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Abstract In this study, we investigated the effects of the partial conversion of native
Amazon savanna into a eucalyptus plantation on the richness, composition, and abundance
of medium and large mammals. Considering these plantations as an integral component of
a patchwork savanna landscape, we verified how the negative effects of these plantations
can be buffered by the conservation of remnants of native habitat within their area. We
analyzed the contribution of each type of Amazonian savanna to the maintenance of the
mammalian fauna and the potential of eucalyptus plantations to substitute these native
habitats. A total of 23 mammal species were recorded in line-transect surveys conducted
within the conserved savanna. By contrast, only eight species were recorded in the
eucalyptus plantation and none of them were exclusive to this vegetation. However, the
landscape patchwork formed by plantations and savanna was more diverse and contained
19 species of mammals, highlighting the potential importance of remnant savanna vege-
tation. The maintenance of remnants of savanna habitat may thus be essential for ensuring
the conservation of mammals in the anthropogenic landscape of this region. It will also be
important to include as many different subtypes of native savanna vegetation as possible
and to consider the connectivity between habitats.
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Introduction

Land use has changed forest cover throughout the tropics (Ellis et al. 2012). Deforestation
has created a patchwork of landscapes, with forest remnants scattered among urban areas,
pastures, fields, and plantation forests (Wright and Muller-Landau 2006; Barlow et al.
2007b). In the last 10 years, around 1.5 million ha of forest has been destroyed annually in
the Brazilian Amazon region, and plantation forestry has contributed fundamentally to this
process (Barlow et al. 2007a; Rodrigues et al. 2009; Davidson et al. 2012). Even with the
drastic reduction of the conversion rates of native forest into plantations over the past few
years (due to changes in Brazilian federal legislation), the Amazon region now accounts for
almost 25 % of total plantation forestry of Brazil (IBGE 2011). In the Amazon region, and
it is still possible to convert at least 20 % of the total area of natural vegetation cover to any
type of land use that requires the clearing of this plant cover. Despite the reduced rate of
conversion occurring in the present day, the plantations established in the 1970s and 1980s
were mostly developed in tracts of pristine rainforest. In the Amazon savannas, the con-
version of up to 35 % of the natural habitat is permitted by law. In this ecosystem, trees are
planted mainly in grassland areas, with riparian forests being left largely intact.

Compared to other intensive agricultural land uses, eucalyptus plantations may provide
complementary conservation services due to the fact that they present a low-contrast
matrix for natural woody vegetation, with buffering edge effects and increased connec-
tivity (Barlow et al. 2007b; Brockerhoff et al. 2008). On the other hand, the conversion of
native forest into a eucalyptus plantation results in a drastic change in land cover (Barlow
et al. 2008), which reduces the availability of resources for the mammalian fauna
(including food and substrates), as well as altering primary productivity and the func-
tionality of the ecosystem (Barlow et al. 2007b; Downing and Leibold 2002). Another
effect is the loss of biodiversity (Lindenmayer and Fischer 2006; Barlow et al. 2008;
Gardner et al. 2009). Most studies have recorded negative effects of large forestry plan-
tations on the abundance and richness of both invertebrates and vertebrates, although the
exact results will depend on the taxa analyzed (Harvey et al. 2006a, b; Barlow et al. 2007a,
2008; Gardner et al. 2007, 2008; Lo Man Hung et al. 2008; Umetsu et al. 2008; Louzada
et al. 2010). Over the long term, the effects on biodiversity are likely to also affect the
stability and functioning of the ecosystem (Cardinale et al. 2002; Naeem 2002; Pifsterer
and Schmid 2002; Laliberté et al. 2013).

Given these considerations, what is the best scenario to reduce the impacts of eucalypt
plantations on biodiversity? In this study we used experimental field studies to investigate
the effects of the partial conversion of Amazon savanna into a eucalyptus plantation on the
richness, composition, and abundance of medium and large mammals. We also analyzed if
the negative effects of the plantations on mammalian diversity could be reduced based on
data collected on a regional scale.

