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Abstract

Lizard richness, composition and local distribution were studied in a 6000 ha preserved tract of Cerrado in central Brazil.
Recorded richness, with 17 species in seven families, is higher than most presented for Cerrado localities. The lizard
assemblage is significantly structured in terms of local distribution, being dominated by species with strict and predictable
habitat requirements, following the mosaic of available habitats. A large portion of the species recorded is exclusive to open,
interfluvial habitats. Faunal overlap between gallery forests and open habitats was extremely restricted. Previous
interpretations describing the Cerrado lizard fauna as depauperate and similar to the fauna of other open Neotropical
domains were not corroborated. Instead, our results corroborate recent interpretations pointing out horizontal stratification
and habitat patchyness as strong factors influencing the rich, complex and characteristic Cerrado lizard fauna.

Resumo

A riqueza, composi¢do faunistica e distribuicdo local de lagartos foram estudadas em fragmento de 6000 ha no Cerrado do
Brasil central. Os valores de riqueza obtidos, com 17 espécies simpatricas em sete familias, superam a maior parte dos
obtidos em estudos prévios em localidades de Cerrado. A fauna local de lagartos esta distribuida em mosaico, sendo
composta por espécies com requerimentos estritos e previsiveis quanto ao tipo de ambiente, acompanhando manchas de
habitats disponiveis. O intercimbio de fauna entre matas de galeria e areas abertas foi muito reduzido. Interpretagdes
anteriores descrevendo a fauna de lagartos do Cerrado como depauperada e similar a fauna de outros dominios abertos do
continente nio foram corroboradas. Ao contrario, nossos resultados corroboram interpretagdes recentes que apontam a
estratificagdo horizontal e a distribui¢do em mosaico dos habitats como importantes fatores de estruturagdo das ricas,
complexas e caracteristicas comunidades de lagartos do Cerrado.
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central Brazilian savannas are still poorly documen-

Introduction ted (Vanzolini, 1988; Nogueira 2001; Colli et al.

The Cerrado is the second largest Neotropical
morphoclimatic domain (Ab’Saber 1977), having
recently been recognized as one of the 25 global
biodiversity hotspots (Myers et al. 2000). However,
in spite of its extension, its status as a priority target
for biological inventories and conservation and the
rapid pace of destruction of its original habitats
(Ratter et al. 1997; Silva & Bates 2002), the Cerrado
is one of the zoologically least studied Neotropical
regions (Colli et al. 2002; Silva & Bates 2002). Thus,
species richness, taxonomic composition and local
and geographic distribution of the lizard fauna of

2002). The Cerrado lizard fauna has been described
as depauperate and poor in endemics (Vitt 1991; Vitt
& Caldwell 1993), being similar to the fauna of the
semi-arid Caatinga of northeastern Brazil, both
dominated by habitat-generalist species (Vanzolini
1976, 1988). However, more extensive surveys are
showing that central Brazilian lizard fauna is far from
depauperate, presenting higher levels of species
richness and endemism than previously detected
(Colli et al. 2002).

According to Colli et al. (2002), one of the main
factors influencing high local and regional diversity in
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the Cerrado herpetofauna is horizontal habitat
stratification, with a wide range of different vegetation
types (from forests to open grasslands) occurring side
by side in the landscape, each harboring a different set
of species. However, possible effects of local habitat
patchyness on the structure of Cerrado lizard assem-
blages are still largely unstudied. Moreover, the study
of habitat specialization is fundamental to the
formulation and testing of hypotheses on speciation
scenarios (Vanzolini 1988), evolution of morpholo-
gical traits such as the relation of limb and tail size to
substrate use (Losos et al. 1998; Kohlsdorf et al.
2001) and community evolution (Losos et al. 1998).
Finally, such natural history information is also
fundamental for the development of conservation
strategies (Brooks et al. 1992; Greene 1994; Silva &
Bates 2002).

Herein, we present the results of a survey of the
lizard fauna of a tract of undisturbed Cerrado in the
Brasilia region, central Brazil. The aim of this study
was to determine the effects of habitat variation on
lizard species richness, composition and community
structure within this Cerrado tract.

