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Abstract

We examined the community composition and abundance of
small mammals in the vertical strata of gallery forests and
woodland savannahs in south-western Brazil. Captures were
carried out during the winter and summer months of 2006/
2007. Traps were set in three transect lines per habitat, with
10 capture stations on each line. Each station had three traps:
on the ground, in the understorey (2—3 m in height), and in
the canopy (8—10 m) in each physiognomy. With an effort
of 3600 trap-nights, 11 species of small mammals were cap-
tured, which were distributed differently regarding the forest
physiognomies and utilisation of vertical strata. The species
showed a high degree of habitat segregation in the two phys-
iognomies, with only the climbing-rat Rhipidomys macrurus
found in both habitats. The correspondence analysis revealed
that Caluromys philander occurred mostly in the canopy;
Cryptonanus agricolai, Marmosa murina, and Oecomys
bicolor in the understorey; and Gracilinanus agilis and
Nectomys rattus on the ground. The utilisation of traps in
different strata increased species richness in the Cerrado
biome, showing that the small-mammal community is dis-
tributed along the vertical complexity of the forest and even
in different physiognomies, enabling more species to coexist.

Keywords: Cerrado biome; coexistence; environmental
complexity; marsupials; rodents.

Introduction

The abundance, richness, and diversity of species in small-
mammal communities in the Neotropics can be related to the
heterogeneity and complexity of the habitat (August 1983,
Fernandez and Gentile 1999, Grelle 2003, Vieira and Palma
2005).

Small mammals can be classified into four guilds in rela-
tion to their vertical activity. One guild comprises strictly
terrestrial species; a second guild comprises scansorial spe-

cies that mainly use the ground and the lower strata of the
forest; the third guild comprises scansorial species that use
the ground, the understorey, and the canopy as well; and the
fourth guild is formed mainly by arboreal species. Differ-
ences in vertical habitat utilisation are indeed a result of the
interspecific competition (Vieira and Monteiro-Filho 2003,
Begon et al. 2006).

In Brazil, studies related to the vertical forest utilisation
by small mammals have been performed mostly in the Atlan-
tic Forest (Vieira 1998, Graipel 2003, Graipel et al. 2003,
Grelle 2003, Vieira and Monteiro-Filho 2003) and in the
Amazon Forest (Malcolm 1991, 1995, Lambert et al. 2005).
The community structure of small-mammal species regarding
vertical forest utilisation in the Cerrado biome has remained
unknown.

Most of the studies on small-mammal ecology carried out
in the Cerrado biome have focussed on habitat heterogeneity
(Alho 1981, Mares et al. 1986, 1989, Lacher and Alho 2001,
Bonvicino et al. 2005, Ribeiro and Marinho-Filho 2005,
Vieira and Palma 2005), and none of them has treated the
vertical forest complexity. This could be related to the more
heterogeneous landscape of the Cerrado biome, although dis-
cernible habitat complexity can be easily seen in the gallery
forests and woodland savannahs.

The aim of this study was to examine the community com-
position and abundance of small mammals along the vertical
strata in gallery forests and woodland savannahs of south-
western Brazil. Our hypotheses were that: (1) Are species
segregated on a vertical gradient? If not, is this because
woodland savannah is not stratified, and/or is this because
canopy is very low? These questions are based on the fact
that the Cerrado biome has woodland formations with highly
variable canopy height ranging from 14 to 30 m, sometimes
exhibiting a complex physiognomy (Ribeiro and Walter
1998). In the study region, canopy height of woodland
savannah ranges from 7 to 12 m on average (Caceres et al.
2010), being lower than expected. Thus, based on this, our
questions would be explained by a weak or no evidence of
segregation in the vertical space, at least in this region. (2)
Are species composition and relative abundance of the small-
mammal community in vertical strata similar between two
vegetation physiognomies (gallery forest and woodland
savannah)? This study was carried out in south-western Bra-
zil, a region in the southern portion of the Cerrado biome
which remains unknown with regard to small-mammal ecol-
ogy and mainly community structure. In addition, we exam-
ined environmental factors related to vegetation complexity
in both physiognomies, to examine their influence on the
faunal structure.
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Material and methods

