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We studied the ecology of Anolis nitens brasiliensis during late-dry and early-wet season 2005 in a Cerrado habitat

in Tocantins state, Brazil. Most lizards were found on tree trunks or leaf litter in non-flooded igapó forest. Most

were found in shade or filtered sun on both cloudy and sunny days. Body temperatures (Tbs) averaged 30.6OC and

did not vary among microhabitats. Microhabitats exposed to direct sun consistently reached extremely high

temperatures whereas microhabitats in shade or filtered sun provided temperatures throughout the day

allowing lizard activity. Nineteen prey categories were found in lizard stomachs, but the diet was dominated by

spiders, crickets/grasshoppers, ants, and beetles. Although lizards that ate large prey ate fewer prey, no

correlation existed between size or number of prey and lizard body size (SVL). Males were larger in SVL and mass

than females, and males had relatively longer hind limbs than females. Females were variable but larger in body

width. In general, the ecology of Anolis n. brasiliensis is similar to that of its Amazonian relatives, with the

exception that it lives in a more thermally extreme environment and is active at slightly higher Tbs. Ecological

traits of this lizard, particularly its reliance on relatively low Tb for activity, suggest that it might be particularly

vulnerable to local extinction if its habitat is altered. The presence and apparent widespread distribution of A. n.

brasiliensis in the Cerrado provides further evidence that the ‘‘vanishing refuge’’ theory cannot account for

geographical patterns of distribution in the A. nitens complex.

T
HE South American lizard Anolis nitens (formerly A.
chrysolepis; see Ávila-Pires, 1995) received consider-
able attention as a model for the ‘‘vanishing refuge’’

theory proposed by Vanzolini and Williams (1981). Briefly,
this theory proposed that expansion and contraction of the
Amazon rainforest during Pleistocene glaciations isolated
populations of many species, including the widespread
Amazonian anole, Anolis nitens, in mesic areas of present-
day semi-arid (caatinga) habitats, resulting in differentiation
into what is currently recognized as A. n. brasiliensis
(Vanzolini and Williams, 1970). Underlying assumptions
of the theory were that populations in semi-arid regions
were relatively recent relicts and the species could not
persist in relatively dry habitats without divergence. Based
on an analysis of mitochondrial DNA, we now know that
diversification within this species complex occurred mil-
lions of years ago, not thousands as predicted by the
vanishing refuge theory (Glor et al., 2001). Vanzolini and
Williams (1981) and Vanzolini (1981) recognized that A. n.
brasiliensis occurred well into the Cerrado given that the
type series was from Barra do Tapirapé at the junction of the
Tapirapé and Araguaia Rivers in Mato Grosso far to the west
of Caatinga, and the proposed distribution included much
of the Cerrado (Vanzolini and Williams, 1970). Based on
more recent data and unpublished observations, the distri-
bution covers an even larger portion of the Cerrado (Ávila-
Pires, 1995; Colli et al., 2002; Vitt et al., 2002a).

A considerable amount of information is available on the
ecology of the Amazonian rainforest members of the Anolis
nitens complex (Hoogmoed, 1973; Ávila-Pires, 1995; Vitt and
Zani, 1996a; Vitt et al., 2001). Individuals occur primarily on

leaf litter in well-shaded terra-firme forest, maintain rela-
tively low body temperatures when active (27–28uC), and
feed on orthopterans, spiders, roaches, and insect larvae
(Vitt et al., 2001). However, no ecological data exist for
populations in the more xeric Cerrado.

We describe the ecology of A. n. brasiliensis in a Cerrado
habitat and demonstrate that it persists in relatively dry
tropical habitats by restricting activity to shaded areas,
where it maintains relatively low body temperatures. The
presence and apparent widespread distribution of A. n.
brasiliensis in the Cerrado provides further evidence that the
‘‘vanishing refuge’’ theory cannot account for geographical
patterns of distribution in the A. nitens complex. Finally, we
show that most, but not all, aspects of its ecology parallel
those of other species in the A. nitens complex that live in
Amazon rainforest.