The Amazonian savannas encompass a diversity of habitats, including several types of
vegetation with major structural contrasts, such as gallery forests and open grassland (Cole
1960; Eiten 1972). This habitat heterogeneity has a strong influence on patterns of species
composition and abundance (Alho et al. 1986; Price et al. 2010), given that different
habitats make distinct contributions to the maintenance of biodiversity (Mares et al. 1986;
Redford and Fonseca 1986; Johnson et al. 1999; Barlow et al. 2007b). Considering the
eucalyptus plantation as part of a patchwork landscape in the Amazon savanna, we also
analyzed the contribution of each habitat (forest, grassland, and eucalyptus plantation) to
the maintenance of mammalian diversity, and to determine if eucalyptus plantations can
serve as surrogate habitats for the Amazon savanna mammal species.
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Methods
Study area

This study was conducted in two landscapes of native Amazon savanna 70 km apart,
located in the state of Amapa, Brazil, in the northeastern Amazon basin (Fig. 1). The first
site is located in the district of Tartarugalzinho (1°30'21”N, 50°54'43”W) and encompasses
around 94,000 ha of conserved Amazon savanna composed of ca. 41,000 ha of forest and
ca. 53,000 ha of grassland (Fig. 1a). The second site is located between the districts of
Porto Grande and Ferreira Gomes (0°42/46”"N, 51°24'46"W) and encompasses a large
mosaic of 2,20,000 ha, composed of ca. 87,000 ha of gallery forest, ca. 29,000 ha of
savanna grassland and ca. 1,04,000 ha of eucalyptus plantation. The plantation (Eucalyptus
urophilla and Eucalyptus tereticornis) was established in the 1970s on land originally
covered by savanna grassland. The areas of savanna habitat were maintained intact in the
riparian zones of small rivers and in deep valleys, forming corridors of native vegetation
within the eucalyptus plantation (Fig. 1b, c).

The Amazon savanna is an ecosystem of high heterogeneity of habitats, which includes
several types of vegetation (Cole 1960; Eiten 1972). In the present study, however, we
considered all habitats to be either grassland or forest. We covered five different landscape
categories (treatments) in the present study: (1) continuous savanna forest (F-SAV); (2)
continuous savanna grassland (G-SAV); (3) eucalyptus plantation within a mosaic land-
scape (EUC); (4) remnant savanna forest within a mosaic landscape (F-EUC); and (5)
remnant savanna grassland within a mosaic landscape (G-EUC).

Sample methods

The criteria used to select the sample areas of eucalyptus plantation (EUC) was the
accessibility and age of the plantation. Tracts of trees of between 3 and 5 years of age, with
heights of 10-14 m, were selected. Rotation time is 6 or 7 years when the plantation is
clear cut. The plantations have a standard layout, with trees planted in a 3 x 2-m grid.
Forest management involves silvicultural treatments to prevent the growth of native trees
in the understory until the end of the second year. However, some pioneer plants can be
often be observed growing within the plantations, including species such as Vismia gui-
anensis, Miconia sp., Cecropia sp., Byrsonima sp., Anonna sericea, Casearia sylvestris,
Himatanthus articulata, and Bellucia sp. There is usually a dense litter layer of eucalyptus
leaves.

We collected data in four field expeditions of 20 days duration during both the wet and
dry seasons, in 2009 and 2010. We used a line-transect sampling method (Buckland et al.
2004; Thoisy et al. 2008) to investigate the communities of medium and large mammals.
This method consists of walking slowly (1-1.5 km/h) and in silence along a linear transect
while identifying and counting all mammals or vestiges, such as feces (Rezendes 1999),
encountered during the walk. Sixteen transects (or sample units) of 1.25 km were dis-
tributed within each treatment as follows: two transects each in the F-EUC and G-EUC,
and four transects each in the EUC, G-SAV, and F-SAV. The minimum distance between
each transect was 6 km, in order to minimize spatial autocorrelations. The transects in the
eucalyptus plantations were positioned at least 300 m from the edge, but the F-EUC and
G-EUC transects occasionally approached to within 80-150 m of the edge, where the
savanna vegetation was distributed in narrow corridors within the eucalyptus plantation
(Fig. 1c).
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Fig. 1 Location of the study areas in Amapa State, Amazonian, Brazil, with the details of study sites.
a Landscape 1: native and continuous Amazon savanna including savanna forest and savanna grasslands; b,
¢ Landscape 2: patchwork landscape including, eucalyptus plantations with remaining savanna grassland
and savanna forest. Black circles G-SAV and G-EUC, black cones F-SAV and F-EUC, black squares EUC

We conducted a daily survey from 5:30 to 9:30 a.m. and from 3:00 to 7:00 p.m. on each
transect alternately. The same transect was never surveyed twice within 24 h (Buckland
et al. 2004). All vestiges were removed once they had been recorded in order to avoid
recounting in subsequent surveys.