Materials and methods
Study area

The study was conducted in Area Alfa Cerrado
Reserve (AACR , 16°00'S; 47°57'W, 1050-1150 m
elevation, 6000 ha), a Brazilian Navy training area,
30 km south of Brasilia, DF. It is located on the
Brasilia plateau, a tableland over quartzitic rocks of
Precambrian age (RADAM 1982) that is part of the
Central Brazilian shield in the core of the Cerrado
(Ab’Saber 1977; IBGE 1993). Predominant soil
types in the study site are acidic, aluminum-rich
red latosols. The climate is type Cwbl in the Képpen
classification (RADAM 1982). The relief is domi-
nated by gently-sloping plateaus (1100—1150 m),
slightly tilted towards central lower areas along the
main local drainage, the Saia Velha river. This first-
order tributary of the Parana river system runs north
to south and divides the study area into eastern and
western halves. Interfluvial savannas dominate the
landscape in the study area. For an updated overview
of Cerrado vegetation see Oliveira-Filho and Ratter
(2002).

Sampled habitats

The three main habitat types in the Cerrado domain
were sampled in AACR: cerrado grassland (campo
sujo and campo cerrado), typical cerrado (cerrado
sensu-stricto) and gallery forest. Two sampling units
were selected for each of the first two habitat types,
one on each side of Saia Velha river. This was not

possible for gallery forest because the eastern bank of
the river was seasonally flooded. Therefore, both
sampling units were located on the western side.
Distance between sampling units ranged from 150
(gallery forest) to ~ 2000 m (typical cerrado).

Typical cerrado (CEE and CEW sampling units)
has semi-open vegetation with three well-defined
layers. The arboreal layer is formed by stunted,
contorted, barky trees (with abundant Caryocar
brasiliensis, Prerodon emarginatus and Vochysia thyrsoi-
dea), with a semi-closed canopy of up to 6 m. The
second layer consists of scattered shrubs and
caulescent palms of up to 1 m. The lower layer,
denser in gaps left by the arboreal stratum, is formed
by clumps of grasses and low (0.5 m) herbs. Arboreal
nests and terrestrial mounds of termites and leaf-
cutter ants (Arta spp.) are common, and cavities and
burrows are present in the ground. The soil is formed
by deep, well-drained, clay-rich, red latosols.

Cerrado grasslands (CGE and CGW) have a
sparse arboreal stratum and dense grassy cover,
dominated by Echinolaena inflexa. Cerrado grass-
lands in AACR are found surrounding riparian
habitats (veredas, wet grasslands, and gallery for-
ests). The grassy/herbaceous layer is dense and well-
developed. Terrestrial termite mounds and ground
burrows are common, as well as leaf-cutter ant (Aiza
spp.) nests. Deep clay-rich red latosols are the
dominant soil type.

Gallery forests (GFW1-2) form a belt along the
drainage. In the study area the width of the gallery
forest is ~ 100 m, with sampling units located at
least 15 m from the forest edge. These forests
include large trees (Copaifera langsdorfii, Hymenaea
courbaril), forming a closed canopy of 15—25 m. The
understory is clear, with scattered herbs, ferns, low
vines and plantlets. Fallen twigs and logs are
abundant. The predominant soil type is dark, humic
soil, rich in organic matter and covered by leaf litter.

Sampling method

We sampled lizards with pit-fall traps with drift
fences (PTDF, Gibbons & Semlitsch 1981; Green-
berg et al. 1994) complemented by active searches
around PTDF sampling units. We installed a total of
120 pit-fall traps in the six sampling units. In each
sampling unit five arrays of four 35 | buckets were
installed. Buckets were buried in the ground and
connected by a 5 m long x 0.5 m high plastic drift-
fence (see Gainsbury & Colli 2003). Arrays were
placed 15 m apart from each other, along linear
transects through homogeneous, undisturbed habitat
patches. These traps operated and were checked
daily for 259 non-consecutive days, divided into six
field trips: 20 October—25 November 1999; 2027
May 2000; 16—23 July 2000; 6 December 2000—-7



January 2001; 23 May—2 September 2001 and 26
January—8 February 2002. Total sampling effort was
31080 bucket-days, 10360 per habitat type and
5180 per sampling unit. After the end of each field
trip, all traps were closed with plastic lids until the
next sampling period.

Most lizards were collected and deposited at
Colegdo Herpetoldgica da Universidade de Brasilia
(CHUNB) and Museu de Zoologia da Universidade
de Sio Paulo (MZUSP). After a series of specimens
was collected, individuals of abundant species were
marked by clipping off the tip of the outermost
finger of the right hand, and released at the capture
site. Recaptured lizards were not included in the
analyses.

Data analyses

Due to the heterogeneous nature of Cerrado land-
scapes, lizard richness was studied in two main
spatial scales: biotope scale and landscape scale, or
local species richness. To estimate local species
richness, evaluate sampling results and allow future
comparisons among sites (Soberon & Llorente 1993;
Gotelli & Colwell 2001), a species accumulation
curve based on number of individuals (Gotelli &
Colwell 2001) for the total sampling effort (259 field
days, each including 120 buckets plus 0.5 p/h of
manual searches; 1000 randomizations of sampling
order) was produced using EstimateS 5.0.1 (Colwell
1997). The accuracy of richness estimators was
evaluated through comparisons with the known
lizard richness for the Brasilia region (Colli et al.
2002; CHUNB and MZUSP collections).

