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Abstract

Despite methodological and theoretical advances in conservation genetics, data on genetic variation on broad re-
gional spatial scales are still scarce, leading conservation planners to use general heuristic or simulation models for
an integrated analysis of genetic, demographic and landscape parameters. Here, we extended previous results by
evaluating spatial patterns of extinction by inbreeding depression under stochastic variation of environments for
mammalian populations in 31 conservation units of the Brazilian Cerrado. We observed a large spatial variation of
times to extinction, for different conservation units and body-size classes of species. For small-bodied species
(500 g), the population times to extinction in the conservation units were usually longer than 200 years, whereas for
medium-bodied (5 kg) and large-bodied (50 kg) species this time was considerably shorter, and only a few units
would maintain viable populations for more than 100 years. These figures are consistent with the current status of
mammalian conservation in Brazil, and hopefully the simulated scenarios can be integrated to patterns of human oc-
cupation and habitat loss in the biome, in order to furnish overall guidelines for biodiversity conservation.
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Evaluating broad-scale patterns in genetic diversity

was the background for the development of “landscape ge-

netics”, a new discipline in Genetics that aims to provide in-

formation on how landscape and environmental features in-

fluence population genetic structure (Manel et al., 2003;

Pearse and Crandall, 2004; Kidd and Ritchie, 2006; Storfer

et al., 2006). The basic idea is to evaluate spatial patterns of

genetic variation and to test for correlations between ge-

netic discontinuities among local populations and land-

scape-level features, especially those related to recent hu-

man occupation (Manel et al., 2003), in order to use this

knowledge for developing better conservation strategies

(e.g., Diniz-Filho and Telles, 2002, 2006). Its implications

on conservation are based on the assumption that habitat

fragmentation, loss or conversion, generated by different

types of human activities, can lead local populations to ex-

tinction, because of the decreasing levels of gene flow and

reduction in effective population sizes (Fahring, 2003). On

the other hand, despite methodological and theoretical ad-

vances provided by landscape genetics, data on genetic

variation on broad regional spatial scales are still scarce,

and therefore conservation planners can use overall and

heuristic models which allow an integrated analysis of ge-

netic, demographic and landscape parameters that, in turn,

can provide data for an evaluation of biodiversity persis-

tence and extinction risks (Henle et al., 2004). These mod-

els are usually parameterized by real-life history parame-

ters of the target species or populations and by the

environmental characteristics of the region in which the

populations are conserved (Frankham et al., 2002; Morris

and Doak, 2002; Rodrigues and Diniz-Filho, 2007).

Here, we extended previous results reported by Ro-

drigues and Diniz-Filho (2007) by evaluating spatial pat-

terns of extinction in different body-size classes (hypotheti-

cal “species”) of mammalian populations in conservation

units of the Brazilian Cerrado. We started by assuming, un-

der a pessimistic scenario of quick habitat loss and frag-

mentation in the Brazilian Cerrado (Klink and Machado

2005), that in these units isolation among local populations

of hypothetical species exists. Our population dynamics

simulations were based on Tanaka’s (2000a) model of ex-

tinction by inbreeding depression under stochastic environ-
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ments (see also Tanaka, 1997, 1998, 2000b), as explained

in detail in Rodrigues and Diniz-Filho (2007). This model

is based on three dynamic recurrence equations for mean

allele frequency q, inbreeding coefficient F and population

size N. Unless otherwise specified, all parameters used here

follow previous descriptions by Rodrigues and Diniz-Filho

(2007).

We applied Tanaka’s (2000a) model to three sets of

hypothetical mammal species, with body sizes equal to

500 g, 5000 g and 50000 g, respectively. The distribution of

these ‘species’ was such that they were found in 31 full-

protection conservation units of the Brazilian Cerrado (Fig-

ure 1), with areas ranging from 99.31 to 7,298 km2. To ob-

tain average population densities for the three species based

on their body sizes (D), we used the allometric equations of

Silva and Downing (1995) for all mammals, given by:

D = 1.33 + (-0.85 log M)+(0.04 log M2) + (0.05 log M3),

where D is the population density in individuals/km2 and M

is the body size in grams. We then multiplied this value by

the total area size of each conservation unit, to obtain the

expected population density for each area. This equation al-

lowed a much more conservative (low) population size

compared to the one used by Rodrigues and Diniz-Filho

(2007) based on microsatellite diversity under a stepwise

mutation model.

We simulated population dynamics under inbreeding

depression for the three populations in each of the 31 con-

servation units using the following parameters: growth

rates of the three species were estimated using the empirical

equation of Alroy (2001), inbreeding coefficients F = 0.2,

and coefficient of variation of populations of 20 individu-

als. Because we were simulating population dynamics pro-

cesses in a conservation unit which we assumed to remain

fully preserved, we used relatively low rates of decrease in

carrying capacity K, equal to 0.01 individuals/year. We fur-

ther assumed that, although these areas were not directly af-

fected by the problems of the surrounding environments,

indirect effects would lead to reduction of the population

carrying capacity, reduced anyway through border effects,

such as reduction in population size by preys, pollution or

loss of specific suitable habitats within the units. Other ge-

netic load parameters were equal to those used by Tanaka

(2000a), so that μ = 10-6, n = 15000 loci, and selection coef-

ficient s = 1.