The total accumulated distance walked in all transects was 900 km, but the sample
effort differed between treatments due to the variation in transect length. This total
included 90 km each along the F-EUC and G-EUC transects, 225 km along the F-SAV and
G-SAV transects, and 270 km in the EUC.

Analyses
We compared the composition of mammal communities in the different treatments

descriptively. The line-transect sampling method allowed us to compare the species
abundance and richness of medium and large mammals among treatments. We calculated
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the relative abundance of species (Pi) using the number of individuals recorded per 10 km
on each transect (Thoisy et al. 2008).

To compare the estimated species richness between treatments and landscapes, we
converted the data into rarefaction curves in EstimateS 7.5.0 (Colwell 2005) using the
Jackknife I estimator (Gotelli and Colwell 2001). To compare the difference between
observed and estimated species richness, we used a standard statistical inference based on
confidence interval estimates for the jackknife procedure, with significant differences being
defined by a lack of overlap between the confidence limits of the estimates for different
habitats.

To test the effect of the conversion of savanna to eucalyptus plantation on the species
abundance and richness of medium and large mammals, we used a one-way analysis of
variance, or ANOVA (Zar 2008). The data were checked for normality and homogeneity of
variance, which permitted the use of this parametric test. An a posteriori Tukey test was
applied when the result of the ANOVA was significant in order to identify which pairs of
landscapes presented significantly different means.

To summarize the data on the structure and composition of the assemblages, we used a
non-metric multidimensional scaling analysis, or NMDS (Delaney et al. 2000), which
ordered the 16 samples based on the similarity of their composition in terms of the
abundance of species. To test the differences in species composition between landscapes,
we applied an analysis of factorial similarity (ANOSIM).

Results

We obtained a total of 464 records of 26 species of medium and large mammals (Table 1).
Only eight species were recorded in the eucalyptus plantations (EUC), however, and none
of them were exclusive to this habitat. A further 11 species were recorded in the savanna
remnants within the eucalypt plantation (F-EUC and G-EUC), giving a total of 19 mammal
species in the patchwork plantation landscape (Table 1). By contrast, 23 species were
recorded in the conserved savanna habitats.

The deer of the genus Mazama and the armadillo Euphractus sexcinctus were notably
more abundant in the eucalyptus plantation (Table 1). By contrast, all strictly arboreal
species such as Potus flavus and the primates were recorded only in the savanna forest at
both sites. With the exception of Odocoileus virginianus, all other ungulates and herbiv-
orous species, such as Mazama americana, Mazama nemorivaga, and Tapirus terrestris,
were recorded in all treatments. During the transect surveys, it was possible to occasionally
observe tapir and deer feeding on the leaves of the trees of pioneer species, such as
Cecropia sp., found within the eucalyptus plantation (but not those of the Eucalypts
themselves).

Omnivorous species, such as Cerdocyon thous and E. sexcinctus, which are typical of
open habitat, were more abundant in grasslands and eucalypt groves (Table 1). With the
exception of Myrmecophaga tridactyla, all species observed exclusively in continuous
savanna, such as Eira barbara, Procyon cancrivorus, P. flavus, Cabassous unicinctus, and
Tayassu pecari, were recorded infrequently, which suggests that they may be naturally rare
in the region.

None of the rarefaction curves stabilized, indicating the potential presence of additional
species in all treatments, although the difference was least pronounced in the EUC and
F-EUC, for which 86 % of the estimated number of species were recorded (Fig. 2). By
contrast, observed species richness in G-SAV, G-EUC, and F-SAV was 69, 80, and 76 %
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Fig. 2 Estimates of species richness for medium and large mammals in Amazon savanna in Amapa, Brazil,
based on rarefaction curves. G-SAV conserved savanna grassland, G-EUC remnant savanna grassland, F-
SAV conserved savanna forest, F~EUC remnant savanna forest, EUC eucalyptus plantation. The grey
vertical lines represent the minimum sampling effort for each treatment

of the number of species estimated for these habitats, respectively. Despite having the
greatest sampling effort (total transect length), estimated species richness was still lower in
the EUC than for any other habitat category (Fig. 2). Approximately twice as many species
were recorded in the conserved savanna (G-SAV and F-SAV) in comparison to the
eucalyptus plantation (EUC).

