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A B S T R A C T

It is now widely recognized that knowledge on population genetic structure is important to

evaluate population viability and persistence or to establish conservation priorities. In this

context, species that are locally abundant or widely distributed can be informative on how

broad scale processes of habitat loss and fragmentation, as those caused by intensive

human occupation, affect population genetic structure. In this paper, we analyzed popula-

tion genetic structure of Physalaemus cuvieri (Amphibia: Leptodactylidae) in the core of the

Cerrado biome, in the Goiás State, Central Brazil, using RAPD molecular markers. Local

populations are genetically different according to RAPD markers, and an analysis of molec-

ular variation (AMOVA) revealed a significant interpopulational variance component

around 10%. However, these population differentiation patterns are not strongly structured

in geographic space, and a Mantel spatial correlogram indicated only a slight significant

spatial structure at short geographic distances. These patterns are expected by the ecolog-

ical and life-history knowledge of the species, leading to a relatively low magnitude of pop-

ulation differentiation coupled with short distance spatial patterns. Moreover, even these

weak patterns showed a signature of effects of human occupation and habitat loss on

genetic differentiation at regional scale, with discontinuities to gene flow in two particular

regions of the State with more intense habitat loss and older human settlement.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

One of the great challenges for the 21st century is to develop

and implement strategies to avoid loosing a large amount of
er Ltd. All rights reserved

; fax: +55 6239461714.
br, tellesmpc@uol.com.br
Earth‘s biodiversity. This becomes crucial by taking into ac-

count the high current rates of human population growth

and energy use, the increasing demand for area and, conse-

quently, the high rates of habitat loss, fragmentation and
.
(M.P.C. Telles).
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species extinctions (Fahring, 2003; Ewers, 2005). Understand-

ing how biological diversity, at multiple hierarchical levels, re-

sponds to human modifications at landscape level is one of

the challenges for the researchers, and new spatial analyses

and geographic information systems (GIS) technologies have

now an important role in this endeavor (Kidd and Ritchie,

2006; Fischer and Lindenmayer, 2007).

In the Brazilian Cerrado, recent human occupation has

been characterized by a quick expansion from the South

and Southeastern regions of the country with extensive cattle

ranching and intensive farming, generating high rates of hab-

itat loss and fragmentation (Klink and Moreira, 2002; Oliveira

and Marquis, 2002; Klink and Machado, 2005; Rangel et al.,

2007). Studies at broad regional scales are still lacking, but it

is almost certain that this magnitude of anthropic effects

are creating strong impacts on biodiversity, at ecosystem,

community and population levels (see Brooks et al., 2002).

The Cerrado is the second largest biome of Brazil (the first

is the Amazon forest) and consists in a mosaic of different

habitat types, ranging from open savannas to highly dense

dry forests, and thus harbors an immense floral and faunal

diversity. Myers et al. (2000) ranked the Brazilian Cerrado

among the 25 global biodiversity conservation ‘‘hotspots’’ ex-

actly because of the high level of plant endemism and high

levels of habitat conversion. Current estimates indicate that

about 70–80% of the original Cerrado area has been already

converted to ‘‘anthropic landscape’’, and only about 6% of this

remaining area is protected by conservation units and parks.

Thus, there is urgent need for implementation of conserva-

tion actions, which must be based on best possible available

information on biodiversity patterns (Myers et al., 2000; Cav-

alcanti and Joly, 2002).

In this context, it is now recognized that knowledge of

population genetic structure is important to evaluate popula-

tion viability and to help establishing significant units for con-

servation (Crozier, 1997; Hitchings and Beebee, 1997;

Frankham et al., 2003; Beebee and Rowe, 2004; Frankham,

2005). Perhaps more importantly, patterns of genetic structure

within and among populations should be integrated into a

more complex evaluation of human occupation patterns

and other environmental data, so that genetic parameters

can be explicitly analyzed on a human occupied landscape

(see Manel et al., 2004). This also leads to an evaluation of

how human modifications at landscape level affect genetic

diversity. Both possibilities can be integrated into a single

framework, which has been recently called ‘‘landscape genet-

ics’’, analogous to the well-established field of landscape ecol-

ogy (Manel et al., 2004; Guillot et al., 2005). It is expected that

understanding how human modified landscapes affect (or af-

fected in the recent past) changes in population genetic struc-

ture allows a more realistic evaluation of the best possible

conservation actions.

