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ABSTRACT.—In June 1999, we examined diet, structural habitat, thermal biology, and relative population
sizes in a community of Anolis lizards at an elevation of approximately 900 m in an agriculturally modified
habitat in the Sierra de Baoruco, Dominican Republic. Anolis bahorucoensis was the most commonly en-
countered species in forest interior and edge habitats. Anolis cybotes was more abundant than A. distichus
in the forest interior, but the latter was more numerous along edges. Anolis coelestinus was rare in both
habitat situations. Structural habitats used by the species was consistent with expectations based on eco-
morphology. Cloacal temperatures of the four species were significantly higher than air or substrate tem-
peratures but varied according to ambient conditions. Temperatures of A. bahorucoensis were significantly
lower than those of the other three species. The four species consumed mostly arthropods, and dietary niche
breadths of all but A. distichus generally supported assumptions that most anoles are dietary generalists. A
disproportionate fraction of the diet of A. distichus consisted of ants. Data generally conform to those of
studies of communities of similar composition at lower and higher elevations, although the rarity of A.
coelestinus at this site and the abundance of A. bahorucoensis along exposed edges was unexpected.

INTRODUCTION

Anoles are important components of
many West Indian vertebrate communities.
Of particular interest to ecologists are
Greater Antillean anoline communities,
which are frequently very diverse. Several
studies have addressed community struc-
ture on Hispaniola (e.g., Rand, 1962; Rand
and Williams, 1969; Jenssen et al., 1987), but
only two other studies (Lenart et al., 1997;
Sifers et al., 2001) focused on a community
in the Sierra de Baoruco.

Although 90 percent of the original for-
ests in the Dominican Republic have been
destroyed as a consequence of human ac-
tivity (Harcourt and Ottenwalder, 1996),
extensive, albeit frequently altered, tracts
remain in the Sierra de Baoruco. Because
species, even congeners, can react quite dif-
ferently to disturbances of natural habitats
(Henderson and Powell, 1999), studies of
communities in variously altered situations
become increasingly timely—particularly

as altered environments become the norm
rather than the exception. Although data
on pristine habitats in the Sierra de Baoruco
are lacking, Lenart et al. (1997) examined
responses of anoles to different degrees of
change at moderate elevation (490-520 m)
and Sifers et al. (2001) focused on an ano-
line community at higher elevation (1050-
1150 m). This study is the first to examine
community structure at an intermediate el-
evation (∼900 m), where anoline lizard di-
versity is potentially the greatest (Schwartz
and Henderson, 1991).

MATERIALS AND METHODS

Field work was conducted from 1-15
June 1999 at a site 18 km south of Cabral in
the Sierra de Baoruco, Provincia de Bara-
hona, República Dominicana. We con-
ducted this study in an area characterized
by Schwartz (1974) as a high mesic decidu-
ous forest somewhat modified by the culti-
vation of coffee, and where native canopy
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trees serve as shade cover for cultivated
plants. Lianes forming dense hanging mats
were present throughout the forest and the
ground was almost completely covered
with leaf litter. The upper canopy was
about 25 m high. The extent of cultivation
has increased substantially since 1974. Dra-
matically altered habitats extend continu-
ously from the study site in all directions.
Forest with a three-tiered canopy (Lenart et
al., 1997) is occasionally simulated by cul-
tivated species (e.g., coffee) replacing na-
tive trees of similar size, but natural forest
has been almost completely eradicated in
the region.

Eight species of anoles are known from
the immediate vicinity of the study site,
Anolis bahorucoensis, A. barahonae, A. bar-
bouri, A. coelestinus, A. cybotes, A. distichus,
A. sheplani, and A. singularis (Schwartz and
Henderson, 1991). Anolis barahonae restricts
its activity primarily to the crowns of
canopy trees and A. barbouri is terrestrial.
Neither was encountered in our surveys,
although both were collected at nearby
sites. We also failed to find A. sheplani and
A. singularis, in spite of considerable effort;
S.B. Hedges (pers. comm.) indicated that
these two species were quite rare in this
area. The ecomorphs (Williams, 1983) of the
remaining four species, all of which were
encountered frequently, are a sun-tolerant
trunk-ground anole (A. cybotes), sun-
tolerant trunk anole (A. distichus), sun-
loving trunk-crown anole (A. coelestinus),
and shade-loving bush anole (A. bahoru-
coensis).