Based on the confidence intervals of the species richness estimates for the grassland
samples, G-SAV contained 11 more species than G-EUC, a significant difference (Fig. 3a).
However, the difference in species richness between F-SAV and F-EUC was not significant
(Fig. 3b). Even the grassland remnants within the eucalyptus plantation (G-EUC) had a
mean of four more species than the eucalyptus plantation (Fig. 3a), and the forest remnants
(F-EUC) had six more species, on average (Fig. 3b).

Together, the savanna habitats (G-SAV + F-SAV + G-EUC + F-EUC) had 15 more
mammal species than the plantations (EUC). Similarly, the conserved savanna (G-
SAV + F-SAV) had 12 species more than the eucalyptus plantation (EUC), and the
savanna remnants (G-EUC + F-EUC), ten more species (Fig. 4).

Based on the confidence intervals, there was no significant difference in estimated
richness between conserved savanna (G-SAV + F-SAV) and the remnants (G-EUC + F-
EUC) within the plantations (Fig. 4). The ANOVA (F 13 = 3.956 p = 0.045) found
significant differences between conserved savanna and the eucalypt plantation (Tukey test:
p = 0.030) and between savanna remnants and the plantation (p = 0.046). However, as for
the confidence interval, there was no significant difference in mammalian species richness
between the conserved and remnant savanna samples (Tukey test: p = 0.942).

No statistical difference in abundance (F(; 9y = 0.847, p = 0.381) was detected among
the conserved savanna habitats (Fig. 5a). Similar results (F> 5y = 0.570, p = 0.587) were
obtained when we compared conserved savannas with the remnant savannas and the
eucalypt plantation (Fig. 5b).

The ordination NMDS analysis clustered all eucalyptus plantation samples together,
separately from the other categories. There was also a clear separation between the samples
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Fig. 3 Estimates of species richness for medium and large mammals in Amazon savanna in Amapa, Brazil,
based on rarefaction curves with confidence intervals. a G-SAV conserved savanna grassland, G-EUC
remnant savanna grassland, EUC eucalyptus plantation, b F-SAV conserved savanna forest, F-EUC remnant
savanna forest
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Fig. 4 Estimates of species richness for medium and large mammals in Amazon savanna in Amapa, Brazil,
based on rarefaction curves. G-SAV + F-SAV conserved savanna (grassland and forest), G-EUC + F-EUC
savanna remnants (grassland and forest), EUC eucalyptus plantation. The bars represent the 95 %
confidence interval

from forest (F-SAV + F-EUC) and grassland savanna (G-EUC + G-SAV), reflecting the
distinct mammal assemblages of these habitats (Fig. 6). These findings were supported by
the ANOSIM, which confirmed that the differences among groups were significant
(R = 0.229, p = 0.023).

Discussion
The patchwork landscape of eucalyptus plantations and natural savanna vegetation proved

effective for the maintenance of almost 80 % of the medium and large mammal species
found in the region’s savannas. However, it is clear that the savanna remnants are
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Fig. 5 a Abundance of medium and large mammals in different savanna habitats in Amapa, Brazil.
b Abundance of medium and large mammals in different treatments. G-SAV + F-SAV conserved savanna
(grassland and forest), G-EUC + F-EUC savanna remnants (grassland and forest), EUC eucalyptus
plantation. The bars represent the 95 % confidence interval

necessary for the maintenance of mammalian diversity in this landscape. While the
maintenance of almost 50 % of the original vegetation in the patchwork landscape was
important here, the role of the plantations as wildlife corridors, guaranteeing the perme-
ability of the matrix, was probably a key factor favoring the maintenance of high mam-
malian diversity in this landscape (Hansen et al. 1991; Hartmann et al. 2010).

Most studies of mammals in the Cerrado savannas of central Brazil have highlighted the
gallery forest as the habitat richest in species, acting as natural corridors for the dispersal of
mammals within the grasslands (Mares et al. 1986; Redford and Fonseca 1986; Johnson
et al. 1999). In the present study, however, the savanna grassland was the richest habitat.
This indicates that, in the Amazon, the savanna grasslands are as important as its forests for
the conservation of mammals, and probably also that both types of habitat are strongly
influenced by the surrounding Amazon rainforest. In the savannas of central Brazil, the
mammalian communities of the gallery forests appear to reflect the influence of both the
Amazon and Atlantic rainforests, the adjacent biomes (Mares et al. 1986; Redford and
Fonseca 1986; Johnson et al. 1999).

In addition, the drastic reduction of species richness between continuous savanna
grassland and the remnants of this habitat was more pronounced than that found between
the forest habitats. In fact, the habitat richest in species habitat has also been the most
affected by the loss of biodiversity, given that most of the local savanna grasslands have
been replaced by eucalyptus plantations.