Capture rates in PTDF between wet and dry
seasons were compared using a chi-square test.
Capture rates between ambush versus active foraging
lizards and arboreal/semi-arboreal versus terrestrial/
fossorial lizards (according to data in Colli et al. 2002,
except for Mabuya frenata and M. migropunctata, here
considered as semi-arboreal) were compared using a
Mann — Whitney U-test. All statistical analyses were
performed using Statistica 6.1 (StatSoft 2003), with
significance levels set at o= 0.05.

A cluster analysis of the results in each PTDF
sampling unit was performed to compare species
composition and abundance in different habitats,
using UPGMA as the grouping algorithm and
modified Morisita—Horn index as a measure of
similarity (see Magurran 1988), using MVSP 3.1
(Kovach 2000). Null model analysis was used to test
for non-random patterns of co-occurrence among
the lizard species in the six sampling units, using C-
score index, 5.000 iterations, fixed sum constraint in
row and columns, in the Co-occurrence module of
EcoSim (Gotelli & Entsminger 2001; see similar
analyses in Gainsbury & Colli 2003, comparing
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natural Cerrado isolates in southwestern Amazonia).
A multivariate analysis of variance (MANOVA) was
performed to test for statistical differences in lizard
abundance among different habitat types. A stepwise
discriminant analysis of the results in each PTDF
array was performed to detect lizard species sig-
nificantly (¢=0.15, Tabachnick & Fidell 2001)
associated with specific habitat types, with discrimi-
nant canonical functions obtained using the PROC
DISCRIM procedure of SAS (SAS Institute Inc.
1988).

Phylogenetic relations and taxonomic comments

Lizard families were defined according to Estes et al.
(1988), with the classification of Iguania following
Frost et al. (2001). Ophiodes sp. is an undescribed
species widespread in the Cerrado, largely sympatric
with O. striatus, according to the revision in Borges-
Martins (1998). Enyalius aff. bilineatus is an unde-
scribed species related to E. bilineatus. The
composition of the genus Cercosaura follows recent
results in Doan (2003).

Results
Richness and faunal composition

We captured a total of 232 lizard specimens; 223 in
PTDF plus nine during active searches. Voucher
specimens collected during the study are listed in
Appendix 1. Seventeen lizard species in seven
families were recorded (Table I). The species
accumulation curve (Figure 1) is past the inflexion
point after 80—100 individuals. However, a clear
asymptote was not observed, as some rare species
were still being recorded close to the end of the
sampling period. Most accurate non-parametric local
richness estimator, based on comparisons with
known richness values for the Brasilia region, was
first-order Jacknife (23 + 2 lizards).

No statistical differences (Mann—Whitney U-test;
n=16; U=13; p=0.18) were found in capture rates
between ambush (Iguania in the studied assemblage)
and active foragers (all Scleroglossa). Also no
statistical differences were found in capture rates
between arboreal/semi-arboreal (Anolis meridionalis,
Enyalius aff. bilinearus, Tropidurus spp., Mabuya
frenata, M. migropunctata) and terrestrial/fossorial
lizards (all remaining species; Mann—Whitney U-
test; n=16; U=25; p=0.81; microhabitat data
modified from Colli et al. 2002, see methods).
Capture rates did not differ between wet and dry
seasons (Mann—Whitney U-test; n=12; U=16;
p=0.74).

Dominant species were, in order of abundance,
Cercosaura ocellata, Micrablepharus atricolus, Anolis
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Table I. Number of lizards collected in pit-fall traps in each sampling unit and habitat type. (M) Collected manually. This single specimen of
Polychrus acutirostris was resting by day on a twig on a bush in cerrado grassland west.