MATERIALS AND METHODS

We conducted fieldwork during September–October 2005
at the Parque Estadual do Cantão (09u18933.20S,
49u57927.60W), located just east of the Araguaia River in
western Tocantins state, Caseara Municipality, Brazil. The
area is part of the Cerrado Biome, consisting of open
grasslands with stunted trees and large numbers of termite
nests and a dry and largely deciduous gallery forest along
waterways. Lizards were found by searching their habitat
during the lizard activity period (daylight hours). Anolis n.
brasiliensis was most common in gallery forest, but other
habitats were both searched and trapped for lizards. We
found only two A. n. brasiliensis completely outside of
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forested habitat in typical Cerrado, and both were inside
termite nests and inactive. We collected data on individual
lizards encountered and/or collected in their natural
habitats, their structural and thermal habitat, and contents
of their stomachs (for diet).

For each lizard encountered, we recorded time of day,
whether sunlight was available (sunny versus cloudy),
general habitat (small clearings adjacent to forest, dry forest,
igapó [seasonally flooded] forest), lizard exposure to sun (in
sun, shade, or filtered sun), and lizard microhabitat (branch,
leaf litter, log, root, tree trunk, vine). When lizards were
perched, we estimated height above ground (6 5 cm) and
perch diameter (6 1 cm). Upon first sighting a lizard, we
recorded its external body temperature (Tb–e) and substrate
surface temperature (Tss) using a RaytekH ST-20 Pro hand-
held infrared noncontact thermometer (0.1uC), and air
temperature (Ta) using a KestrelH 3000 Pocket Weather
Meter (Nielsen-Kellerman, Boothwyn, PA) or Miller-Weber
rapid register thermometers to 0.2uC. For lizards that we
hand-captured, we also recorded cloacal (Tb) temperatures
with a Miller-Weber rapid register thermometer (0.2uC).
Because we measured temperatures within 15 seconds of
lizard capture, it is unlikely that handling affected lizard Tb.
Because we often recorded both Tb–e and Tb for lizards, we
used a paired t-test to compare body temperatures resulting
from different techniques. We assumed a priori that Tb–e

would not be an accurate measure of Tb because the
measurement field for the RaytekH infrared thermometer
increases with distance and may include surfaces other than
the lizard. The RaytekH thermometer was still useful for
measuring Tss because we were able to get close enough to
ensure that the measurement field included only the lizard’s
substrate. Although Tb–e and Tb were highly correlated (rs 5

0.93, n 5 21, P , 0.0001), the RaytekH infrared noncontact
thermometer underestimated Tb on average by 0.5uC (paired
t-test, t20 5 22.639, P 5 0.016); thus, Tb–e will not be further
considered. To compare lizards from different habitat
patches with adequate sample size (clearings, dry forest,
igapo forest), we used an ANCOVA with Tb as the dependent
variable, habitat as the class variable, and Tss as the
covariate. Because no interaction existed between habitat
and Tss (F2,40 5 0.17, P 5 0.85), we proceeded with the
interaction term removed. We performed a similar analysis
on Tbs of lizards among microhabitats after removing data
for two microhabitats with n 5 1.

We recorded a series of temperature profiles in microhab-
itats used by A. n. brasiliensis using electronic temperature
recording devices (TidBits, OnSet Computer Corp.). These
microhabitats were leaf litter in full sun, leaf litter in full
shade, leaf litter in filtered sun (under partial or low density
canopy), and low on tree trunks. We consider these to
estimate operative temperatures (Tes) in representative anole
microhabitats; however, they should not be taken to
represent null distributions of temperatures in all micro-
habitats in the area. Many microhabitats are not used by the
lizards (e.g., they do not perch up on rocks or climb above
about a meter on tree trunks). The lack of use of these
microhabitats likely has nothing to do with temperature
because no members of the Anolis nitens complex use these
microhabitats, even in much cooler environments (Ávila-
Pires, 1995; Vitt and Zani, 1996a; Vitt et al., 2001). Thus, the
most relevant TidBit temperatures were those within
microhabitats used by the lizards. We did not validate use
of TidBits in this study because they have already been

shown to be useful as proxies for copper models of small-
bodied lizards (Vitt and Sartorius, 1999; Shine and Kearney,
2001; Vitt et al., 2005). We measured three temperature
replicates in each of the four habitats using TidBits set to
record continuously at 10-minute intervals over a 39-day
period (13 September–21 October), which yielded 16,689
temperatures for each microhabitat (5,563 per replicate).
Because lizards were active from about 0800–1800 h, we
used this time period for statistical analyses of temperatures
in lizard microhabitats, which reduced the data set to
27,876 points. Because sequential data points are not
independent, we randomly selected 20% of these points to
reduce the possibility of pseudoreplication. Thus 5,576 data
points were used for statistical analyses, but all data points
during which lizards were active are included in graphics.
We used an ANOVA to determine the effects of microhab-
itat, hour, and the microhabitat*hour interaction, with
individual TidBits as a nested random effect. Our primary
interests are whether these lizards have Tbs similar to Tes in
the kinds of microhabitats that they use and whether they
position themselves on microhabitat patches that have Tsss
similar to Tes in the kinds of microhabitats that they use
when active.