Study area

The study areas comprised three replicates for both the gal-
lery forest (GF1, GF2, GF3) and woodland savannah (WS,
WS2, WS3) physiognomies, located in two adjacent munic-
ipalities within the southern Cerrado biome. For gallery for-
est, the first and second sites were set at the Cdérrego das
Antas stream, GF1 (20°27'18” S, 55°34'6” W), and at its
tributary, 400 m distant, the Corrego do Jamil, GF2
(20°27'19” S, 55°33'52" W); the third site, 10 km distant
from these, was set at the Cérrego da Divisa, GF3 (20°27'16"
S, 55°29'52" W). All these streams are tributaries of the
Aquidauana River (Figure 1). Concerning woodland savan-
nah, the first site was located in one 40-ha fragment, WS1
(20°31'15" S, 55°17'55” W), and the other two 3 km distant

from this site, situated in a 400-ha remnant. The distance
between these two other sampling sites (WS2: 20°33'27" S,
55°17'44" W; WS3: 20°33'47" S, 55°17'49” W) was 800 m
within the 400-ha savannah remnant (Figure 1). The mini-
mum distances among the three sampling sites in gallery
forests were 400 m between GF1 and GF2, and the maxi-
mum distance was 7 km between GF2 and GF3. The study
area comprised a maximum linear distance of 35 km between
the GF1 and WS3 sites.

Animal trapping

Captures were made quarterly, during August/September and
November/December 2006, and February/March and May/
June 2007, evenly encompassing both dry and wet seasons.
The trapping campaigns extended for 5 days in each field
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(A) Map of the State of Mato Grosso do Sul, Brazil, showing the municipalities of Aquidauana (clear grey) and Dois Irmaos

do Buriti (dark grey); (B) aerial photograph showing the three points of gallery forest (GF1, GF2, and GF3); (C) aerial photograph showing

the three points of woodland savannah (WS1, WS2, and WS3).
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phase for both gallery forest and woodland savannah, total-
ling four field phases for each sampling site.

Captures were made in the two physiognomies (gallery
forest and woodland savannah) by placing one transect line
at each site (GF1, GF2, GF3, WS1, WS2, and WS3), each
one comprising 10 sampling stations. Each sampling station
comprised three traps: one on the ground, one in the under-
storey (2—3 m), and another in the canopy (8§—10 m), total-
ling 90 traps installed per physiognomy (30 on the ground,
30 in the understorey, and 30 in the canopy). The distance
between adjacent capture stations along a given transect line
was 20 m. The traps were of two different types and sizes:
small (7.5X9X30 cm) and large (12X14X40 cm) Sherman
traps, and small (13X13X34 cm) and large (17X17X45 cm)
Young traps. The traps were installed alternately so that each
trap type and size was used in the different strata and phys-
iognomies. The canopy traps were hung from a rope system
that made it possible to connect them easily to the branches.

The bait used was a mixture of banana, squash, bacon,
and cod liver oil, which had been previously used success-
fully in the region (Caceres et al. 2010).

Traps were examined every morning for captures. The
method we utilised was capture, mark (with ear perforation
by means of small round holes) (Monteiro-Filho and Abe
1999), and recapture. Some individuals that we could not
identify with certainty in the field were removed for system-
atic identification.

Species were identified according to the nomenclature uti-
lised by Wilson and Reeder (2005), with addition of other
systematic studies (Bonvicino et al. 1996b, 2002a,b, Voss et
al. 2005, Carmignotto and Monfort 2006). Animals collected
were identified and deposited at the Universidade Federal de
Santa Maria mammal collection.

Environmental parameters

The forest structure was measured for six vegetation para-
meters at each capture station. (1) Stratification was meas-
ured as an imaginary vertical column with a diameter of 3 m,
counting how many butleries (coverage planes) were formed
in that column up to the canopy. (2) Branch density was
defined as the number of tree branches present in this last
column. (3) Canopy density was measured at five points at
each capture station, one at the central point and the other
four at a distance of 3 m (to the north, south, east, and west),
by counting leave obstruction in a mirror containing 37 small
squares corresponding to 100% of the canopy area. (4) Tree,
(5) shrub, and (6) liana densities were measured by counting
individuals/structures to a 3-m radius from the central point
of the sampling station. These environmental parameters are
important factors in determining the forest quality for Neo-
tropical small mammals (Pardini et al. 2005). To assess our
hypotheses, tree density was measured and intended as a
parameter that correlates with canopy height in the region,
as there is a direct correlation between these two variables
in woodland savannah (Caceres et al. 2010). In addition, ver-
tical complexity was evaluated by the stratification variable.