Under the simulated scenario, it was possible to ob-

serve a great spatial variation of times to extinction, for dif-

ferent conservation units and species body sizes (Figure 1).

Overall, the times to extinction were much shorter than

those obtained previously by Rodrigues and Diniz-Filho

(2007), because of the more conservative population den-

sity estimates. For small-bodied species (500 g), the popu-

lations estimated were larger and times to extinction in the

conservation units were usually longer than 200 years. For

medium-bodied (5 kg) and even more for large-bodied spe-

cies (50 kg), this value was reduced, since only a few units
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Figure 1 - Results of the simulations in 31 conservations units, showing

the variation in times to extinction (years) for the different body-size

classes: 500 g (A), 5000 g (B), and 50000 g (C).



would be capable of maintaining viable populations for

more than 100 years. These figures are consistent with the

current status of mammalian conservation in Brazil, and ac-

tually only very few conservation units are large enough to

maintain viable populations of large mammals, such as ta-

pirs (Tapirus terrestris), and especially carnivores such as

jaguars (Panthera onca).

The variations in average times to extinction were

logarithmically related to area for all body-size classes, and

tended to stabilize for large conservation units (i.e., larger

than 5000 km2) (Figure 2). They were also parallel, so that

the nonlinear relationships between body size and all other

population parameters (densities, growth rates) did not

cause interactions in the spatial distribution of extinction

risks as a function of area in the modeling process.

It is worth noticing that the simulated scenarios were

conservative (i.e., the estimated times to extinction were

probably lower than reality) with regard to spatial patterns

in abundance and other life-history and ecological traits,

such as diet. This was a result of the fact that the population

densities were estimated using general allometric equations

for mammals; more specific equations for carnivores, for

example, would have produced even lower population den-

sity figures (see Silva and Downing, 1995). Moreover, it is

also important to consider that, although small-bodied

mammalian species would persist for much longer times

than larger ones, these species usually have smaller geo-

graphic ranges, so they would not be actually found in all

units (see Brown, 1995; Diniz-Filho et al., 2005). Estimates

will vary on a species basis, because of variations in the

“permeability” of the ecological matrix (fragmented and

human-converted landscape) for different species, and their

ability to maintain populations outside conservation units.

On the other hand, this reduction in persistence time

with body size is a direct consequence of variations abun-

dance and growth rates generated in allometric equations,

and of course the absolute values of time to extinction de-

pend on these parameters and equations. So, although they

should be interpreted with caution, the spatial patterns of

relative times can be well discussed in a regional context.

We found a general north-south gradient, in which the high-

est persistence times are found in the northern part of the

Cerrado,because of the larger size of the conservation units

in that region. Although this was the only landscape-level

parameter in the simulations performed here, it must have a

synergistic effect with other socio-economic variables and

should be interpreted together with patterns of the historical

and economic occupation of the Cerrado (see Rangel et al.,

2007). The process of more intense human occupation of

the Cerrado that occurred over the last 50 years, especially

after the foundation of Brasilia, was spatially structured and

characterized by agricultural expansion fronts from South

and Southeast Brazil (Klink and Moreira, 2002; Klink and

Machado 2005). The consequence was that habitat loss and

fragmentation were more intense in these regions, so that

larger natural areas are now mainly found in the northern

part of the biome. Since in these areas the cost of land ac-

quisition is lower and there is less agricultural occupation,

the conservation units are larger there, allowing higher per-

sistence times in the simulations performed by us. How-

ever, the small total area preserved in the full-conservation

units established in the Brazilian Cerrado, when compared,

for example, to the area of the other Brazilian “biodiversity

hotspot”, the Atlantic Forest, is a well-known problem

(Myers et al., 2000; Klink and Machado 2005; Marris,

2005).

At the same time, the spatial structure found here

must be reinforced by the isolation effects created by habi-

tat loss and fragmentation. We assumed that every conser-

vation unit is isolated from the others and that migration

rates are small, which is probably close to the truth for the

southern and southeastern part of the Cerrado (see Telles et

al., 2007). So, the relative times simulated in the south are

probably more realistic than those of the northern part of

the biome, because well preserved natural habitats allow

more gene flow and increase in effective population size.

Thus, efficient conservation strategies can be more suc-

cessfully implemented in this northern part of the biome,

which is also important in view of the large amounts of pre-

served natural habitats and the lack of good knowledge of

the biodiversity patterns (Bini et al., 2006). Furthermore,

our results reinforce the need for urgent and more effective

conservation actions in the south-southeastern region of the

Cerrado, historically the part of the biome more densely

occupied by human activities, in order to minimize the syn-

ergetic effects of isolation, habitat loss and reduced conser-

vation area.
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Figure 2 - Relationship between average times to extinction (years) and

area of the 31 conservation units, for the three body-size classes.
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