While our study has shown that the plantation mosaic can maintain a high diversity of
mammals, mammal species richness declined drastically in the eucalyptus plantations
(Barlow et al. 2007b; Brockerhoff et al. 2008). The presence of eight species in the
plantation nevertheless indicates that some mammals are at the very least using this habitat
to move between savanna remnants. With the exception of two records of herbivorous
mammals feeding on understory (non-eucalyptus) plants, we found no evidence that
mammals use the plantation for any other purpose than to access remnants of natural
habitat within the matrix. Our conclusion is that, for medium and large mammals, the
eucalyptus plantation is a permeable matrix but does not replace the original savanna in
any meaningful way, in particular with regard to feeding resources.

These effects may be less deleterious in other more degraded or naturally species-poor
landscapes, such as temperate forests, where eucalyptus plantations may even improve
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wildlife conservation (Brockerhoff et al. 2008; Hartmann et al. 2010; Mazzolli 2010). It
has been shown that a permeable matrix connecting habitats allows animal movements
throughout the landscape and thus maintains processes essential to the persistence of
carnivore populations (Lyra-Jorge et al. 2010). Our results indicate that the eucalyptus
plantation has a function in connecting the patches of savanna vegetation, and this may
contribute to the diversity of the carnivore assemblage in this patchwork landscape.

The simplification of the habitat caused by replacing the savanna with eucalyptus
plantations may affect different mammal species in different ways (Barlow et al. 2007a,
2008; Louzada et al. 2010). In particular, the frugivores and arboreal mammals, such as P.
flavus and primates, were the most affected, probably due to the lack of food resources,
simplification of the forest strata for locomotion, and high exposure to predators (Vilela
2007; Nasi et al. 2008), but even the terrestrial frugivores seem to have been affected
considerably, especially by the lack of feeding resources.

While the total abundance of medium and large mammals has not been affected, most of
the records in the eucalyptus plantation were of large herbivorous ungulates. This group
may often increase in abundance in areas of eucalyptus plantation or other types of
anthropogenic forest (Lindenmayer et al. 2003; Parry et al. 2007; Meijaard and Sheil 2008;
Andrade-Nufiez and Aide 2010). Species such as M. americana and M. nemorivaga are
ecologically flexible and are able to eat different plant parts, such as shoots, stems, flowers,
fruits, and leaves (Dirzo and Miranda 1990; Gayot et al. 2004). These are probably the only
species that are able to inhabit the eucalyptus plantations permanently (Bulinski and
McArthur 2003; Andrade-Nufez and Aide 2010; Brockerhoff et al. 2013).
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We conclude that for the conservation of mammals in Amazonian savanna, it is
essential to maintain patches of savanna habitat within the eucalyptus plantations,
including the maximum possible diversity of vegetation types and connectivity among
fragments. As in other tropical ecosystems, the heterogeneity of natural habitats contrib-
utes considerably to biodiversity levels (Umetsu et al. 2008; Barlow et al. 2008; Price et al.
2010). Following this approach, it may be possible to minimize the loss of biodiversity
caused by the establishment of eucalyptus plantations in the savannas of the Amazon basin.

Acknowledgments We are grateful to AMCEL - AMAPA FLORESTAL E CELULOSE S.A. for per-
mission to conduct research at the study sites. We also thank Fabio Carvalho, Jonathan Ready, Stephen
Ferrari, and Gustavo Ruiz for their scientific contributions and help with the correction of the English.

References

Alho CJR, Pereira LA, Costa AP (1986) Patterns of habitat utilization by small mammal populations in
Cerrado biome of Central Brazil. Mammalia 50:447-460

Andrade-Nuiiez MJ, Aide TM (2010) Effects of habitat and landscape characteristics on medium and large
mammal species richness and composition in northern Uruguay. Zoologia 27:909-917. doi:10.1590/
$1984-46702010000600012

Barlow J, Gardner TA, Araujo IS, Avila-Pires TC, Bonaldo AB, Costa JE et al (2007a) Quantifying the
biodiversity value of tropical primary, secondary, and plantation forests. Proc Natl Acad Sci USA
104:18555-18560. doi:10.1073/pnas.0703333104

Barlow J, Mestre LMA, Gardner TA, Peres CA (2007b) The value of primary, secondary and plantation
forests for Amazonian birds. Biol Conserv 14:801-822. doi:10.1111/5.1365-2664.2007.01347.x

