Table 4. Results from (a) MANOVA comparing available
microhabitats in each forest type and (b) follow-up ANOVAs
that determined which microhabitat variables differed
among forest types.

(a) MANOVA.

Wilks’ l df F P

Forest type 0.804 12,2077 14.88 <0.001

(b) ANOVA.

df F P

Diameter 4,787 6.18 <0.001
Angle 4,787 2.67 0.031
Visibility 4,787 35.55 <0.001

Note: Boldface type indicates significantP values.

Table 5. Results from (a, c) MANOVAs for each species and
(b, d) subsequent ANOVAs for each variable that determined
which microhabitat variables were significantly different, within
each species and among forest types.

(a) MANOVA.

Wilks’ l df F P

Anolis gundlachi 0.482 12,193 5.13 <0.001

(b) ANOVA.

df F P

Diameter 3,76 3.61 0.017
Angle 3,76 1.07 0.365
Visibility 3,76 0.57 0.677
Height 3,76 18.47 <0.001

(c) MANOVA.

Wilks’ l df F P

Anolis krugi 0.701 12,156 1.88 0.041

(d) ANOVA.

df F P

Diameter 3,62 0.36 0.702
Angle 3,62 1.46 0.233
Visibility 3,62 5.08 0.003
Height 3,62 1.89 0.140

Note: Boldface type indicates significantP values.
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ably also a limit to the degree of low visibility that males of
this species would use. In microhabitats that have too low
visibility, intruders could more easily escape the detection
of the territory holder (Rand 1967). Our results suggest that
variation in the availability of microhabitats within this
range causesA. krugi to exhibit differing degrees of selec-
tivity in the different forest sites.

Comparisons to other studies
In this study, we focused on microhabitat use and its rela-

tionship to the availability of those microhabitats. Because
no obvious method exists for determining the availability of
perch heights across a given area, we excluded height from
our analysis of microhabitat availability. However, a number
of other studies have identified perch height as a variable
that differs amongAnolis populations in different geo-
graphic localities (e.g., Rand 1967; Jenssen 1973; Schoener
1975; Lister 1976; Irschick et al. 2005). Results from the

present study concur with this finding, as we found that
A. gundlachi individuals perch at greater heights at higher
elevations (Tables 3, 5). Two possible explanations may ex-
plain this shift: (1) the physiological requirements of the
species may require lizards in cooler forests to use higher
perches to maintain their body temperatures within a pre-
ferred range (Hertz and Huey 1981; Huey 1991) and (2) the
faunal composition of communities influences habitat use.
Schoener (1975) argued that differential habitat use in
anoles is often the direct result of the presence or absence
of sympatric competitors, and perhapsA. gundlachi lizards
perch higher in palm forest than in the other sites investi-
gated because of the absence of its congener,Anolis ever-
manni Stejneger, 1904 (which typically uses higher perches
than A. gundlachi), at the palm forest site (M.A. Johnson,
personal observation). We did not find, however, that
A. krugi perch heights differed across localities, although
there was variation in the species with which it co-occurs.

Table 6. Results from a two-way MANOVA for each species comparing differ-
ences in forest type, microhabitat choice, and the interaction between the two.

Wilks’ l df F P

Anolis gundlachi
Forest type 0.844 12,2278 12.59 <0.001
Habitat choice 0.883 3,861 38.17 <0.001
Forest type� habitat choice 0.985 9,2096 1.48 0.150

Anolis krugi
Forest type 0.928 12,2241 5.36 <0.001
Habitat choice 0.908 3,847 28.61 <0.001
Forest type� habitat choice 0.973 9,2061 2.59 0.006

Note: Boldface type indicates significantP values.

Table 7. Results from ANOVAs, subsequent to the MANOVA reported in Ta-
ble 6, that further investigated significant differences among forest types, habi-
tat choice, and the interaction between the two.