Cerrado Grassland

Typical Cerrado Gallery Forest

Taxon n East West East West Westl West2
IGUANIA

Polychrotidae

Anolis meridionalis Boettger, 1885 30 10 12 5 3 - -
Polychrus acutirostris Spix, 1825 (M) 1 - 1 - - - -
Leiosauridae

Enyalius aff. bilineatus 27 - - - - 10 17
Tropiduridae

Tropidurus itambere Rodrigues, 1987 20 - 1 11 8 - -
Tropidurus torquatus Wied-Neuwied, 1825 4 - - - - 1 3
SCLEROGLOSSA

Anguidae

Ophiodes sp. 2 1 - 1 -

Ophiodes striatus Spix, 1824 2 1 - - -

Scincidae

Mabuya dorsivittata Cope, 1862 27 10 12 2 - 2 1
Mabuya frenata Cope, 1862 1 - - 1 - - -
Mabuya nigropunctata (Spix, 1825) 1 - - - 1
Teiidae

Amerva ameiva (Linnaeus, 1758) 7 - 2 1 4 - -
Tupinambis duseni Laceépéde, 1788 1 - 1 - - - -
Gymnophthalmidae

Bachia bresslaui (Amaral, 1935) 4 - 3 1 - - -
Cercosaura ocellata Wagler, 1830 47 11 12 20 4 - -
Cercosaura schreibersii albostrigata (Griffin, 1 - - - - -
1917)

Colobosaura modesta (Reinhardt & Liitken, 6 - - - - 3 3
1862)

Micrablepharus atticolus Rodrigues, 1996 43 5 6 14 18 - -
Total 224 39 50 56 38 16 25

meridionalis, Mabuya dorsivittata, Enyalius aff. bili-
neatus and Tropidurus itambere. The dominant
lineage, both in abundance and richness, was
Gymnophthalmidae, with five sympatric species,
two of which are the most frequently captured
(Table I). Gekkonids were absent from our sam-
plings, as well as teiids of the Cnemidophorus ocellifer
species complex, common in other Cerrado localities
(personal obs.). Of all species recorded, only Poly-
chrus acutirostris was not obtained in pit-fall traps
(Table I), but captured manually.

Local distribution

A non-random, structured pattern of habitat use was
detected, with an observed C-score index signifi-
cantly higher than the mean value obtained in 5000
simulated communities (observed: 1.80; mean of
simulations: 1.54; p < 0.001).

Richness values were highest in cerrado grass-
lands, followed by typical cerrado and then by gallery
forests (Table I). Most lizard species showed
remarkable abundance differences among habitat
patches (Table I). Anolis meridionalis, Tropidurus
itambere, Ameiva ameiva, Bachia bresslaui, Cercosaura

ocellata and Micrablepharus atticolus were only cap-
tured in open interfluvial habitats. Of these,
Tropidurus itambere and Micrablepharus atticolus were
more abundant in arboreal, typical cerrado, whereas
Anolis meridionalis was more abundant in open
grasslands (Table I). Three species, Enyalius aff.
bilineatus, Tropidurus torquatus and Colobosaura mod-
esta, were captured in the gallery forest only. Mabuya
dorsivittata (Scleroglossa: Scincidae) was the only
lizard found both in open and forested habitats,
being however much more common in open
habitats. Thus, faunal overlap between forest and
open habitats was extremely restricted.

A cluster analysis comparing PTDF results in all
six sampling units revealed that similar habitat
patches harbor similar lizard assemblages (Figure
2). Thus, although adjacent and structurally similar,
interfluvial savannas (cerrado grasslands and typical
cerrado) differ in lizard composition and abundance,
but form a coherent group of open areas, distin-
guished from gallery forests. Moreover, relatively
distant interfluvial sites on both sides of the main
drainage have similar habitat structure and similar
lizard faunas. Thus, the lizard assemblage is com-
prised of habitat specialists following the mosaic of
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Figure 1. Species accumulation curve based on 1000 randomiza-
tions of sampling order of 223 lizards captured in 259 days of field
work (pit-fall traps + active searches). Solid dots = mean simulated
richness (17) + sd. Crosses =estimated richness (23 + 2); first-
order Jacknife estimator + sd. Dotted line = Lizard richness for the
Brasilia region.
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Figure 2. Dendrogram of similarity based on the abundance of
lizards in pit-fall traps in each sampling unit. gf, gallery forest; ce,

typical cerrado; cg, cerrado grasslands; e, east of the Saia Velha
river; w, west of the Saia Velha river.

available habitat types (grasslands; typical cerrado;
gallery forest).

Lizard abundance was significantly different
among habitat types (MANOVA; Wilk’s Lamb-
da=0.07; p<0.001). A stepwise discriminant
analysis detected Tropidurus itambere, Enyalius aff.
bilineatus, Micrablepharus articolus and Mabuya dorsi-
vittata as the four species most strongly associated
with specific habitat types, in order of decreasing
association (Table II). These four species were
entered into a canonical discriminant function. The
first two canonical variables explained 100% of
variation in lizard abundance among the three
habitat types (Table III). The first canonical
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Table II. Lizard species selected as best predictors of habitat type,
according to stepwise discriminant analysis on lizard abundance in
three habitat types sampled with pit-fall traps in Area Alfa Cerrado
Reserve, central Brazil.