We collected 101 A. n. brasiliensis for morphological and
diet analyses. Lizards were euthanized in our field laboratory
within 1–2 h after capture, fixed in 10% formalin, and given
unique individual tags. Prior to fixation, we measured SVL,
unregenerated portion of the tail (tail base), and regenerated
portion of tail (if any) to 1 mm with a plastic ruler, and head
width (widest point), head length (from anterior edge of
tympanic opening to snout), head height (at deepest point),
body width and height (mid body), hindleg length from the
insertion to tip of longest toe, and foreleg length from the
insertion to the tip of the longest toe to 0.01 mm with
digital calipers. We weighed lizards to 0.01 g on Acculab
digital balances. We used the Mann–Whitney U-test to test
for sexual dimorphism in SVL and mass. To analyze
morphological data for differences between sexes in mor-
phology (bauplan), we used linear discriminant analysis in
CANOCO 4.5 for Windows (Ter Braak and Smilauer, 2002).
We created a matrix of morphological variables for each
individual lizard with complete (non-broken or non-regen-
erated) tails, a matrix identifying sex, and a vector of SVLs as
the covariate. After log10 transforming all variables, we
chose ‘‘interspecies [in this case sex] differences,’’ ‘‘Hill’s
scaling option,’’ and ‘‘manual selection’’ of variables. This
allowed us to manually include variables to test using Monte
Carlo simulations (9999) until such time that adding
additional variables did not contribute significantly to the
model.

We removed stomachs from lizards within one month of
fixation. Prey were carefully separated, identified to family
when possible, and measured for length and width.
Compressed invertebrate prey in lizard stomachs approach
the shape of a prolate spheroid. We used the formula for a
prolate spheroid to estimate volume of individual prey
items,

V ~
4

3
p

length

2

� �
width

2

� �2

using the program BugRun, a 4th DimensionH-based analysis
that produces dietary summaries, calculates mean prey size
(length, width, and volume) for each lizard, estimates
stomach volume based on total prey volume, and calculates
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niche breadth using the inverse of Simpson’s (1949)
diversity measure (Pianka, 1973, 1986):

b ~
1

Pn
i ~ 1

p2
i

where p is the proportional utilization of each prey type i.
Niche breadth values (b) vary from 1 (exclusive use of a
single prey type) to n (even use of all prey). We log10

transformed all quantitative data to normalize distributions
for further analyses.

Linear regression on log10-transformed variables deter-
mined whether prey size and number of prey eaten varied
with lizard body size. To determine whether prey size or
number of prey eaten differed between sexes, we used an
ANCOVA with SVL as the covariate and sex as the class
variable. A plot of stomach volume versus SVL determined
the relationship between stomach volume and lizard size.
We estimated relative fullness of lizards sampled by
summing volume of all prey for each stomach and
regressing these values on SVL. We also calculated the
percentage of lizards that had prey in the stomachs (Huey et
al., 2001).

Lizards were deposited in the Coleção Herpetológica da
Universidade de Brası́lia (CHUNB) and the Sam Noble
Oklahoma Museum of Natural History (OMNH).

RESULTS

Habitats, microhabitats, activity, and thermal ecology.—
Among 63 active lizards for which field data were recorded,
43 (68.3%) were in igapó forest, 12 (19.0%) were in dry
forest, and 8 (12.7%) were in clearings. Most A. n. brasiliensis
were found on tree trunks or on leaf litter (Fig. 1). When
perched on tree trunks, the head was usually directed down
(Fig. 2). More lizards were found on sunny (38, 60.3%)
rather than cloudy (25, 39.7%) days and were exposed to
filtered sun (29, 46.0%) or shade (28, 44.4%) more so than to
sun (6, 9.5%). More lizards were found active during
morning than afternoon (Fig. 3). Among 30 lizards first
observed above ground, perches averaged 0.40 6 0.05 m in
height (range 0.10–1.0 m) and 22.9 6 3.9 cm in diameter
(range 3–110 cm).