Data analysis

For characterising small-mammal community structure, two
variables were utilised in each physiognomy: composition
and abundance. The capture success (number of captures
divided by the total effort, multiplied by 100) was calculated
for each vertical stratum.

Small-mammal species with at least five captures were
used to examine the degree of association between faunal
composition/abundance and utilisation of the vertical strata.
For this purpose, Correspondence Analysis was performed
(Past Software; Hammer et al. 2001), followed by a x*-test
(Bioestat 4.0 Software; Ayres et al. 2005), because this
allows one to examine the significance of these associations.

We utilised the t-test to examine the differences between
the environmental vegetation parameters at the 60 capture
stations (30 in gallery forest and 30 in woodland savannah)
during the wet season only, because during the dry season
stratification and foliage density were not present in the
woodland savannah. Pearson’s linear correlation analysis was
used to examine the degree of relationship among the six
vegetation parameters sampled at the 39 capture stations for
which small mammals were captured. Both tests were
applied using the Bioestat Software 4.0 (Ayres et al. 2005).
Pearson’s correlation test was used prior to the subsequent
analyses, to exclude auto-correlated variables.

To examine the degree of association among small mam-
mals and environmental parameters, we used small-mammal
species with at least five captures in total. Environmental
parameters were: physiognomy (gallery forest and woodland
savannah), season (dry and wet) and vegetation parameters
that were retained after the Pearson’s correlation analysis for
auto-correlated variables. The test used was the Canonical
Correspondence Analysis (Past Software; Hammer et al.
2001). Relationships among environmental and faunal para-
meters were assessed by means of the Bartlett test (Bioestat
4.0; Ayres et al. 2005).

Results

For a total sampling effort of 3600 trap-nights, 58 captures
representing 50 individuals belonging to 11 species (six mar-
supials and five rodents) were made in the two physiogno-
mies. An equal number of species was recorded for the two
physiognomies (n=6). Three (27%) of the 11 species were
captured exclusively in arboreal traps (Table 1). According
to stratum, trapping success was high in the understorey for
gallery forests and high on the ground for woodland savannah.

In gallery forest, 33 captures were made, representing 28
individuals (capture success=1.8%; sampling effort=1800
trap-nights). We captured three marsupial species and three
rodent species in the gallery forests. Among marsupials,
Marmosa murina occurred in all three strata but mainly in
the understorey; Micoureus constantiae was captured only
once, in the understorey; and Caluromys philander was cap-
tured mainly in the canopy. Among rodents, Nectomys rattus
was exclusively terrestrial; Rhipidomys macrurus was cap-
tured only once, in the understorey; and Oecomys bicolor
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Table 1 Number of individuals and capture success of small mammals in gallery forest and woodland savannah of south-western Brazil.

Species Gallery forest Woodland savannah
Ground Understorey Canopy Ground Understorey Canopy
Didelphimorphia
Caluromys philander* 0 2 4(1) 0 0 0
Cryptonanus agricolai 0 0 0 1 5 0
Gracilinanus agilis 0 0 0 6 (1) 3(1) 0
Marmosa murina 2 5(1) 0®2) 0 0 0
Micoureus constantiae® 0 1 0 0 0 0
Thylamys macrurus 0 0 0 1 0 0
Rodentia
Necromys lasiurus 0 0 0 1 () 0 0
Nectomys rattus 6 0 0 0 0 0
Oecomys bicolor 2 4 (1) 1 0 0 0
Rhipidomys macrurus® 0 1 0 0 0 1
Thrichomys pachyurus 0 0 0 4 0 0
Capture success (%) 1.66 2.50 1.33 2.50 1.50 0.16
Total captures 10 15 8 15 9 1

Parentheses indicate recapture numbers.
“Indicates species captured only in arboreal traps.

occurred in all three strata but mainly in the understorey
(Table 1).