Species Step F P
Tropidurus itambere 1 28.21 < 0.001
Enyalius aff. bilineatus 2 21.29 < 0.001
Micrablepharus atticolus 3 4.27 0.03
Mabuya dorsivittata 4 2.90 0.07

Table III. Eigenvalues, percentage of explained variation, coeffi-
cient of determination, significance and raw coefficients of the first
two canonical variables of discriminant function, based on lizard
abundance in different habitat types in Area Alfa Cerrado Reserve,
central Brazil.

Canonical Canonical
Species coefficient 1  coefficient 2
Eigenvalue 4.56 1.62
Cumulative explained variation 0.74 1.00
R? 0.82 0.61
F 16.18 12.94
P < 0.0001 < 0.0001
Enyalius aff. bilineatus 0.58 0.66
Mabuya dorsivittata —0.03 — 0.46
Micrablepharus atticolus —0.53 — 0.06
Tropidurus itambere —0.90 0.90

discriminant variable (eigenvalue 4.56) explained
74% of variation, describing an abundance gradient
between gallery forest-dwelling Enyalius aff. bilineatus
(positive coefficient) and remaining species (negative
coefficients, Table III), all from interfluvial open
areas, and showed highest positive means of scores in
gallery forest and lowest, negative means of scores in
typical cerrado (Table IV). The second canonical
discriminant variable (eigenvalue 1.62) explained
26% of variation, describing an abundance gradient
between grassland-dwelling Mabuya dorsivittata and
Micrablepharus atticolus (negative coefficient) and
Enyalius aff. bilineatus and Tropidurus itambere,
(positive coefficient, Table III) from forested or
arboreal habitats, with highest, positive means of
scores in gallery forest; intermediate, positive means
of scores in typical cerrado; and lowest, negative
means of scores in cerrado grasslands (Table IV).

Discussion

The lizard assemblage at the study site is comprised of
species with strict and predictable habitat require-
ments. Some species were selective even between
adjacent interfluvial savannas, such as typical cerrado
and cerrado grasslands, which had marked differences
in lizard abundance. These findings contrast with
descriptions of the Cerrado lizard fauna provided by
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Table IV. Means of scores according to the two canonical variables
of discriminant function on lizard abundance in pitfall traps in
each of the three habitat types in Area Alfa Cerrado Reserve,
central Brazil.

Canonical variable Canonical variable

Habitat type 1 2

Cerrado grassland 0.26 — 1.65
Typical Cerrado —2.49 0.73
Gallery forest 2.48 1.01

Vanzolini (1976, 1988), describing Cerrado lizards as
generalist species in terms of habitat use.

The effects of spatial heterogeneity in lizard local
distribution have been documented in other con-
tinental open areas (Pianka 1966, 1967, 1969). In
other open and heterogeneous landscapes, such as
the Great Victoria desert, fire history is pointed as a
determinant of habitat mosaics and lizard diversity
(Pianka 1996). However, the effects of fire in lizard
communities in the Cerrado remain largely unstudied
(Araujo et al. 1996). Cerrado natural fire regimes may
be interpreted either as a causative agent of local
habitat distribution or a result of historical and
structural differences among habitats (Cole 1986),
reflecting differences in fire resistance and tolerance
among vegetation types (Ramos-Neto & Pivello
2000; see discussions in Silva & Bates 2002).

The observed pattern of habitat segregation, with
different species in different habitat patches, corro-
borates descriptions provided in Colli et al. (2002),
stating that horizontal stratification is one of the main
determinants of species richness and distribution of
the Cerrado herpetofauna. A recent study of the
lizard fauna of Cerrado enclaves in southwestern
Amazonia showed that several species are tightly
associated with unique ecogeographic features of the
landscape, such as grasslands, sandy soils, rock
outcrops (Gainsbury & Colli 2003). We interpret
the patchy distribution of Cerrado lizard species and
the fidelity to specific habitats and microhabitats as
the result of accumulated historical, intrinsic differ-
ences among lineages in the area (see Cadle &
Greene 1993; Vitt et al. 1999, 2003), although
alternative hypotheses linked to competitive exclu-
sion, prey abundances, and predation pressure may
also be evoked (see review of lizard community
evolution in Pianka & Vitt 2003).