The objectives of this study were to
evaluate niche differences between the four
focal species. Several aspects of each liz-
ard’s natural history were examined: diet,
structural habitat, thermal biology, and
relative population sizes. Also, because of
the importance of edge habitats to anoline
communities of essentially similar compo-
sition at higher elevations (Sifers et al.,
2001), we compared edge and interior plots
of similar composition to determine if dif-
ferences in community composition existed
in these adjacent areas.

We sampled lizard populations using the
methods of Heckel and Roughgarden
(1979). Six plots of 144 m2 were delineated,

three along forest edges and three within
the forest interior. When a lizard was spot-
ted, it was sprayed from a distance of at
least 2 m with acrylic latex paint diluted
with water (1:1). The individual’s species,
sex, perch height, perch diameter, micro-
habitat, and time of day were recorded. If
sex could not be determined, the animal
was caught after the marking period and
an accurate determination was made. A
different color of paint was used each day.
Resultant data were used to estimate pop-
ulation sizes using the methods of Schna-
bel (1938) and Heckel and Roughgarden
(1979).

After the painting period, lizards found
within a two-hour period in the sampling
area were captured by noose or hand. For
each lizard, we recorded cloacal, substrate,
and air (1 m above substrate) temperatures
with a Fluke 50-Series digital thermometer
equipped with K-type thermocouples
(Fluke Corp. Everett, Washington). Speci-
mens were kept on ice before being killed
by lethal injection of T-61 (a veterinary
drug no longer marketed) and preserved in
10 % formalin. Stomachs were later excised
and contents removed for dietary analysis.
Arthropodan prey items were identified to
class, order, or family. Prey in other phyla
were identified to class. Volumes of prey
items were quantified by fluid displace-
ment (Milstead, 1957). Importance values
(Powell et al., 1990; Howard et al., 1999)
were calculated for each type of prey and
used to determine dietary niche overlaps
(MacArthur and Levins, 1967; as modified
by Pianka, 1973) between sexes, between
species, and with other populations of the
same species in the Sierra de Baoruco (the
latter, in effect, serving as indices of simi-
larity). Importance values also were used to
calculate standardized niche breadths
(Levins, 1968; Hurlbert, 1978) for each spe-
cies. Specimens were deposited in the
Bobby Witcher Memorial Collection, Avila
College, Kansas City, Missouri.

We used StatView 5.0 (SAS Institute, Inc.,
Cory, North Carolina) for all statistical
analyses. Means are presented ± 1 SE, ex-
cept population size estimates using the
Heckel and Roughgarden method (1979),
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for which means are presented ± 1 SD. For
all tests, a = 0.05.

RESULTS AND DISCUSSION

Population Sizes.—Estimates of popula-
tion sizes (Table 1) indicate some interest-
ing trends. In both areas, numbers for Ano-
lis coelestinus were too small for population
estimates (only five individuals were en-
countered during the three-day numerat-
ing period). This is in stark contrast to the
abundance of A. coelestinus reported by
Lenart et al. (1997) at a lower elevation and
by Sifers et al. (2001) at a higher elevation.
This discrepancy was consistently evident
throughout the study period.

Shade-loving Anolis bahorucoensis was the
most commonly encountered species in in-
terior and edge habitats. Presumably able
to find suitable conditions in both areas, it
exhibited no preference for either situation.
This bridges observations by Lenart et al.
(1997), who found that numbers of A. baho-
rucoensis at lower elevation decreased in in-
creasingly open sites, and Sifers et al.
(2001), who found the same species at
higher elevations almost exclusively along
edges.

Anolis cybotes was found in much higher
numbers in the interior, where low level
vegetation is sparse, possibly facilitating
prey location on the ground. This observa-
tion is similar to that reported by Lenart et
al. (1997), but contrasts with data of Rand
and Williams (1969) and Sifers et al. (2001),
both of whom stated that A. cybotes fre-
quented the forest edge much more fre-
quently than its interior.