Barlow J, Aratjo IS, Overal WL, Gardner TA, Silva Mendes F, Lake IR, Peres CA (2008) Diversity and
composition of fruit-feeding butterflies in tropical eucalyptus plantations. Biodivers Conserv
17:1089-1104. doi:10.1007/s10531-007-9240-0

Brockerhoff EG, Jactel H, Parrota JA, Quine CP, Sayer J (2008) Plantation forests and biodiversity:
oxymoron or opportunity? Biodivers Conserv 17:925-951. doi:10.1007/s10531-008-9380-x

Brockerhoff EG, Jactel H, Parrota JA, Ferraz SFB (2013) Role of eucalypt and other planted forests in
biodiversity conservation and the provision of biodiversity-related ecosystem services. Forest Ecol
Manag. doi: 10.1016/j.foreco.2012.09.018

Buckland ST, Anderson DR, Burnham KP, Laake JL, Borchers DL, Thomas L (2004) Advanced distance
sampling: estimating abundance of biological populations. Oxford University Press, Oxford

Bulinski J, McArthur C (2003) Identifying factors related to the severity of mammalian browsing damage in
eucalypt plantations. For Ecol Manag 183:239-247

Cardinale BJ, Palmer MA, Collins SL (2002) Species diversity enhances ecosystem functioning through
interspecific facilitation. Nature 415:426—429. doi:10.1038/415426a

Cole MM (1960) Cerrado, caatinga and pantanal: the distribution and origin of the savanna vegetation of
Brazil. Geogr J 126:168-179

Colwell RK (2005) Estimates: statistical estimation of species richness and shared species from samples,
version 7.5. User’s guide and application. http://viceroy.eeb.uconn.edu/estimates (accessed 19 Nov
2012)

Davidson EA, Aratjo AC, Artaxo P, Balch JK, Brown IF, Bustamante MMC, Coe MT, DeFries RS, Keller
M, Longo M, Munger JW, Schroeder M, Soares-Filho B, Souza CM, Wofsy SC (2012) The Amazon
basin in transition. Nature 481:321-328. doi:10.1038/nature10717

Delaney C, Reed D, Clarke M (2000) Describing patient problems and nursing treatment patterns using
nursing minimum data sets (NMDS and NMMDS) and UHDDS repositories. In: Proceedings of the
American Medical Informatics Association symposium, pp 176-179

Dirzo R, Miranda A (1990) Contemporary Neotropical defaunation and forest structure, function, and
diversity. Conserv Biol 4:444-447

Downing AL, Leibold MA (2002) Ecosystem consequences of species richness and composition in pond
food webs. Nature 416:837-841. doi:10.1038/416837a

Eiten G (1972) The Cerrado vegetation of Brazil. Bot Rev 38:201-341

Ellis EC, Antill EC, Kreft H (2012) All is not loss: plant biodiversity in the Anthropocene. PLoS ONE
7(1):¢30535. doi:10.1371/journal.pone.0030535

@ Springer


http://dx.doi.org/10.1590/s1984-46702010000600012
http://dx.doi.org/10.1590/s1984-46702010000600012
http://dx.doi.org/10.1073/pnas.0703333104
http://dx.doi.org/10.1111/j.1365-2664.2007.01347.x
http://dx.doi.org/10.1007/s10531-007-9240-0
http://dx.doi.org/10.1007/s10531-008-9380-x
http://dx.doi.org/10.1016/j.foreco.2012.09.018
http://dx.doi.org/10.1038/415426a
http://viceroy.eeb.uconn.edu/estimates
http://dx.doi.org/10.1038/nature10717
http://dx.doi.org/10.1038/416837a
http://dx.doi.org/10.1371/journal.pone.0030535

Biodivers Conserv (2014) 23:3171-3184 3183

Gardner TA, Ribeiro-Jinior MA, Barlow J, Avilla-Pires TC, Hoogmoed MS, Peres CA (2007) The value of
primary, secondary, and plantation forests for a Neotropical herpetofauna. Conserv Biol 21:775-787.
doi:10.1111/5.1523-1739.2007.00659.x

Gardner TA, Hernandez MIM, Peres CA (2008) Understanding the biodiversity consequences of habitat
change: the value of secondary and plantation forests for neotropical dung beetles. J Appl Ecol. doi: 10.
1111/1.1365-2664.2008.01454.x