The complex nature of the local faunal distribu-
tion may in part be responsible for the difficulties
in observing or estimating species richness in short
to medium-term studies. Not surprisingly, rare
lizard species may still be recorded after exhaustive
sampling efforts in highly heterogeneous sites (see
results for Western Australia in Thompson et al.,
2003). Despite the limitations of both observed

richness (Brose et al. 2003; Gotelli & Colwell
2001) and species accumulation curves (see
Thompson & Withers 2003; Thompson et al.
2003), our observed and estimated richness values
were higher than most previously available for
Cerrado localities (Vanzolini 1976; Vitt 1991; Vitt
& Caldwell 1993; Gainsbury & Colli 2003; but see
Colli et al. 2002).

Due to the heterogeneous nature of the local
habitats, some of the 26 lizard species recorded in the
Brasilia region (Colli et al. 2002; Nogueira 2001) may
be absent from AACR, because of the absence of
suitable habitats. However, others that are highly
probable to occur there include the gallery forest-
dwelling Anolis chrysolepis brasiliensis and open habitat
lizards Mabuya guaporicola, Kentropyx paulensis and
Tupinambis merianae, all present in conservation units
of the Cerrado Biosphere Reserve (Phase 1, UN-
ESCO 2000) adjacent to the study site (CHUNB and
MZUSP collection data; Araujo et al. 1996).

We agree with recent results and interpretations
describing Cerrado lizard assemblages as rich faunas,
containing 14 —26 species in up to 10 families, being
similar to Amazonian assemblages in terms of local
diversity (Colli et al. 2002), including different
habitat types. However, comparisons between lizard
faunal lists, within and outside the Cerrado (see Vitt
1991), may lead to mistaken conclusions due to
important differences in sampling effort, area, habitat
composition and lizard community attributes
(Thompson et al. 2003).

One of the key concerns for lizard diversity studies
in the Cerrado is to properly assess both biotope
(homogeneous habitat) and local (heterogeneous
landscape) species richness patterns. However, most
previous descriptions of Cerrado lizard richness and
faunal composition were based on limited ecological
and distributional data, providing inadequate esti-
mates (Colli et al. 2002) of diversity in this large,
poorly studied, ancient (Ratter et al. 1997) and
highly threatened Neotropical region (Ratter et al.
1997; Silva & Bates 2002). Further studies in
different Cerrado localities, using comparable sam-
pling methods, should provide information on
whether the highly predictable local distributional
patterns observed at AACR remain valid for different
Cerrado regions, containing other species pools,
different habitat compositions and subject to differ-
ent evolutionary histories.

Acknowledgments

We thank Guarino R. Colli (CHUNB) and Hussam
E. D. Zaher (MZUSP) for access to specimens
under their care. IBAMA allowed the collection of
specimens. The Brazilian Navy kindly allowed access



to the study site. We also acknowledge their effort in
keeping Area Alfa well preserved for over 40 years,
despite the accumulating pressure due to the growth
of urban areas around Brasilia. Guarino R. Colli,
Miguel T. Rodrigues, Ricardo ]J. Sawaya, Anne
Zillikens, William E. Magnusson and Laurie Vitt
read and significantly improved earlier drafts of the
manuscript. Ana Paula Carmignotto gave valuable
help in the field. This work is part of the project
Répteis Squamata do Cerrado: Diversidade e Con-
servacdo, funded by Conservation International -
Brazil. FAPESP provided fellowships to the senior
author.

References

Ab’Saber AN. 1977. Os dominios morfoclimaticos da América do
Sul: primeira aproximagdo. Geomorfologia 52:1—22.

Araujo AFB, Costa EMM, Oliveira RF, Ferrari K, Simori MF,
Pires ORJ. 1996. Efeitos de queimadas na fauna de lagartos do
Distrito Federal. In: Miranda HS, Saito CH, Dias BFS, editors.
Impactos de Queimadas em Areas de Cerrado e Restinga,
Brasilia: Edunb. pp. 148-160.

Borges-Martins M. 1998. Revisdo taxonOmica e sistematica
filogenética do género Ophiodes Wagler, 1828 (Sauria, Angu-
idae, Diploglossinae). PhD dissertation, Pontificia
Universidade Catdlica do Rio Gande do Sul, Porto Alegre:

Brooks DR, Mayden RL, McLennan DA. 1992. Phylogeny and
biodiversity: conserving our evolutionary legacy. Trends in
Ecology and Evolution 7:55-59.

Brose U, Martinez MD, Williams R]. 2003. Estimating species
richness: sensitivity to sample coverage and insensitivity to
spatial patterns. Ecology 84:2364—2377.

Cadle JE, Greene HW. 1993. Phylogenetic patterns, biogeography
and ecological structure of Neotropical snake assemblages. In:
Ricklefs RE, Schluter D, editors. Species diversity in ecological
communities. Chicago: University of Chicago Press. pp. 281 —
293.