The greater number of Anolis distichus in
edge plots may be related to increased in-
solation. Rand (1962) noted that A. distichus
lived primarily on isolated trees and fence
posts along the edges of forest and trails.
Sifers et al. (2001) found very few A. disti-
chus in a series of higher elevation sites and
suggested that this may be due to a lower
tolerance of this species for cooler condi-
tions.

Structural Habitat.—Perch heights of the
four species (Table 2, Fig. 1) differed sig-
nificantly (Friedman Test, df = 3, x2= 8.6,
P = 0.04). Anolis distichus was found most
frequently on perches 1-2 m above the
ground, A. bahorucoensis on bushes and
vines of low to medium height, and A. cy-
botes on thick tree trunks, small bushes, and
rocks. Our data were consistent with obser-
vations of Rand (1962) and predictions
based on the ecomorphological characteris-
tics (Williams, 1983) of each species.

Perch heights of Anolis cybotes were sig-
nificantly higher in edge than in interior
habitat (Mann-Whitney U, Z = −3.6, P =
0.0003). The presence of thick and visually
impenetrable underbrush along the edge
may cause A. cybotes to perch higher to vi-
sually detect prey in the upper levels of this
low vegetation layer instead of prey on the
ground. No differences for other species
were significant.

Male Anolis bahorucoensis perched signifi-
cantly higher than females (Mann-Whitney
U, Z = −2.7, P = 0.006) (Fig. 2), but differ-
ences between male and female A. cybotes
and A. distichus were not significant. For A.
cybotes, these data agree with observations
by Rand (1962), Fobes et al. (1992), and Gif-
ford et al. (2000, for closely related A. lon-
gitibialis). However, Rand (1962) noted that
male A. distichus were usually closer to the
ground than females.

Overall, perch diameters did not differ
significantly by species (Friedman Test,
df = 3, x2 = 4.50, P = 0.22) (Table 3). How-
ever, pair-wise comparisons indicated that
perch diameters used by Anolis distichus
and A. bahorucoensis (Mann-Whitney U, Z =
−10.4, P = 0.0001) and A. distichus and A.
cybotes (Z = −5.9, P = 0.0001) differed sig-
nificantly. Anolis distichus had the largest
average perch diameter and A. bahorucoen-

TABLE 1. Population size estimates of Anolis species,
using the Heckel and Roughgarden (1979) procedure
(±SD; top line) and the Schnabel (1938) equation (±SE;
second line), in edge and interior forest habitats in the
Sierra de bahoruco. Data were insufficient to make
estimates for A. coelestinus. The dish indicates insuffi-
cient data.

Habitat A. bahorucoensis A. cybotes A. distichus

Forest 69.7 ± 16.2 45.2 ± 27.0 24.5 ± 2.7
interior 71.7 ± 0.005 53.5 ± 0.01 24.4 ± 0.01

Forest 100.7 ± 91.5 — 55.5 ± 5.7
edge 118 ± 0.008 12 ± 0.06 25.4 ± 0.008
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sis the smallest. These data are consistent
with predictions based on ecomorphologi-
cal characteristics (Williams, 1983). Fitch
and Henderson (1987) noted that A. bahoru-
coensis often would escape by “running up
a slender stem and flattening against it with
legs folded” and that this behavior is typi-
cal of species that utilize small perches.

Male Anolis cybotes occupied significantly
thicker perches than females (Mann-
Whitney U, Z = −2.3, P = 0.03). Males may
select more prominent perches to defend a
territory, whereas females’ main concerns
are finding food and reproducing (Scott et

al., 1976). Rand (1962) also suggested that
differences in male and female perches re-
sult from territorial defenses by males. Di-
ameters of perches selected along edge and
interior sites did not differ significantly, ex-
cept for A. cybotes (Z = −2.3, P = 0.02), for
which perch diameters along the edge were
larger. This is probably attributable to the
scarcity of “cybotes-suitable” small diam-
eter perches along the edge (where raspber-
rys and other small shrubs predominated)
compared to the interior where trunks of
numerous coffee and other small diameter
trees were available.

TABLE 2. Perch heights (mm) used by Anolis lizards in the Sierra de Baoruco.