Amphibians have been widely used as indicators of habitat

change, because they are quite sensitive to human induced

habitat changes (see Cushman, 2006, for a recent review). At

the same time, there is a general need to understand these ef-

fects, because amphibian population declines have been re-

ported worldwide (see Stuart et al., 2004; Beebee and

Griffiths, 2005). In the Cerrado region, there are approximately

130 species of amphibians (Colli et al., 2002; see also Diniz-
Filho et al., 2006, 2007), although this figure is almost certainly

underestimated (see Diniz-Filho et al., 2005; Bini et al., 2006).

At the same time, many studies in amphibian population

genetics have been conducted, usually revealing a high level

of population structure, which can be associated with their

ecological and behavioral characteristics, especially the rela-

tively low dispersion rates, high habitat fidelity and specificity

(Jehle et al., 2001; Newman and Squire, 2001; Austin et al.,

2003; Palo et al., 2003; Palo et al., 2004a; see also Manier and

Arnold, 2006 for a comparative evaluation). In Brazil, studies

with a few species of reptiles and amphibians showed effects

of environmental variation and recent human occupation on

genetic diversity and population structure, but they were usu-

ally conducted in Atlantic forest region (e.g., Pellegrino et al.,

2005; Grazziotin et al., 2006).

At least in some studies revealed that even very recent

processes of habitat loss and fragmentation affected genetic

diversity in amphibian populations (e.g., Scribner et al.,

2001; Curtis and Taylor, 2004). Cushman (2006) recently re-

viewed the effects of habitat loss and fragmentation in

amphibians, and called attention to many important issues.

For instance, the first important aspect is that these effects

cannot be understood at local spatial scales, and analyses at

broader geographical extents (i.e., at least regional or land-

scape levels) are necessary to evaluate how complex pro-

cesses related to human occupation interact at these scales

and affect biodiversity. Short term impact of habitat loss

and fragmentation seems to be also strongly linked to life his-

tory characteristics of the species, and thus studies ‘‘. . .will be

benefit from integrating large empirical studies with molecu-

lar genetics and simulation modeling’’.

Many studies in conservation genetics have been focused

on endangered species, hoping that a better understanding

of genetic parameters furnishes effective information to in-

crease their persistence. On the other hand, species locally

abundant or widely distributed can be informative on how

broad scale processes of habitat loss and fragmentation and

intensive human population affected population genetic

structure (Diniz-Filho and Telles, 2006; see also Cushman,

2006; for a more specific discussion regarding amphibian pop-

ulations). These approaches are of course not mutually exclu-

sive, but this partition may be useful to ensure how non-

endangered, highly abundant and widely distributed species

are also important targets for applied genetic analyses.

In this paper, we analyzed population genetic structure of

Physalaemus cuvieri (Amphibia: Anura: Leptodactylidae) in the

core of the Cerrado biome, in the Goiás State, Central Brazil,

using RAPD molecular markers. P. cuvieri is a small Leptodac-

tylidae (about 3 cm of rostrum–anal length), with a broad geo-

graphic extent in South America, ranging from Brazilian

Northeast up to Paraguay and north of Argentina. Approxi-

mately 25% of its geographic range is within the Cerrado

biome, and it can be found in many distinct habitats, includ-

ing open grassland, flooded savannahs and pastureland. It

breeds in temporary waterbodies, and the eggs are laid in

foam nests, attached to grass stems at the margin of the pond

(see <www.globalamphibians.org>; Duellman and Trueb,

1994). We hypothesize that broad-scale patterns of human

occupation in the region will disrupt genetic population

structure, and that spatial patterns of genetic discontinuities

http://www.globalamphibians.org
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among local populations will be associated with recent hu-

man occupation and habitat loss in Goiás State.

2. Methods

2.1. Sampling, DNA extraction, primer selection and
RAPD–PCR amplification

The material used for this analyses and estimation of basic

genetic parameters and population structure was described

in detail by Telles et al. (2006). In short, it consisted of a total

of 214 individuals collected from 18 localities (local popula-

tions hereafter) of Goiás state, Central Brazil (Fig. 1). Individu-

als were dissected in the field and the liver was removed and

preserved in 95% ethanol for further DNA extraction, primer

selection and RAPD–PCR amplification (Souza et al., 2002).