Cole MM. 1986. The Savannas: Biogeography and Geobotany.
London: Academic Press,

Colli GR, Bastos RP, Araujo AFB. 2002. The character and
dynamics of the Cerrado Herpetofauna. In: Oliveira PS,
Marquis RJ, editors. The Cerrados of Brazil: ecology and
natural history of a neotropical savanna, New York: Columbia
University Press. pp. 223 —241.

Colwell RK. 1997. EstimateS: Statistical estimation of species
richness and shared species from samples. Version 5 (online).
Available: http://viceroy.eeb.uconn.edu/estimates.

Doan TM. 2003. A new phylogenetic classification for the
Gymnophthalmid genera Cercosaura, Pantodactylus and Priono-
dactylus (Reptilia: Squamata). Zoological Journal of the
Linnean Society 137:101-115.

Estes R, de Queiroz K, Gauthier J. 1988. Phylogenetic relation-
ships within Squamata. In: Estes R, Pregill G, editors.
Phylogenetic relationships of the lizard families. Essays com-
memorating Charles L. Camp, Stanford: California, Stanford
University Press. pp. 119-281.

Frost DR, Etheridge R, Janies D, Titus TA. 2001. Total evidence,
sequence alignment, evolution of polychrotid lizards, and a
reclassification of the Iguania (Squamata: Iguania). American
Museum Novitates 3343:1—38.

Gainsbury AM, Colli GR. 2003. Lizard assemblages from natural
Cerrado enclaves in southwestern Amazonia: The role of
stochastic extinctions and isolation. Biotropica 35:503-519.

Lizard diversity in a Cerrado landscape 111

Gibbons JW, Semlitsch RD. 1981. Terrestrial drift fences with
pitfall traps: An effective technique for quantitative sampling of
animal populations. Brimleyana 7: 1-16.

Gotelli N, Colwell RK. 2001. Quantifying biodiversity: procedures
and pitfalls in the measurement and comparison of species
richness. Ecology Letters 2001:379—-391.

Gotelli NJ, Entsminger GL. 2001. EcoSim: Null models software
for ecology (online). Available at: http://homepages.together.-
net/gentsmin/ecosim.htm.

Greenberg CH, Neary DG, Harris LD. 1994. A comparison of
herpetofaunal sampling effectiveness of pit-fall, single ended,
and double ended funnel traps used with drift fences. Journal of
Herpetology 28:319 —-324.

Greene HW. 1994. Systematics and natural history, foundations
for understanding and conserving biodiversity. American
Zoologist 34:48—56.

IBGE. 1993. Mapa de vegetacdo do Brasil, 2nd ed. Rio de Janeiro:
Fundagio Instituto Brasileiro de Geografia e Estatistica.

Kohlsdorf T, Garland T, Jr, Navas CA. 2001. Limb and tail
lengths in relation to substrate usage in Tropidurus lizards.
Journal of Morphology 248:151—164.

Kovach WL. 2000. MVSP - A multi-variate statistical package for
Windows, version 3.1. Penthraeth: Kovach Computing Services,

Losos JB, Jackman TR, Larson A, de Queiroz K, Rodriguez-
Schettino L. 1998. Contingency and determinism in replicated
adaptive radiations of island Lizards. Science 279:2115-2118.

Magurran AE. 1988. Ecological diversity and its measurement.
London: Croom Helm Ltd. 179 pp.

Myers N, Mittermeier RA, Mittermeier CG, Fonseca GAB, Kent
J. 2000. Biodiversity hotspots for conservation priorities.
Nature 403:853—-858.

Nogueira C. 2001. New records of squamate reptiles in Central
Brazilian Cerrado II. Brasilia region. Herpetological Review
32:285—-287.

Oliveira-Filho AT, Ratter JA. 2002. Vegetation physiognomies
and woody flora of the Cerrado biome. In: Oliveira PS, Marquis
RJ, editors. The Cerrados of Brazil: ecology and natural history
of a neotropical savanna, New York: Columbia University
Press. pp. 91-120.

Pianka ER. 1966. Convexity, desert lizards and spatial hetero-
geneity. Ecology 47:1055—1059.

Pianka ER. 1967. On lizard species diversity: North American
flatland deserts. Ecology 48:333—351.

Pianka ER. 1969. Habitat specificity, speciation, and species
density in Australian desert lizards. Ecology 50:498—502.