Gardner TA, Barlow J, Chazdon R, Ewers RM, Harvey CA, Peres CA, Sodh NS (2009) Prospects for
tropical forest biodiversity in a human-modified world. Ecol Lett. doi: 10.1111/j.1461-0248.2009.
01294.x

Gayot M, Henry O, Dubost G, Sabatier D (2004) Comparative diet of the two forest cervids of the genus
Mazama in French Guiana. J Trop Ecol 20:31-43. doi:10.1017/50266467404006157

Gotelli NJ, Colwell RK (2001) Quantifying biodiversity: procedures and pitfalls in the measurement and
comparison of species richness. Ecol Lett 4:379-391

Hansen AJ, Spies TA, Swanson FJ, Ohmann JL (1991) Conserving biodiversity in managed forests: lessons
from natural forests. Bioscience 41:382-392

Hartmann H, Daoust G, Bigué B, Messier C (2010) Negative or positive effects of plantation and intensive
forestry on biodiversity: a matter of scale and perspective. For Chron 86:354-364

Harvey CA, Gonzalez J, Somarriba E (2006a) Dung beetle and terrestrial mammal diversity in forest,
indigenous agroforestry systems and plantain monocultures in Talamanca, Costa Rica. Biodivers
Conserv 15:555-585. doi:10.1007/s10531-005-2088

Harvey CA, Medina A, Sanchez DM, Vilchez S, Hernandez B, Saenz JC, Maes JM, Casanoves F, Sinclair
FL (2006b) Patterns of animal diversity in different forms of tree cover in agricultural landscapes. Ecol
Appl 16:1986-1999. doi:10.1890/1051-0761

IBGE (2011) Produgdo da extracdo vegetal e da silvicultura. http://www.ibge.gov.br/home/estatistica/
economia/pevs/2010/pevs2010.pdf (accessed 14 Nov 2012)

Johnson MA, Saraiva PM, Coelho D (1999) The role of gallery forests in the distribution of Cerrado
mammals. Rev Bras Biol 59:421-427

Laliberté E, Lambers H, Norton DA, Tylianakis JM, Huston MA (2013) A long-term experimental test of
the dynamic equilibrium model of species diversity. Oecologia. doi: 10.1007/s00442-012-2417-6

Lindenmayer DB, Fischer J (2006) Habitat fragmentation and landscape change. Island Press, Washington

Lindenmayer DB, Hobbs R, Salt D (2003) Plantation forests and biodiversity conservation. Aust For
66:62-66

Lo Man Hung NF, Gardner TA, Ribeiro-Junior MA, Barlow J, Bonaldo AB (2008) The value of primary,
secondary, and plantation forests for Neotropical epigeic arachnids. J Arachnol 36:394-401

Louzada J, Gardner TA, Peres C, Barlow J (2010) A multi-taxa assessment of nestedness patterns across a
multiple-use Amazonian forest landscape. Biol Conserv 143(2010):1102-1109. doi:10.1016/j.biocon.
2010.02.003

Lyra-Jorge MC, Ribeiro MC, Ciocheti G, Tambosi LR, Pivello VR (2010) Influence of multi-scale land-
scape structure on the occurrence of carnivorous mammals in a human-modified savanna, Brazil. Eur J
Wildl Res. doi: 10.1007/s10344-009-0324-x

Mares MA, Ernest KA, Gettinger RD (1986) Small mammal community structure and composition in the
Cerrado province of Central Brazil. J Trop Ecol 2:289-300

Mazzolli M (2010) Mosaics of exotic forest plantations and native forests as habitat of pumas. Environ
Manag 46:237-253

Meijaard E, Sheil D (2008) The persistence and conservation of Borneo’s mammals in lowland rain forests
managed for timber: observations, overviews and opportunities. Ecol Res 23:21-34. doi:10.1007/
$11284-007-0342-7

Naeem S (2002) Ecosystem consequences of biodiversity loss: the evolution of a paradigm. Ecology
83:1537-1552

Nasi R, Kopone P, Poulsen JG, Buitenzorgy M, Rusmantoro W (2008) Impact of landscape and corridor
design on primates in a large-scale industrial tropical plantation landscape. Biodivers Conserv
17:1105-1126. doi:10.1007/s10531-007-9237-8

Paglia AP, Fonseca GAB, Rylands AB, Herrmann G, Aguiar LMS, Chiarello AG, Leite YLR, Costa LP,
Siciliano S, Kierulff MCM, Mendes SL, Tavares VC, Mittermeier RA, Patton J L (2012) Annotated
checklist of Brazilian mammals, 2nd edn. In: Occasional papers in conservation biology, no. 6.
Conservation International, Arlington, VA