Genomic DNA was extracted using GFX Tissue kit protocol

(Amersham Biosciences).

Nine primerswith consistent andwell amplified bandswere

used to analyze the full set of DNA samples from the 214 indi-

viduals, after initial tests based on a total of 120 primers. The

polymerase chain reaction (PCR) was done in a PCT-100, MJ

Research PCR system with a total volume of 20 ll containing

9.34 ll of water, 3 ll of genomic DNA (2 ng/ll), 2.6 ll of 10X

PCR Buffer (InvitrogenTM) 2.08 ll of dNTPs (2.5 mM), 0.78 ll

of MgCl2 (2.5 mM), 2 ll of primer, 0.2 ll of Taq polymerase
Fig. 1 – Map showing the municipalities of Goiás State in Centr

analyzed in this paper.
(5U-InvitrogenTM). PCR profiles comprised of a initial denatur-

ation of DNA for 3 min at 96 �C, 40 cycles at of 1 min denatur-

ation at 92 �C, 1 min annealing at 35 �C, 1 min extension at

72 �C, and one 3 min cycle at 72 �C for final extension. The

amplification products were separated on 1.5% agarose gels

stained with ethidium bromide, run in 1X TBE buffer at 120 V

for 4 h, in groups with 22 samples (individuals) separated by

100 bp DNA ladder (Amersham Pharmacia BiotechTM). Digital

images of gels were capture using EDAS120-KODAK and indi-

vidual profiles for all gels were scored for the presence (1) or ab-

sence (0) of bands (loci), using the 100 bp DNA ladder as a

reference for aligning bands of different gels to different loci

and to minimize ambiguity in the coding procedure.

2.2. Statistical analyses

A detailed analysis of patterns of interpopulational genetic

differentiation was performed by Telles et al. (2006), and only

the main points will be highlighted here. First, molecular var-

iation obtained by scoring RAPD bands was analyzed using an

Analysis of Molecular Variance (AMOVA). The AMOVA allows

one to partition multivariate Euclidian distances calculated

between pairs of individuals using RAPD bands into among

and within-population variance components (Excoffier et al.,

1992; Souza et al., 2002). The proportion of genetic variation

among populations is then estimated by the UST statistics
al Brazil and the 18 local populations of Physalaemus cuvieri
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(analogous to the classical FST value), an estimate of the

among-population component of genetic divergence, and

the significance of this estimate against the null hypothesis

of no interpopulational variation was tested by 5000 random

permutations using AMOVA V. 1.55 (Excoffier, 1993).

Since the papers by Sokal and Oden (1978a,b), spatial pat-

terns of genetic variability have been used to investigate

microevolutionary processes underlying genetic variation

and how the emerging patterns can help establishing con-

servation strategies (see Sokal et al., 1997; Smouse and Peak-

all, 1999; Diniz-Filho and Telles, 2002, 2006; Escudero et al.,

2003; Epperson, 2003; Pálsson, 2004; Telles et al., 2003; Miller,

2005; Soares et al., in press). Because of the nature of RAPD

data, we used two different forms of Mantel tests of matrix

correspondence (Smouse et al., 1986; Manly, 1985, 1997) to

evaluate the spatial patterns in genetic distances, estimated

by the pairwise AMOVA‘s UST. A first approach is to obtain a

single standardized Mantel’s Z coefficient, which is actually

a Pearson correlation between pairwise geographic and ge-

netic distances. In this paper, we used 5000 random permu-

tations to build a null distribution of the standardized

Mantel’s Z that allow testing its statistical significance (see

Manly, 1997). However, it is possible to expand this to build

a Mantel correlogram (Diniz-Filho and Telles, 2002; Epper-

son, 2003). In this case, the idea is to compare the genetic

distances not with geographic distances, but instead with

five binary connectivity matrices in which the elements are

equal to 1.0 if pairs of local populations are situated within

a given geographic distance class, and zero otherwise. Thus,

it is possible to evaluate how Mantel‘s Z coefficients change

with increase of geographic distances. In this paper, these

connectivity matrices were established by separating local

populations situated within five classes of geographic dis-

tances, whose limits were 0–181, 182–262, 263–364, 365–460

and 461–825 km. These classes were defined in order to

maintain approximately the same number of local popula-

tions compared across the five connectivity matrices (Sokal

and Oden, 1978a,b; Legendre and Legendre, 1998). All Mantel

tests were performed using the NTSYS 1.8 (Numerical Tax-

onomy and Multivariate Analysis System) (Rohlf, 1989).