In woodland savannah, 25 captures representing 22 indi-
viduals were made (1.4%; 1800 trap-nights). We captured
three marsupial species and three rodent species in this phys-
iognomy. Among marsupials, Gracilinanus agilis was cap-
tured both on the ground and in the understorey, but mainly
on the ground; Cryptonanus agricolai was captured more in
the understorey; and Thylamys macrurus was captured only
once, on the ground. Among rodents, Necromys lasiurus and
Thrichomys pachyurus occurred exclusively on the ground;
whereas R. macrurus was the only species recorded in the
canopy of the woodland savannah, and also the only species
recorded in both physiognomies.

The first two axes extracted from the Correspondence
Analysis explained 99.5% of the total variance in the use of
vertical strata among the 39 capture stations where animals
were caught. The x-test showed a high degree of association
among the small-mammal species and their utilisation of ver-
tical strata (x?=35.48; DF=10; p=0.0001). The marsupial
G. agilis and the rodent N. rattus were associated with the
ground, representing 52% of the captures in this stratum. The
marsupials C. agricolai and M. murina and the rodent O.
bicolor were associated with the understorey, representing
67% of captures in this stratum; this was the most species-
rich stratum. Caluromys philander was the only species asso-
ciated with the canopy, being captured only in gallery forests,
and representing 56% of the captures in this stratum (Figure
2).

Branch density and tree density were the only parameters
that did not show a difference between the two physiogno-
mies (p>0.05). Shrub density was significantly higher in
woodland savannahs, whereas stratification, lianas, and
mainly foliage density were significantly higher in gallery
forests (Table 2).

We obtained only positive correlations between each veg-
etation parameter, i.e., between stratification and canopy den-

sity (r=0.36; p=0.02), trees and shrubs (r=0.32; p=0.04),
and branches and canopy density (r=0.34; p=0.04), showing
that these correlated parameters would have the same effect
when used in the canonical analysis. Thus for the canonical
analysis between fauna and environment, the following veg-
etation parameters were used: stratification, tree density, liana
density, and branch density.

The first two axes of the Canonical Correspondence Anal-
ysis between faunal and environmental parameters corre-
sponded to 97% of the total variance (b=14.79; DF=38;
p=0.01). The wet season was not important in explaining
variance, being associated with axis 2 (explaining only
15.5% of the variation). Axis 1 alone could explain 81.6%
of the variance. Axis 1 could best explain most of the vari-
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Figure 2 Correspondence Analysis (x>=35.48; DF=10; p=0.0001)
associating small mammal species with the vertical strata in gallery
forest and woodland savannah physiognomies of south-western
Brazil. Legends for species: Cp=C. philander, Ca=C. agricolai,
Ga=G. agilis, Mm=M. murina, and rodents: Nr=N. rattus and
Ob=0. bicolor.
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Table 2 Means and standard deviations for data of vegetation parameters measured during the wet season at 60 capture stations of both
physiognomies studied (gallery forest and woodland savannah) of a Cerrado region in south-western Brazil.

Woodland savannah Gallery forest t-Test p-Value
Stratification 1.2+0.4 1.610.6 -2.3799 0.02%*
Number of trees 2.6+0.9 2.1£1.2 1.8522 0.07
Number of shrubs 59+1.6 48122 2.2302 0.03%*
Number of branches 2.5%1.0 29+1.2 -1.3504 0.18
Canopy density (%) 789154 90.4+10.7 -3.3537 0.001 %
Number of lianas 1.3£1.3 2.612.8 -2.3618 0.02*

*p<0.05; **p<0.01.

ation, accounting for differences between fauna and physi-
ognomies during the dry season, which was the season when
most captures happened. There was a marked association
between C. agricolai and G. agilis with the woodland savan-
nah, as well as another important association between C.
philander, M. murina, N. rattus, and O. bicolor and gallery
forests. Liana density was the best environmental descriptor
for those species correlated with the gallery forest, observing
axis 1 (Figure 3, right).

Discussion

Our balanced sampling at different forest heights for the two
physiognomies added real knowledge on small mammal
community structure, provided that similar studies no longer
used this protocol.