Variable df F P

Anolis gundlachi
Forest type Diameter 4,863 3.11 0.015

Angle 4,863 0.37 0.832
Visibility 4,863 35.39 <0.001

Habitat choice Diameter 1,863 93.13 <0.001
Angle 1,863 20.95 <0.001
Visibility 1,863 19.05 <0.001

Forest type� habitat choice Diameter 3,863 1.75 0.155
Angle 3,863 1.66 0.174
Visibility 3,863 1.75 0.156

Anolis krugi
Forest type Diameter 4,849 3.89 0.004

Angle 4,849 2.31 0.056
Visibility 4,849 11.68 <0.001

Habitat choice Diameter 1,849 1.66 0.197
Angle 1,849 23.60 <0.001
Visibility 1,849 75.30 <0.001

Forest type� habitat choice Diameter 3,849 0.24 0.866
Angle 3,849 0.68 0.566
Visibility 3,849 6.78 <0.001

Note: Boldface type indicates significantP values.
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Previous studies have also indicated that perch diameter is
a relatively plastic trait within anole species (Jenssen 1973;
Irschick et al. 2005; Rodrı´guez-Robles et al. 2005). In this
study, we also found that mean perch diameters used by
A. gundlachi differed among forest types, whileA. krugi
did not exhibit such variation. The significance of changes
in perch diameter is not clear, but two considerations may
be (1) locomotor performance and (2) the evasion of preda-
tors as a function of diameter. First, the difference between
the two species in this study may stem from the fact that
changes in diameter are of much greater functional signifi-
cance at a smaller scale. BecauseA. krugi is adapted to
move on relatively narrow perches, it may be constrained to
use perches within a small range. However, above a certain
diameter, a tree trunk approximates a flat surface. Therefore,
increases in diameter may not be functionally meaningful
for A. gundlachi, as broader perches would not result in
slower locomotion for the animal (Rodrı´guez-Robles et al.
2005). Indeed, most anoles avoid microhabitats where loco-
motive performance is submaximal (Irschick and Losos
1999). Second, anoles that perch on tree trunks, such as
A. gundlachi, may more effectively avoid predators by using
broader perches, as natural predators (birds) do not approach
the blind side of a tree to capture prey (Scott et al. 1976).
Despite some geographic differences in diameter, it is clear
from the present study that both species use a nonrandom
subset of the diameters available to them across all sites.

Conclusions
As the four forests examined in this study differ markedly

in the lizard microhabitats they provide, results from this
study suggest thatAnolis species that occur in these forests
have different responses (as determined by habitat use) to
the differing environments in which they live. Our results
demonstrate that, while microhabitat choice plays an impor-
tant role in determining where a lizard will occur, important
differences exist in the patterns of choice exhibited by the
two species investigated here. Adaptations to particular mi-
crohabitats likely constrain habitat use in both species,
dampening the effects of varying habitat availabilities across
environments, but individuals of one species (A. krugi) have
a different degree of preference for certain microhabitat
characteristics in different environments. Habitat use there-
fore appears to be a complex behavioral trait, driven by
both the animals’ preferences and by habitat availability.
Furthermore, because preferences can vary among popula-
tions in different environments, habitat use is a potentially
important factor in interpopulation differentiation.
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Appendix A

Derivation of visibility formula
For any triangle with sidesa, b, andc and where angleA

opposes sidea, a2 ¼ b2 þ c2cosA.

Likewise, for an isosceles triangle where two sides have
length d and � is the angle opposing sidel (Fig. A1),
l2 ¼ 2d2 � 2d2cos�.

Solving this formula for� gives the following:

� ¼ arccos 1 � l2

2d2

� �

To measure visibility for a lizard’s perch, we use a circle
with radius 0.5 m centered on the lizard’s head. We wish to
determine the portion of that circle’s circumference (i.e., the
arc length) that the lizard can see. Because a circle is a 3608
arc, the proportion of the circle blocked by any object with
diameterl and at a distanced from the center of the circle
(and the position of the lizard’s head) is found by the equa-
tion

s ¼ �

360�

After calculatings for each obstructing object within the
circle, all s are summed and subtracted from 1 to give a
measure of the percentage of the circle’s circumference that
the lizard can see from its perch, i.e., its visibility.

d

l

s

Θ

Fig. A1. Isosceles triangle in which two sides have lengthd and the
third has lengthl, and� is the angle opposing sidel. The apex of
the triangle is at the center of the circle, ands is the arc of the cir-
cle defined by angle�.
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