Pianka ER. 1996. Long-term changes in Lizard assemblages in the
Great Victoria Desert: Dynamic habitat mosaics in response to
wildfires. In: Cody ML, Smallwood JA, editors. Long-term
studies of vertebrate communities. New York: Academic Press.
pp. 191-215.

Pianka ER, Vitt LJ. 2003. Lizards: Windows to the evolution of
diversity. Berkeley: University of California Press, 346 pp.

RADAM. 1982. Projeto RadamBrasil - levantamento de recursos
naturais. Folha SD. 23. Brasilia:

Ramos-Neto MB, Pivello VR. 2000. Lightning fires in a Brazilian
savanna national park: rethinking management strategies.
Environmental Management 26:675 — 684.

Ratter JA, Ribeiro JF, Bridgewater S. 1997. The Brazilian Cerrado
vegetation and threats to its biodiversity. Annals of Botany
80:223-230.

SAS Institute Inc. 1988. SAS/STAT User’s Guide, Release 6.03
Edition. Cary, North Carolina: SAS Institute Inc., 1028 pp.
Silva JMC, Bates JM. 2002. Biogeographic patterns and Con-
servation in the South American Cerrado: A Tropical Savanna

Hotspot. BioScience 52:225-233.

Soberdn JM, Llorente JB. 1993. The use of species accumulation
functions for the prediction of species richness. Conservation
Biology 7:480—488.



112 C. Nogueira et al.

StatSoft. 2003. STATISTICA (data analysis software system)
version 6. Tulsa: StatSoft Inc.

Tabachnick BG, Fidell LS. 2001. Using multivariate statistics.
Needham Heights, MA: Allyn & Bacon. 966 pp.

Thompson GG, Withers PC. 2003. Effects of species richness and
relative abundance on the shape of the species accumulation
curve. Austral Ecology 28:355-360.

Thompson GG, Withers PC, Pianka ER, Thompson SA. 2003.
Assessing  biodiversity with species accumulation curves;
inventories of small reptiles by pit-trapping in Western
Australia. Austral Ecology 28:361—383.

UNESCO. 2000. Vegetagio no Distrito Federal - tempo e espago.
Brasilia: Edigdes UNESCO. 55 pp.

Vanzolini PE. 1976. On the lizards of a Cerrado— Caatinga
contact, evolutionary and zoogeographical implications (Saur-
ia). Papéis Avulsos de Zoologia 29:111-119.

Vanzolini PE. 1988. Distributional patterns of South American
lizards. In: Vanzolini PE, Heyer WR, editors. Proceedings of a
workshop on Neotropical distributional patterns. Rio de
Janeiro, Academia Brasileira de Ciéncias. pp. 317 —-342.

Vitt LJ. 1991. An introduction to the ecology of the Cerrado
lizards. Journal of Herpetology 25:79—-90.

Vitt LJ, Caldwell JP. 1993. Ecological observations on Cerrado
lizards in Rondonia, Brazil. Journal of Herpetology 27:46 —52.

Vitt L], Pianka ER, Cooper J, Schwenk K. 2003. History and the
global ecology of squamate reptiles. The American Naturalist
162:44-60.

Vitt 1J, Zani PA, Esposito MC. 1999. Historical ecology of
Amazonian lizards: implications for community ecology. Oikos
87:286—-294.

Appendix
Voucher specimens

Ameiva ameiva - CHUNB 21787, 21789-791;
MZUSP 93151-52. Anolis meridionalis - CHUNB
21792-799; MZUSP 91660-667, 93146—149.
Bachia bresslaur - CHUNB 21800; MZUSP
91658—659. Cercosaura ocellata - CHUNB 21801-
805; MZUSP 91669-677, 91691-706, 93132
139. Cercosaura schreibersii albostrigata - CHUNB
21834. Colobosaura modesta - CHUNB 21806 —-807;
MZUSP 91656-657. Enyalius aff. bilineatus -
CHUNB 21799, 21808, 21810-815; MZUSP
87707, 88856 —857, 93142 —145. Mabuya dorsivitta-
ta - CHUNB 21818-820, 24876; MZUSP 93150,
93154-166. Mabuya frenata - MZUSP 91655.
Mabuya nigropunctata - MZUSP 93160. Micrable-
pharus articolus - CHUNB 21821-832; MZUSP
91882—-898. Ophiodes striatus - CHUNB 21833.
Ophiodes sp. - MZUSP 93140-141. Polychrus
acutirostris - CHUNB 21837. Tropidurus itambere -
CHUNB 21842, 21844845, 21847-851 MZUSP
91668, 93173 —178. Tropidurus torquarus - CHUNB
21839 —840. Tupinambis duseni - MZUSP 93131.