The pairwise genetic distances were also used to assess

discontinuities in multivariate genetic data across geo-

graphic space (see Manel et al., 2003; Telles et al., 2003). First,

we built a Delaunay network among the 18 local popula-

tions, by establishing that three localities (i.e., points) are

connected if a circle passing on them does not include any

other locality. The network edges were established using

the SAM v 2.0 (spatial analysis in macroecology), freely avail-

able from <www.ecoevol.ufg.br/sam> (Rangel et al., 2006).

We then mapped the highest ratios between genetic and

geographic distances along the edges of a Delaunay network,

allowing a simple evaluation of the genetic discontinuities

(Legendre and Legendre, 1998; Manel et al., 2003; Telles

et al., 2003; Soares et al., in press). To evaluate the relative

importance of each of these discontinuities and how they

are spatially arranged, we mapped successive proportions

of these high ratios. Thus, we are highlighting which genetic

distances are higher than expected given the particular geo-

graphic distances among adjacent (according to Delaunay

criterion) local populations.
We also correlate the genetic distance with average values

of 7 variables of human occupation and habitat loss, mea-

sured at municipality level across the edges established by

Delaunay network. First, we evaluated which municipalities

of the Goiás state are situated along each edge, and obtained

data for each one. Average values of the socio-economic or

fragmentation data (see below) in these municipalities can

then be paired with the genetic distances between pairs of lo-

cal populations linked by the respective edge in the Delaunay

network. The first two variables used in the analyses were

geographic distances (G, at log scale) and number of munici-

palities along Delaunay network (NM), giving an idea of ‘size’

of the edge. Other socio-economic variables more directly

associated with patterns and processes of human occupation

at landscape level and used here were average year of crea-

tion of municipalities (Y), giving an idea of both age of human

settlement and political division of land, average human pop-

ulation size in the year 2000 (H, at log scale) and average per

capita income (I), to furnish an idea of intensity of human im-

pact and available income. We were also able to obtain two

variables related more directly to habitat loss, i.e., number

of fragments (NF), average area of the fragments (AF). The so-

cio-economic variables (G,Y,H, I and NM) were obtained from

Brazilian Institute of Statistics and Geographic (IBGE, see

<www.ibge.gov.br>), whereas the fragmentation data was de-

rived by superimposing the municipalities contours to a map

displaying the remaining natural fragments, obtained from

Ferreira (in press). A total of 50 multiple regression models

were generated, modeling variation in genetic distances along

Delaunay connections (the response variable) by different

combinations of these seven variables as predictors. These

models were compared using Akaike information criterion

(AIC), as described below (see Burham and Anderson, 2002;

Johnson and Omland, 2004; Richards, 2005).

Akaike information criterion (AIC) is the most widely used

metrics to evaluate the likelihood of data given multiple pos-

sible models, and is given by

AIC ¼ �2Ln½LðxjMiÞ� þ 2K;

where Ln[L(xjMi)] is the log-likelihood of data x given the model

Mi and K is the number of parameters in the model. A small-

sample correction, which must always be used when n/K > 40,

is easily obtained by adding the term [2K(K + 1)/(n � K � 1)]

to the AIC formula. When computing an ordinary least squares

(OLS) regression, an approximate AIC value can be given by

AIC ¼ nLnðr2Þ þ 2K;

where r2 is the variance of the residuals of each regression

model, and K is the number of parameters, including the

intercept and the residual variance r2.

After calculating AIC values for various models, the AIC of

each model is transformed to DAIC, which is the difference

between AIC of each model and the minimum AIC found for

the set of models compared. A value of DAIC higher than 7

indicates that a model has a poor fit relative to the best mod-

el, whereas a value less than 3 indicates that a model is equiv-

alent (i.e., equally informative) to the minimum AIC model.