Parry L, Barlow J, Peres CA (2007) Large-vertebrate assemblages of primary and secondary forests in the
Brazilian Amazon. J Trop Ecol 23:653-662. doi:10.1017/S0266467407004506

Pifsterer AB, Schmid B (2002) Diversity-dependent production can decrease the stability of ecosystem
functioning. Nature 416:84—86. doi:10.1038/416084a

@ Springer


http://dx.doi.org/10.1111/j.1523-1739.2007.00659.x
http://dx.doi.org/10.1111/j.1365-2664.2008.01454.x
http://dx.doi.org/10.1111/j.1365-2664.2008.01454.x
http://dx.doi.org/10.1111/j.1461-0248.2009.01294.x
http://dx.doi.org/10.1111/j.1461-0248.2009.01294.x
http://dx.doi.org/10.1017/S0266467404006157
http://dx.doi.org/10.1007/s10531-005-2088
http://dx.doi.org/10.1890/1051-0761
http://www.ibge.gov.br/home/estatistica/economia/pevs/2010/pevs2010.pdf
http://www.ibge.gov.br/home/estatistica/economia/pevs/2010/pevs2010.pdf
http://dx.doi.org/10.1007/s00442-012-2417-6
http://dx.doi.org/10.1016/j.biocon.2010.02.003
http://dx.doi.org/10.1016/j.biocon.2010.02.003
http://dx.doi.org/10.1007/s10344-009-0324-x
http://dx.doi.org/10.1007/s11284-007-0342-7
http://dx.doi.org/10.1007/s11284-007-0342-7
http://dx.doi.org/10.1007/s10531-007-9237-8
http://dx.doi.org/10.1017/S0266467407004506
http://dx.doi.org/10.1038/416084a

3184 Biodivers Conserv (2014) 23:3171-3184

Price B, Kutt AS, McAlpine CA (2010) The importance of fine-scale savanna heterogeneity for reptiles and
small mammals. Biol Conserv 143:2504-2513. doi:10.1016/j.biocon.2010.06.017

Redford KH, Fonseca GAB (1986) The role of gallery forests in the zoogeography of the Cerrado’s non-
volant mammalian fauna. Biotropica 18(2):126-135

Rezendes P (1999) Tracking and the art of seeing: how to read animal tracks and signs. Harper Perennial,
New York

Rodrigues ASL, Ewers RM, Parry L, Souza C Jr, Verissimo A, Balmford A (2009) Boom-and-bust
development patterns across the Amazon deforestation frontier. Science 324:1435-1437. doi:10.1126/
science.1174002

Thoisy B, Brosse B, Dubois MA (2008) Assessment of large-vertebrate species richness and relative
abundance in Neotropical forest using line-transect censuses: what is the minimal effort required?
Biodivers Conserv 17:2627-2644. doi:10.1007/s10531-008-9337-0

Umetsu F, Metzger JP, Pardini R (2008) Importance of estimating matrix quality for modeling species
distribution in complex tropical landscapes: a test with Atlantic forest small mammals. Ecography. doi:
10.1111/1.2008.0906-7590.05302.x

Vilela SL (2007) Simpatria e dieta de Callitrhix penicillata (Hershkovitz) (Callitrichidae) e Cebus libidi-
nosus (Spix) (Cebidae) em matas de galleria do Distrito Federal, Brasil. Rev Bras Zool 24:601-607

Wright SJ, Muller-Landau HC (2006) The future of tropical forest species. Biotropica 38:287-301. doi:10.
1111/§.1744-7429.2006.00154.x

Zar JH (2008) Biostatistical analysis. Prentice-Hall Press, New Jersey

@ Springer


http://dx.doi.org/10.1016/j.biocon.2010.06.017
http://dx.doi.org/10.1126/science.1174002
http://dx.doi.org/10.1126/science.1174002
http://dx.doi.org/10.1007/s10531-008-9337-0
http://dx.doi.org/10.1111/j.2008.0906-7590.05302.x
http://dx.doi.org/10.1111/j.1744-7429.2006.00154.x
http://dx.doi.org/10.1111/j.1744-7429.2006.00154.x

	The role of remnants of Amazon savanna for the conservation of Neotropical mammal communities in eucalyptus plantations
	Abstract
	Introduction
	Methods
	Study area
	Sample methods
	Analyses

	Results
	Discussion
	Acknowledgments
	References