Perch
Height

Anolis
bahorucoensis

Anolis
cybotes

Anolis
coelestinus

Anolis
distichus

All 692.9 ± 61.5 487.2 ± 77.1 1725.0 ± 440.4 1662.0 ± 100.4
N = 92 N = 16 N = 5 N = 85

Interior 632.5 ± 82.7 194.1 ± 68.5 1533.3 ± 895.1 1489.2 ± 198.9
N = 74 N = 7 N = 3 N = 41

Edge 759.2 ± 90.3 713.6 ± 103.6 1916.7 ± 363.2 1605.0 ± 118.2
N = 18 N = 9 N = 2 N = 44

Males 849.6 ± 87.9 615.4 ± 141.0 2250.0 ± 250.0 1796.5 ± 123.2
N = 34 N = 10 N = 4 N = 52

Females 484.3 ± 68.2 507.1 ± 109.7 1250.0 1485.1 ± 176.5
N = 58 N = 6 N = 1 N = 33

FIG. 1. Perch heights (mm) of Anolis lizards in edge and interior (= int) forest habitats in the Sierra de Baoruco
(A. distichus = dist, A. cybotes = cyb, A. bahorucoensis = bah).
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Thermal Biology.—Environmental tem-
peratures (Table 4) did not differ signifi-
cantly between males and females of the
three species for which adequate data ex-
isted. Substrate and air temperatures did

not differ significantly for any species; con-
sequently, we made subsequent compari-
sons solely with substrate temperatures. In
each species, cloacal temperatures were sig-
nificantly higher than substrate tempera-

TABLE 3. Perch diameters (mm) used by Anolis lizards in the Sierra de Baoruco.

Perch
Diameter

Anolis
bahorucoensis

Anolis
cybotes

Anolis
coelestinus

Anolis
distichus

All 51.3 ± 6.6 87.3 ± 17.1 68.4 ± 8.9 282.7 ± 22.6
N = 92 N = 16 N = 4 N = 85

Interior 48.0 ± 6.8 38.6 ± 8.9 101.0 ± 0.0 295.9 ± 62.7
N = 74 N = 7 N = 2 N = 41

Edge 54.5 ± 11.4 103.5 ± 21.6 46.7 ± 17.6 278.0 ± 21.2
N = 18 N = 9 N = 2 N = 44

Males 60.4 ± 10.2 132.7 ± 36.3 61.3 ± 11.6 302.9 ± 29.2
N = 34 N = 10 N = 3 N = 52

Females 35.9 ± 4.9 60.0 ± 17.1 20.0 260.4 ± 37.9
N = 58 N = 6 N = 1 N = 33

TABLE 4. Cloacal, substrate, and air temperatures of Anolis lizards in the Sierra de Baoruco.

Temperature
(°C)

A. bahorucoensis
males

N = 12

A. bahorucoensis
females
N = 8

A. cybotes
males
N = 4

A. cybotes
females
N = 8

A. distichus
males

N = 18

A. distichus
females
N = 11

Cloacal 24.4 ± 0.6 25.3 ± 0.6 25.1 ± 1.2 28.7 ± 1.1 27.1 ± 0.7 26.4 ± 1.1
Substrate 22.1 ± 0.4 22.5 ± 0.5 22.8 ± 5.8 25.2 ± 1.0 23.9 ± 0.5 24.1 ± 0.8
Air 22.1 ± 0.5 22.4 ± 0.5 22.8 ± 0.8 24.8 ± 0.9 23.3 ± 0.5 23.1 ± 0.6

FIG. 2. Perch heights (mm) of male and female Anolis lizards in the Sierra de Baoruco (abbreviations as in Fig. 1).
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TABLE 5. Stomach contents of four Anolis lizards in the Sierra de Baoruco. Data are presented in an a/b/c
format, with “a” representing the total number of food items, “b” the total volume in cm3, and “c” the number
of stomachs in which that item was found. The figure in the second row is the importance value of that item in
the diet (Powell et al., 1990; Howard et al., 1999). Dashes indicate that a particular food item was not found.