The DAIC values can also be used to compute Akaike’s

weighting of each model (wi), which provides evidence that

http://www.ecoevol.ufg.br/sam
http://www.ibge.gov.br
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the model is actually the best explanatory model. These val-

ues of wi are usually standardized by their sum across all

models evaluated, so they are dependent on the set of models

used, and are given then by

wi ¼ eð�1=2DAICÞ=
X

i

eð�1=2DAICÞ� �
:

3. Results

The AMOVA revealed a significant inter-population variance

component (UST = 0.10; P < 0.0002 with 5000 permutations),

but the Mantel test comparing pairwise UST and geographic

distances was not significant (r = 0.109; P = 0.219 with 5000

permutations). Thus, despite significant population differen-

tiation, there is no global spatial structure in genetic dis-

tances among local populations. Multivariate correlogram

showed a slightly significant matrix correlation in the first

geographic distance class (r = 0.169; P = 0.042), indicating that

genetic similarity among local populations close in geo-

graphic space tends to be slightly larger than expected by

chance alone. Matrix correlation then decreases to non-sig-

nificant values up to the fifth distance class and then tends

to stabilize, so that local populations situated at distances

smaller than about 180 km tend to be more similar than ran-

domly selected pairs of local populations (see Diniz-Filho and

Telles, 2002; see Telles et al., 2006 for details).

Some of the 45 edges along the Delaunay network have

high ratios between genetic and geographic distances, and

they successively characterize three regions of the State in

which the discontinuities are concentrated (Fig. 2a). The high-

est 10% ratios is found for the edge between local populations

15–4, 15–16, 15–5 and 7–17, in the southeastern of the State. If

we highlight the 25% highest values of this ratio and showed

that they are found basically in two regions of Goiás State in

which discontinuities are concentrated (Fig. 2a). The first is

the southeastern region, with seven local samples with high

ratios for the edges linking sequentially local populations 4,

5, 6, 8, 11, 15 and 16. The second is in the northwestern region,

with high ratios for three edges linking local populations 9, 13

and 18. There is an additional high ratio for the edge between

local populations 10 and 12, in the northeast region of the

State. Using the highest 50% ratios, these two groups, espe-

cially the southeastern one, are strongly reinforced, with only

two high ratios in edges connecting the northwestern group

of discontinuities with northeastern edges (between local

populations 10–18) and be connecting the northeastern edge

with the entire group of discontinuities in the southeastern

region (edge between local population 10–17). The southeast-

ern and northwestern groups of discontinuities correspond,

respectively, to areas with highest current population densi-

ties in the southeast part of the Cerrado region and of recent

occupation by human populations in the northwest (see Bra-

sil, 1999; and Soares et al., in press). More broadly, these two

groups of discontinuities in genetic variability might be visu-

ally associated with distribution of natural vegetation patches

across Goiás State defined by Ferreira (in press) (Fig. 2b).

Indeed, a more detailed evaluation of these spatial pat-

terns, obtained using a multiple regression analysis between

genetic distances along the edges and different combinations
of the predictors associated with human occupation and hab-

itat fragmentation, revealed that the best model predicting

genetic distances includes human population and year of

municipality creation (H + Y) (Table 1). However, the model

with the two variables of habitat fragmentation (AF + NF)

and the one with geographic distances and year of creation

of municipalities (G + Y) have quite close AIC values, being

then equivalent, in information content, to the best model.

Despite this, the wi values for these models, revealing their

relative information content (see Burham and Anderson,

2002) are relatively low, around 28%, indicating then a high

uncertainty regarding model choice (although the sum of

these values reveal that there is 86.5% that these are the cor-

rect models, among those tested). Anyway, it is also impor-

tant to highlight that the R2 of the best model was equal to

26%, so that there is a lot of unexplained variation in genetic

distances.
4. Discussion

4.1. Overall patterns of genetic divergence

RAPD genetic analysis showed that there is a significant pop-

ulation structure for P. cuvieri in Goiás State of Central Brazil,

as found for many other species of anurans worldwide (e.g.,

Driscoll, 1998; Baptista, 2001; Marsh and Trenham, 2001; Palo

et al., 2004b) and discussed in more detail by Telles et al.