Mean Tb for 46 field-captured anoles averaged 30.6 6

0.4uC, which was significantly higher than associated Tss

(30.2 6 0.4uC, paired t 5 2.117, P 5 0.04) and lower than

associated Ta (31.0 6 0.4uC, paired t 5 22.468, P 5 0.02),
even though Tb was significantly related to both (Tss, R2 5

0.73, F1,44 5 124.6, P , 0.0001, Fig. 4; Ta, R2 5 0.71, F1,43 5

108.1, P , 0.0001) across the narrow range of recorded Tb

(26.5–34.6uC). Lizards in clearings had lower mean Tb (29.4
6 1.1uC) than those in dry forest (30.8 6 0.9uC; P 5 0.037) or
those in igapó forest (30.8 6 0.4uC, P 5 0.008; F2,42 5 4.64, P
5 0.015). However, Tb of lizards in different microhabitats
within these habitats did not vary (F2,40 5 1.94, P 5 0.16).

Microhabitats in which we placed TidBits showed consid-
erable temperature variation (Fig. 5). When days were
pooled (39) and a 20% sampling scheme was used to offset
pseudoreplication, temperatures varied significantly among
microhabitats, hours, and replicates (all P values , 0.0028),
and the microhabitat*hour was significant (Table 1). Based
on a Ryan–Einot–Gabriel–Welsch Multiple range test, mi-
crohabitats in full sun had higher temperatures than others.
The same test identified five overlapping hourly groupings
of microhabitat temperatures with the highest at mid-day
and the lowest in early morning and late afternoon. An
overlay of hourly mean Tb shows that leaf litter in full sun is
the only microhabitat used by these lizards that had
temperatures greatly above lizard Tb during most of the
activity period (Fig. 5). Considering distributions of Tes
during the lizard activity period, most Tes of leaf litter in full
sun fall above hourly means of lizard Tb, Ta, and Tss (Fig. 6).

Diet.—Seventy-five of 101 (74.3%) lizards examined con-
tained a total of 219 prey items in 19 prey categories.
Volumetrically, spiders, crickets/grasshoppers, and ants
dominated the diet. Numerically, ants, spiders, beetles,
and crickets/grasshoppers dominated. Most individual liz-
ards ate a combination of spiders, ants, crickets/grasshop-
pers, and beetles (Table 2). Predominance of a few prey
categories is apparent in values for numerical (5.93) and
volumetric (5.59) niche breadth (a value of 19 would
indicate equal use of all 19 prey categories). Considering
all individual prey items, mean prey length was 9.10 6 0.33
(range 0.80–35.41) mm, mean prey width was 3.28 6 0.11
(range 0.61–11.19) mm, and mean prey volume was 79.70 6

8.65 (range 0.72–1283.72) mm3. However, the prey volume
distribution was highly skewed, and most prey were small,
with a median prey volume of 39.0 mm3. No relationship
existed between lizard SVL and mean prey volume (F1,73 5

0.51, P 5 0.48), number of prey per stomach (F1,73 5 0.71, P
5 0.408), or total prey volume (F1,73 5 1.59, P 5 0.218). The
number of prey in stomachs was negatively associated with
individual mean prey volume (F1,73 5 8.93, P 5 0.0038) and
volume of full stomachs (F1,73 5 7.05, P 5 0.010). No sexual
differences were apparent in mean prey volume (F1,73 5

2.61, P 5 0.080), number of prey (F1,73 5 1.62, P 5 0.21), or
full stomach volume (F1,73 5 1.39, P 5 0.26). Most lizards
appeared to have relatively low total prey volumes (Fig. 7).

Morphology.—Thirty-six female A. n. brasiliensis averaged
65.3 6 1.7 mm SVL and weighed 5.95 6 0.65 g and 63 males
averaged 67.4 6 3.9 mm SVL and weighed 6.48 6 1.15 g.
Sexual differences in SVL and mass were significant (Mann–
Whitney U-tests, Z 5 23.106, P 5 0.002 and Z 5 22.397, P
5 0.017, respectively; Fig. 8). The discriminant analysis of
size-adjusted morphological variables identified only two
variables that contributed significantly to differences be-
tween sexes: hindleg length explained 49.3% of the
variation (F 5 105, P , 0.0001) and body width explained

Fig. 1. Frequency of use of microhabitats used by A. n. brasiliensis
at Cantão.
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Fig. 2. Female A. n. brasiliensis in typical head-down posture on tree trunk at Cantão. Because of high daytime temperatures, these lizards spend
much of the day low on trunks and in shade where environmental temperatures are lowest. [photo by L. J. Vitt].
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5.7% of the variation (F 5 14.2, P 5 0.0007). Thus males had
relatively longer hindlimbs and narrower bodies than
females of equal size. Only 13 of 101 (7.8%) lizards had
broken or regenerated tails.