Several studies have pointed out the importance of arbo-
real captures for the evaluation of the species composition
of small-mammal communities (Malcolm 1995, Graipel
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Figure 3 Canonical Correspondence Analysis showing the asso-
ciation ($p=14.79; DF=38; p=0.01) between faunal (black point)
and environmental parameters (white point) in a region of the Cer-
rado biome in south-western Brazil. Legends for species: Cp=C.
philander, Ca=C. agricolai, Ga=G. agilis, Mm=M. murina, Nr=N.
rattus, and Ob=Q0. bicolor; for environmental parameters:
WS=woodland savannah and GF=gallery forest; season: dry and
wet; vegetation parameters measured: TR=tree density, ST=strati-
fication, LI=liana density, BR=branch density.

2003, Grelle 2003, Vieira and Monteiro-Filho 2003, Lambert
et al. 2005). Ecological studies carried out elsewhere in the
Cerrado biome have not used traps in the understorey or in
the canopy (Alho 1981, Mares et al. 1986, Vieira 1999,
Lacher and Alho 2001, Briani et al. 2004, Bonvicino et al.
1996a, 1997, 2005, Ribeiro and Marinho-Filho 2005), show-
ing that arboreal small-mammal species can be neglected in
focal regions, as reported by Rodrigues et al. (2002).

Therefore, the use of traps in different forest strata allows
adequate sampling of small mammals by enabling the cap-
ture of arboreal species (e.g., R. macrurus, M. constantiae,
and C. philander, which were exclusively captured in arbo-
real traps here, or other, mostly arboreal ones) that have not
previously been recorded in studies in the Cerrado (e.g.,
Mares et al. 1986, Bonvicino et al. 1996a, Vieira 1999, Lyra-
Jorge et al. 2001, Briani et al. 2004, Ribeiro and Marinho-
Filho 2005).

Despite the low abundance found in this study (11 species;
effort of 3600 trap-night), the present species richness was
similar to other studies carried out in savannah physiogno-
mies of the Cerrado biome, which have found nine species
(effort: 14,102 trap-night; Vieira 1999) and 10 species
(effort: 4120 trap-nights; Briani et al. 2004), as examples. If
we compared only gallery forest, the richness was the same
than that found in other areas of the Cerrado (Lacher and
Alho 2001). Our study had a similar pattern of capture suc-
cess when compared with other studies carried out in the
Cerrado biome, being around 2-5% (Alho 2005). Our rela-
tively low abundance was as a result of the sampling protocol
used, which has prioritised equal sampling in each vertical
stratum. As most of the captures of small mammals are
expected for the low, ground stratum (Graipel 2003, Vieira
and Monteiro-Filho 2003, Lambert et al. 2005), this protocol
would lead in fact to low rates of captures, by sampling
mainly in quality rather than in abundance. However, as
mentioned earlier and will be discussed later, species rich-
ness and composition did not suffer with this, provided that
expected, cursorial species were found in our study when
compared with a study carried out earlier in the region
(Caceres et al. 2010), except for one species of Calomys. By
contrast, our study revealed new species for the region, with
the addition of three arboreal species, C. philander, M. muri-
na, and M. constantiae.

With regard to the classification of the use of vertical stra-
tum by small mammals (Vieira 2006b), species using mainly
or exclusively the ground are placed in a ‘‘cursorial’’ guild,
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which in the study area included the marsupials 7. macrurus
and G. agilis and the rodents N. rattus, N. lasiurus, and T.
pachyurus. Thylamys macrurus was considered scansorial,
utilising mainly the ground but capable of regularly using
the understorey (Carmignotto and Monfort 2006, Caceres et
al. 2007b). Gracilinanus agilis was associated with the
ground here, although it was captured in the understorey as
well; but our report is not in accordance with a previous
classification (Vieira 2006b), which considered the species
to be arboreal. This could be related to two facts: (1) the
canopy height of woodland savannah is low in the region
(averaging 7—12 m; Caceres et al. 2010), being least complex
(Table 2), with ground and canopy staying very close to each
other, and (2) a great part of its captures occurred in the dry
season here (valid also for the marsupials C. philander and
M. murina; see Figure 3, axis 2), when individuals would
need to move over a wider range of the three-dimensional
space, including the ground level, to locate available
resources (Caceres et al. 2002). The dry season is poorer in
food resources (Malcolm 1995, Wells et al. 2004, Martins et
al. 2006) corroborating this foraging behaviour, which is
thought to facilitate capture of some species. Indeed, the con-
generic species G. microtarsus has a more arboreal habitat,
often occupying the canopy in the Atlantic Forest (Passamani
2000, Vieira and Monteiro-Filho 2003). Considering the
rodents that occurred on the ground, N. rattus showed a cur-
sorial habit here, similar to its congener N. squamipes from
the Atlantic Forest (Lambert et al. 2005, Pardini et al. 2005,
Graipel et al. 2006). Necromys lasiurus was captured only
on ground level, showing its well-known cursorial habit,
where 100% of its movements after capture have occurred
on this level (Vieira et al. 2005). Although T. pachyurus was
captured only on the ground in this study, its congener T.
apereoides is considered semi-arboreal (Reis and Pessoa
2004). Thrichomys species in fact have cursorial and semi-
arboreal habits (Oliveira and Bonvicino 2006, Bonvicino et
al. 2008), but with a cursorial habit for T pachyurus here
(N.C. Caceres unpublished data).