(2006). Although local populations tend to be slightly differ-

ent, this population differentiation is not strongly structured

in geographic space, and the Mantel correlogram indicated

only a slight significant and relatively weak spatial structure

at short geographic distances.

The combination between significant population differ-

entiation (revealed by FST or analogous statistics) and low

spatial pattern suggests that it may be difficult to find a

general explanation for genetic divergence among local

populations across geographic space (Sokal and Oden,

1978a,b; Sokal et al., 1986). Indeed, Pearse and Crandall

(2004) recently pointed out that, beyond simple estimates

of magnitude of population differentiation, it is important

to search for more complex spatial and historical processes

affecting genetic divergence in regional scales. P. cuvieri is a

locally abundant species and, although specific studies on

dispersal ability of this species are lacking, its wide geo-

graphic distribution and ability to live in distinct habitat

types suggest at least moderate dispersion rates. Thus, this

combination of life-history characteristics (moderate dis-

persal reinforced by low genetic drift due to high local

abundances), leads to relatively low levels of population dif-

ferentiation and short distance population structured

(Gillespie, 1998; Barber, 1999; Beebee and Rowe, 2004; Rous-

set, 2004), as observed here.

Because of the relatively low value of the Mantel test in the

first geographic distance class, it is important to stress that

even some of the very close local populations might tend to

be independent in respect to genetic variability. This is con-

firmed by mapping the relative genetic distances, revealing

a set of genetic discontinuities in the region. The most impor-

tant point is that these discontinuities are not randomly



Fig. 2 – (a) Results from discontinuity analysis, in which edges with variable sticks and lines show edges with successively high

ratios between pairwise genetic relationships and geographic distances between local populations, along the Delaunay

network. (b) Map of remaining habitat fragments covering Goiás State, showing a higher level of habitat loss and fragmentation

in southeastern part of the State (see Ferreira et al. (in press)).
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distributed along the edges of Delaunay network, but instead

highly aggregated in two main parts of the Goiás state, corre-

sponding to areas densely occupied by human populations.
Thus, beyond microevolutionary and ecological processes,

human effects may help explaining patterns of genetic dis-

tances in this species.



Table 1 – Results of model selection procedure to explain genetic divergence along Delaunay network, using corrected AIC
values (AICC)

Models* AICC Di wi R2

1 Full model 40.512 29.421 0.000 0.346

2 G + Y 11.093 0.0025 0.288 0.136

6 NF + AF 11.093 0.0020 0.288 0.138

12 H + Y 11.091 0.0000 0.289 0.263

The Di indicates the AICC differences, whereas wi is the probability that each model is the true model. The R2 is the amount of genetic distance

explained by each combination of predictors. Only the full model and model for which values of Di were smaller than 2 are shown. See text for

codes of the predictors in each model.
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4.2. Human occupation and habitat loss

The effects of habitat loss and human occupation to the ge-

netic structure of populations are well known in theoretical

terms, but only recently they started to be investigated empir-

ically (see Fahring, 2003; Cushman, 2006). Even so, studies at

regional scales (or larger) are not common, and most analyses

focus of more local differentiation among close fragments or

in the effects on recently established and well-known anthro-

pic barriers to gene flow. In amphibians, a few studies have

discussed how habitat fragmentation affects abundance (Gray

et al., 2004) and population genetic structure (Kimberling

et al., 1996; Hitchings and Beebee, 1997; Ficetola and Bernardi,

2004; see also Cushman, 2006).

Our study showed, at a relatively broad spatial scale, that

even recent patterns of human occupation and habitat frag-

mentation in the core region of Brazilian Cerrado may have af-

fected patterns of population genetic structure in P. cuvieri.