DISCUSSION

Anolis n. brasiliensis is widespread and occurs in dry and
gallery forest, including igapó, in the Brazilian Cerrado. At
Cantão, it is restricted to forest, but individuals occasionally
were found in small clearings adjacent to forest. Most
individuals were encountered on leaf litter or low on trunks
of trees. Thus, in terms of habitat and microhabitat use, A. n.
brasiliensis is very similar to its close relatives, A. n. nitens, A.
n. scypheus, and A. n. tandai (Ávila-Pires, 1995; Vitt and Zani,
1996a; Vitt et al., 2001) except that it occurs in a drier
region.

With an extended dry season, during which environmen-
tal temperatures (Ta and Tss) frequently exceed 40uC, the
thermal environment at Cantão is considerably more
extreme than Amazon rainforest where other taxa in the
A. nitens complex occur (for distribution maps, see Ávila-
Pires, 1995). Individual A. n. brasiliensis appear to withstand
Cerrado conditions by restricting activity to forest, usually
associated with water (gallery forest), centering activity
during morning when temperatures are less extreme, and
using microhabitats that are not exposed to direct sun.
Regardless of whether it was sunny or cloudy, individuals
were active and few were exposed to full sunlight.

Our data, collected over 39 days of continuous tempera-
ture monitoring in microhabitats used by these lizards,
revealed that Tes vary considerably among microhabitats,
replicates within microhabitats, and hourly, which creates a
highly diverse thermal landscape. Overriding this variation
is the extreme temperature of leaf litter in full sun during
most of the day, offering limited opportunities for these
lizards to effectively thermoregulate. Leaf litter in full shade
and filtered sun and tree trunk microhabitats had temper-
atures during most of the day within the typical range of
lizard Tbs. During morning and late afternoon, Tes are low
enough that some lizards (6 of 63, only one of which was
late afternoon) seek basking sites exposed to sunlight to gain
heat. During most of the day, a limited number of
microhabitats with thermal characteristics that facilitate
maintenance of relatively constant Tbs are available. Tbs of
most individuals were intermediate between Tas and Tsss
likely reflecting the inability of these lizards to retain

thermal inertia because of their small body size. Because
they perch for long periods at the air–substrate interface,
they apparently gain heat from the air and lose heat to the
substrate. This may account for our observation that the few
individuals found in clearings had significantly lower Tbs
than those found in more shaded habitats. These individuals
place themselves at risk of hyperthermy resulting from rapid
change in Tb if exposed to extremes within clearings and
most likely seek out the coolest microhabitats available in
an immediate landscape of extremes. The tight relationship
of Tb to both Ta and Tss, the narrow range of Tbs observed,
consistency of Tbs throughout the day, and small body size
of lizards (i.e., resulting in low thermal inertia), suggest that
microhabitats are chosen at least partially on the basis of
temperature (Figs. 4–6). Although we do not have null
distributions of Tes that take into account relative frequency
of different microhabitats (Christian et al., 2006), leaf litter
is by far the most available microhabitat within the forest
and much of that is exposed to direct sunlight during
portions of the day. If A. n. brasiliensis were randomly
distributed with respect to temperature, we would expect
much larger percentages of lizards in leaf litter in the sun.
Nevertheless, the key finding is that A. n. brasiliensis in a
thermally extreme environment, such as the Cerrado, is
active at only slightly higher Tb (30.2uC) than its close
relatives in the Amazon rainforest (27.3–28.3uC; Vitt et al.,
2001). These Tbs are considerably lower than those of open-
habitat and diurnal tropical lizards in the genera Ameiva
(Vitt and Colli, 1994; Vitt, 1995; Zaluar and Rocha, 2000),
Cnemidophorus (Vitt, 1995; Vitt and Carvalho, 1995),
Mabuya (Vitt, 1995; Rocha and Vrcibradic, 1996), Tropidurus
(Rocha and Bergallo, 1990; Vitt and Carvalho, 1995), and
Liolaemus (Rocha, 1995). Anolis auratus, an open-formation
anole in tropical South America, maintains Tb considerably
higher (33.9uC; Vitt and Carvalho, 1995) as well. Finally,
even the gecko, Gymnodactylus carvalhoi, which lives inside
termite nests at Cantão, maintains higher Tb (31.3uC) while
inside termitaria during the day (Vitt et al., 2007).