Food Items
A. bahorucoensis

N = 20
A. coelestinus

N = 5
A. cybotes

N = 17
A. distichus

N = 29

Arachnida: Araneae 1/0.005/1 — 3/0.123/3 —
0.022 0.09

Arachnida (misc.) 3/0.055/3 — 1/0.003/1 6/0.015/5
0.118 0.015 0.038

Insecta
Colembola — — — 1/0.001/1

0.007
Coleoptera 8/0.023/7 2/0.055/1 5/0.030/5 8/0.065/8

0.144 0.195 0.084 0.064
Coleoptera (immature) 2/0.005/1 1/0.003/1 — 1/0.001/1

0.029 0.055 0.007
Dermaptera — — — 1/0.010/1

0.008
Diptera 4/0.060/2 1/0.001/1 3/0.009/3 2/0.005/1

0.123 0.052 0.047 0.009
Hemiptera 8/0.019/6 — 5/0.045/4 9/0.131/7

0.130 0.082 0.068
Homoptera 1/0.005/1

0.022
— — —

Hymenoptera: Formicidae 9/0.029/4 3/0.003/1 13/0.073/6 158/2.198/20
0.133 0.094 0.159 0.637

Hymenoptera (misc.) 3/0.0113/3 — 1/0.001/1 1/0.003/1
0.061 0.015 0.008

Isoptera 2/0.003/1 — — 2/0.100/1
0.025 0.021

Lepidoptera 4/0.023/4 — 7/0.103/5 —
0.091 0.124

Lepidoptera (immature) 1/0.005/1 1/0.003/1 3/0.080/3 11/0.180/7
0.022 0.055 0.074 0.077

Orthoptera: Blattidae — — 2/0.063/2 1/0.005/1
0.052 0.008

Orthoptera: Gryllidae 1/0.005/1 — 6/0.333/5 1/0.030/1
0.022 0.204 0.011

Orthoptera: Acrididae 1/0.003/1 4/0.023/2 — 1/0.003/1
0.019 0.190 0.007

Diplopoda — — 1/0.015/1
0.02

—

Isopoda — — 1/0.010/1
0.018

—

Unidentified arthropods 1/0.001/1 1/0.003/1 1/0.005/1 4/0.009/4
0.017 0.055 0.016 0.028

Mollusca: Gastropoda 1/0.005/1 — — 1/0.003/1
0.022 0.007

Shed skin — 1/0.050/1 — 1/0.080/1
0.164 0.017

Flowers — 1/0.003/1 — —
0.055

Fruit/seeds — — — 1/0.005/1
0.023

Grit — 2/0.005/1
0.081

— —
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tures (Anolis bahorucoensis, Mann-Whitney
U, Z = −3.5, P = 0.0005; A. cybotes, Z = −4.3,
P < 0.0001; A. distichus, Z = −2.4, P = 0.02).
However, body and substrate temperatures
were significantly correlated (A. bahoru-
coensis, Spearman Rank Correlation, Z =
3.2, P = 0.001; A. cybotes, Z = 2.2, P = 0.03; A.
distichus, Z = 2.7, P = 0.007). Although these
anoles can maintain higher than ambient
temperatures, body temperatures vary ac-
cording to ambient, suggesting an interme-
diate condition between the more active
thermoregulation described by Sifers et al.
(2001) at higher elevation and the notation
by Hertz and Huey (1981) that anoles at
lower elevations are essentially thermal
conformers.

Cloacal and substrate temperatures of
Anolis bahorucoensis were significantly
lower than those of other species (Mann-
Whitney U, Z = −2.7, P = 0.01). This was
consistent with expectations for a shade-
loving bush anole. Cloacal and substrate
temperatures of A. cybotes and A. distichus
did not differ significantly. We had ex-
pected A. distichus to maintain higher body
temperatures, because it is sun-tolerant and
frequently associated with edges, but the
similarity with A. cybotes was somewhat
unexpected, as both species were more
abundant in shaded sites. Possibly because
of its greater mass (and lower surface to
volume ratio), A. cybotes maintains higher
temperatures more effectively than smaller,
more gracile A. distichus.