These effects appear as an additional component in the pat-

terns of population differentiation, beyond those relatively

weak expected under an ‘‘isolation-by-distance’’ process previ-

ously discussed. Although all these effects are relatively low (in

terms of a relatively low explanation power of genetic diversity,

expressed by the r2), they are coherent with expectations based

on a combination of weak ‘‘isolation-by-distance’’ and habitat

fragmentation caused by recent human occupation. Thus,

our models can help understanding patterns of genetic diver-

sity in this species and to conduct local-scale evaluations that

could potentially clarify how population-level processes, espe-

cially dispersal, are affected by human-induced landscape

modifications. It is interesting to note that Cushman (2006) call

attention that species with moderate to high dispersal rates

tend to be more affected by habitat loss and fragmentation,

and this could help explaining why even a relatively recent pro-

cess at landscape level left a signal in genetic population struc-

ture of this species.

The evidence towards this explanation is the correspon-

dence between genetic distances higher than expected by

geographic distances (discontinuities) and highest values of

socio-economic variables, based on average of municipalities

along Delaunay network, reflecting simultaneously complex

spatial patterns of human occupation and habitat loss. Be-

yond the simple visual correspondence between genetic dis-

continuities and maps of habitat fragmentation in the

region, the regression models selected using AIC suggests

that current human population density, characteristics of

habitat fragmentation and year since the creation of each
municipality are involved in the explanation of the groups

of discontinuities in the southeast and northwest of Goiás.

These factors are probably all correlated and, indeed, the

southeast region, with the largest cluster of discontinuities,

was the first region occupied, in the 18th century. This occu-

pation was accelerated by the expansion of the agricultural

frontier in the 1940s and the transference of Brazilian Federal

capital (from Rio de Janeiro to Brasilia) in 1960. These com-

bined processes generated a quick process of economic devel-

opment in the region, and as a consequence there was a fast

increase in human population size, fragmentation of political

units (generating a high number of new and recently created

municipalities). As expected, these processes are undoubt-

edly associated with high levels of habitat loss and fragmen-

tation in the region. The same processes occurred a little

more recently in the northwest region of the State, in the

southern part of the Araguaia river basin (Ribeiro et al.,

1995), and may be then associated with the second group of

barriers.

Soares et al. (in press) recently observed similar patterns of

genetic discontinuity in a Cerrado plant species, and found

that these discontinuities are located in regions characterized

by the Brazilian government as ‘‘high anthropic pression’’ (the

southern of the region, and of Goiás State) and ’’socio-eco-

nomic expansion’’ (the northwestern part) (see Brasil, 1999).

These two groups correspond to the first two groups of dis-

continuities discussed above. This reinforces that, although

further studies at more local scales are necessary to clarify

by which population mechanisms the recent processes of hu-

man occupation are affecting population structure, these ef-

fects are strong enough to be detected in overall, broad

scale exploratory analyses of genetic data.

4.3. Concluding remarks

Our analyses showed that patterns of population genetic

structure in P. cuvieiri in Central Brazil are coherent with those

expected by considering its ecological and life-history, leading

to a relatively low magnitude of population differentiation

coupled with short distance spatial patterns. Moreover, even

these weak patterns showed a signature of effects of human

occupation and habitat loss on genetic differentiation, at re-

gional scale. Although this particular species do not require

specific protection, our analyses are important to allow an

evaluation of how humans affect genetic diversity and to dis-

cuss how alternative methodologies can be used to conserve

this variability.
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Physalaemus cuvieri Fitzinger 1826 (Lissamphibia:
Leptodactilydae) em fragmentos antrópicos e naturais de
Cerrado. Unpublished Master Thesis (Animal Biology),
Universidade de Brası́lia, Brası́lia-DF, Brasil.

Barber, P.H., 1999. Patterns of gene flow and population genetic
structure in the canyon treefrog, Hyla arenicolor. Molecular
Ecology 8, 563–576.

Beebee, T.J.C., Griffiths, R.A., 2005. The amphibian decline crisis: A
watershed for conservation biology? Biological Conservation
125, 271–285.

Beebee, T., Rowe, G., 2004. An Introduction to Molecular Ecology.
Oxford University Press, Oxford.

Bini, L.M., Diniz-Filho, J.A.F., Rangel, T.F.V.L.B., Bastos, R.P., Pinto,
M.P., 2006. Challenging Wallacean and Linnean shortfalls:
Knowledge gradients and conservation planning in a
biodiversity hotspot. Diversity and Distributions 12, 475–482.

Brasil, 1999. Ações prioritárias para a conservação da
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