All studied populations of Anolis nitens rely to a large
extent on a small set of prey types, primarily spiders,

Fig. 3. Activity cycle of A. n. brasiliensis based on numbers of individuals
observed each hour.

Fig. 4. Relationship between lizard (A. n. brasiliensis) Tbs and Tsss in
three habitats used by individuals. Only Tbs in clearings were different
(lower) independent of differences in Tsss.
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crickets/grasshoppers, ants, and beetles (Table 2; see also
Vitt et al., 2001). A huge diversity of prey types is available
to lizards in most habitats in which A. nitens occurs and
many of these are eaten by syntopic lizard species. For
example, at Cuyabeno in Amazonian Ecuador, where A. n.
scypheus occurs along with 21 lizard species in 7 families, 87
prey types were identified and overlaps among species were
in general low (i.e., each species ate a different set of prey
types; Vitt and Zani, 1996b). Moreover, similarity in diets

among phylogenetically closely related species is not
uncommon (e.g., ants dominate diets of nearly all Phryno-
soma species: Pianka and Parker, 1975; Sherbrooke, 2003)
and rather major shifts in diets have occurred during lizard
evolutionary history, resulting in sets of prey types being
associated with particular lizard clades (Pianka and Vitt,
2003; Vitt and Pianka, 2005). The diet of A. n. brasiliensis
reflects, to a large extent, an evolutionary history within the
A. nitens complex of reliance on a few specific prey

Fig. 5. Hourly variation in Tes for 39 days combined in four microhabitats used by A. n. brasiliensis. Hourly means of Tb of A. n. brasiliensis appear over
each plot for comparison, and hourly sample sizes are indicated above means in the lower panel.

Vitt et al.—Anolis n. brasiliensis in Cerrado 149



categories. Although this may partially result from restric-
tion to microhabitats (leaf litter and shaded tree trunks in
forest) containing those prey categories, other insects
common in these forests (e.g., homopterans, hemipterans,
mantids, insect larvae) were rare or nonexistent in A. n.
brasiliensis diets at Cantão. Amazonian anoles (A. trachy-
derma, Vitt et al., 2002b; A. fuscoauratus, Vitt et al., 2003a;
and A. punctatus and A. transversalis, Vitt et al., 2003b) rely to
a large extent on some, but not all, of the same prey
categories even though they occupy much different habitats
and use different microhabitats. The degree to which niche
conservatism in diets of Anolis lizards exists will require
much additional data.

Some evidence exists to suggest that prey are less available
to these lizards in Cerrado habitats than they might be in
other habitats. Slightly more than 25% of sampled A. n.
brasiliensis had empty stomachs, which is high compared to
most lizards studied. For perspective, Huey et al. (2001)
reported an average of 7.8% empty stomachs among 18
Neotropical iguanid lizard species (‘‘Iguanidae’’ included
Polychrotidae and thus anoles); however, the range was 0–
24% and the sample used by Huey et al. (2001) included
species from even more xeric tropical habitats. Our data on
relative fullness of lizard stomachs also suggests that prey
were in short supply—most had relatively empty stomachs.
Prey eaten by A. n. brasiliensis were relatively small and
neither size nor number of prey was associated with lizard
SVL. Further, we found no indication that larger lizards
tended to contain a greater volume of prey. Apparent
shortage of prey for A. n. brasiliensis likely results from a
combination of factors, including its reliance on visual cues
for detecting prey, restriction to the wooded patches, and
potentially limited time available for foraging due to
thermal constraints. Some lizards in the same area appear
to have no problem acquiring food. For example, frequency
of prey in stomachs of the gecko Gymnodactylus carvalhoi is
high and stomachs are generally fuller (Vitt et al., 2007).
This lizard lives inside of termite nests where prey are
abundant and temperatures are relatively low.