Diet.—Dietary data (Table 5) indicated
that these four lizard species consume a va-
riety of predominantly arthropodan prey.
Calculated dietary niche breadths for Anolis
bahorucoensis (all, 0.60; males, 0.64; females,
0.71), A. coelestinus (0.73, 0.71, 0.79), and A.
cybotes (0.59, 0.83, 0.61) generally supported
prior assumptions (e.g., Henderson and
Powell, 1999, and references therein) that

most anoles are dietary generalists. Only
for A. distichus does the niche breadth (0.08,
0.12, 0.22) suggest dietary specialization,
specifically on ants. Pianka (1986) stated
that specialization on social insects such as
ants is “economically feasible because they
normally occur in a clumped spatial distri-
bution and hence constitute a concentrated
food supply.” However, the presence in the
diet of 15 other types of prey items sup-
ported the contentions by Cullen and Pow-
ell (1994) that A. distichus is an opportunis-
tic feeder, and the preponderance of ants
may reflect their abundance in the micro-
habitat. Moermond (1979) observed differ-
ences in A. distichus and A. cybotes foraging
behavior, noting that the former forages
primarily on the surface of tree trunks,
where ant trails are common. In contrast, A.
cybotes uses the trunk as a “vantage point”
from which to spy potential prey on the
ground or lower vegetation.

Dietary overlap of males and females
was high in two species (Anolis distichus,
0.98; and A. cybotes, 0.79). The very high
overlap in A. distichus reflects the prepon-
derance of ants in diets of both sexes. The
overlap between sexes in A. bahorucoensis
(0.34) was considerably lower. This might
reflect the significant difference in perch
heights chosen by males and females and
the substantial difference in sizes of the
sexes. Dietary overlap between species
(Table 6) was greater than that between
male and female A. bahorucoensis. Compari-
sons with published data for other montane
populations (Table 7) reveal overlap val-
ues that range from almost complete (A.
distichus, presumably due to the common
preponderance of ants in the diets of all
populations), to high (A. bahorucoensis),
moderate (A. coelestinus), and low and vari-
able (A. cybotes). With the exception of A.
distichus, overlaps tended to be highest
with populations in the most natural habi-
tats (Lenart, 1997), suggesting that popula-
tions in substantially altered habitats must
make adjustments due to prey availability.

Summary.—Our data generally conform
to those of studies done at other low or
mid-elevation sites and predictions based
on ecomorphology. However, generaliza-
tions based on a few studies can be mis-

TABLE 6. Dietary niche overlaps between Anolis liz-
ards in the Sierra de Baoruco.

A.
cybotes

A.
bahorucoensis

A.
distichus

A. bahorucoensis 0.69
A. distichus 0.53 0.57
A. coelestinus 0.37 0.58 0.40

E. E. CAST ET AL.264



leading (e.g., Micco et al., 1997 [1998]). For
example, most anoles are generally as-
sumed to be capable of adapting readily
to many alterations in habitat (Henderson
and Powell, 1999), but even common spe-
cies react differently, depending on circum-
stances (e.g., Lenart et al., 1997; Sifers et
al., 2001; this study). For instance, the rela-
tive abundance of Anolis coelestinus and A.
distichus is quite different in two anoline
communities of similar composition, but
separated by a few kilometers and approxi-
mately 200 m in elevation. If A. distichus is
less tolerant of cooler conditions, as indi-
cated by its strong preference for fully in-
solated edge habitats and its relative rarity
at higher elevation (Sifers et al., 2001), no
indication would have been forthcoming
based on previous studies of other popula-
tions living under different conditions.
Similarly, we found A. bahorucoensis about
equally abundant in forest interior and
edge habitats. This may represent a transi-
tion from its almost exclusive use of cooler
interior habitats at lower and warmer el-
evations (e.g., Fitch and Henderson, 1987;
Lenart et al., 1997) and its equally exclusive
association with insolated edges at higher
and cooler elevations (Sifers et al., 2001).

Forest and other habitats on Hispaniola
will continue to be altered. This will, along
with other effects, establish more edge
habitats, and ongoing changes in commu-
nity structure are inevitable. As more and
more habitats are altered ever more se-
verely, we echo Powell et al. (1996), who
recommended that “investigators working
in the West Indies be encouraged to pursue

studies in these less-than-pristine sites —
while not neglecting efforts in [more natu-
ral] areas, currently (and appropriately) re-
ceiving the bulk of researchers’ attention.”
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