Sexual dimorphism in body size and shape exists, with
males attaining larger SVL and relative hindleg length and
narrower bodies than females. Wider bodies and high
variance in body width in females most likely results from
variation in reproductive condition among females. Size
dimorphism was not evident in A. n. nitens, A. n. scypheus, or
A. n. tandai (Vitt et al., 2001). Because behavioral data do not
exist for any species in the A. nitens complex, we cannot
determine whether sexual dimorphism results from sexual
selection as in many other lizard species (Noble and Bradley,
1933; Trivers, 1976; Censky, 1996) or alternative causes

(Anderson and Vitt, 1990; Olsson et al., 2002). However, the
lack of differences in prey types, numbers, and sizes between
males and females rules out resource partitioning as an
explanation for size dimorphism (Schoener, 1967; Schoener
et al., 1982). Differences in relative body shape occurred in
other A. nitens, but affected different variables (Vitt et al.,
2001). Sexual bauplan differences may result from sexual
differences in performance requirements associated with
carrying eggs in females, social behavior in males, micro-
habitat use, or a combination of these (Bonnet et al., 1998;
Butler and Losos, 2002; Olsson et al., 2002).

Low frequency of lost or regenerated tails (7.8%) suggests
that attacks (by predators or conspecifics) directed to the tail
are uncommon. These lizards typically rely on crypsis, short
distance flight, or a combination of the two for escape. The
role of tails in locomotion remains unstudied for these
lizards, but tails may be less important for locomotion in A.
n. brasiliensis than in lizards that run greater distances to
escape or forage on thin branches where balance is critical
(Ballinger et al., 1979; Ballinger, 1973, respectively). The
importance of tails for social communication remains
unknown for these lizards, but some tail loss could result
from aggressive interactions among individuals (Fox et al.,
1990).

Our results show that A. n. brasiliensis is ecologically
similar to its closest phylogenetic relatives, all of which
occur in much more mesic environments. The presence of
Anolis n. brasiliensis in the Cerrado and its ability to survive
in highly seasonal habitats with extended dry seasons, while
maintaining a set of ecological traits very similar to those of
Amazonian clade members, suggest that isolated popula-
tions in the semi-arid caatinga of northeastern Brazil are
remnants of more widespread Cerrado populations, not
remnants of Amazonian forest populations stranded during
interglacial periods as suggested by Vanzolini and Williams
(1981). Ecological reasons are insufficient to explain isola-
tion in mesic forest patches in caatinga and consequent
evolutionary divergence of A. nitens as suggested by

Fig. 6. Distributions of Tes during activity periods of A. n. brasiliensis with
means for lizard Tb, Ta, and Tss as vertical lines intersecting
microhabitat graphics.

Table 1. ANOVA Testing for Te Differences among Microhabitats, Hours,

and Replicates (Three Each per Microhabitat) for 39 Days of Pooled

Data. A randomly selected subset (20% of original measurements) of data

was used to minimize effects of pseudoreplication.

Variable DF SS MS F value P value

Microhabitat 2 25294 12647 66.2 ,0.0001
Hour 9 48325 5369 29.1 ,0.0001
Microhabitat*Hour 18 8980 498.9 2.6 0.0028
Replicate

(Microhabitat*Hour)
60 12184 203.1 5.4 ,0.0001
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Vanzolini and Williams (1970, 1981). Our results add
support to the notion that the geographic and ecological
history of lizards in the A. nitens species group is much more
complex than previously thought and cannot be explained
by the ‘‘vanishing refuge’’ theory. Beyond these biogeo-
graphic implications, our results have conservation applica-
tions as well. Dependence of these lizards on forested
habitats where cool microhabitats are available suggests
that loss of these habitats will be detrimental to populations
of A. n. brasiliensis. Not only can they be expected to
disappear with the forest, they no doubt have already
disappeared from many areas in the Cerrado where forest no
longer exists.

MATERIAL EXAMINED

Anolis nitens brasiliensis. Brazil: Tocantins, Parque Estadual
do Cantão, dry forests associated with the Rio do Cocos,
CHUNB 44984–45008, OMNH 42420–42469.

ACKNOWLEDGMENTS

We thank the Brazilian Government, particularly Conselho
Nacional de Desenvolvimento Cientı́fico e Tecnológico–
CNPq (Portaria MCT no. 649, de 23/12/2004), Instituto
Brasileiro do Meio Ambiente e dos Recursos Naturais
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Fig. 8. Body size (SVL) distributions for male and female A. n. brasiliensis.
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log-transformed to illustrate that most stomachs were not nearly full.
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