The marsupials C. agricolai, M. murina, and M. constan-
tiae and the rodents O. bicolor and R. macrurus were asso-
ciated with the understorey, being considered scansorial or
arboreal species here. These categories (Vieira 2006b)
include species that utilise the ground and under-
storey at a similar rate, but with occasional use of the canopy,
such as M. murina here (Lambert et al. 2005, Vieira 2006b).
Micoureus constantiae is considered essentially arboreal, uti-
lising the canopy more than the ground or the understorey
(Vieira 2006b). Partially corroborating this, studies of M.
paraguayanus in the Atlantic Forest have shown that this
species utilises the understorey more than the ground (Grai-
pel et al. 2006) or uses the understorey and canopy at similar
rates (Goulart et al. 2006). In a different pattern (similar to
G. agilis), M. constantiae was captured on the ground of a
disturbed woodland savannah area elsewhere (Caceres et al.
2007a), which could be related to the forest structure of this
area, which is probably less complex and leads arboreal spe-
cies to descend more to the ground. Another hypothesis
could be related to spatial segregation (Caceres and Montei-

ro-Filho 2006), where species of Micoureus tend to occupy
mainly a lower stratum than those species of the genus Calu-
romys, which preferentially occupies the canopy (Charles-
Dominique et al. 1981, Atramentowicz 1988, Julien-
Laferriere 1995, Lambert et al. 2005). Therefore, M. constan-
tiae was classified here as a generalist species, utilising with
similar frequency all three strata (ground, understorey, and
canopy), following Vieira (2006b).

The predominance of captures of O. bicolor in the under-
storey is in accordance with the results found for the genus
in areas of the Amazon Forest. In the southern Amazon
Forest, congeneric species were also captured mainly in the
understorey (Lambert at al. 2005), the same pattern seen in
French Guyana (Mauffrey and Catzeflis 2003) and the Atlan-
tic Forest (Vieira and Monteiro-Filho 2003). Therefore, spe-
cies of Oecomys could be considered as semi-arboreal with
substantial use of the understorey (Ochoa 2000, Lambert et
al. 2005), but sometimes descending to ground level (Bizerril
and Gastal 1997, Mauffrey and Catzeflis 2003).

Rhipidomys macrurus was the only species captured in the
canopy of the woodland savannah. The genera comprise
arboreal species, which use the canopy more than the ground
level (Ochoa 2000, Mauffrey and Catzeflis 2003, Vieira and
Monteiro-Filho 2003, Lambert et al. 2005). This is in accor-
dance with its remarkable body adaptations for arboreal life
(such as the longer tail and whiskers, and larger eyes; N.C.
Caceres personal observation), which make possible better
exploitation of a three-dimensional habitat in trees. Specific
movement behaviours in trees allow these arboreal animals
to succeed in tasks related to habitat use (Vieira 2006b).
Interestingly, R. macrurus was reported as a generalist in the
use of vertical strata in the southern Amazon Forest (Lambert
et al. 2005), and was the only species found in both physi-
ognomies here.

Caluromys philander was the main species in this study
to show a prominent association with the forest canopy,
proving its essentially arboreal habit (Malcolm 1991, Julien-
Laferriere 1995, Passamani 2000, Grelle 2003), and corrob-
orating the classification of Vieira (2006b). However, the
species can also be captured even in a low forest stratum
(Charles-Dominique et al. 1981, Atramentowicz 1988,
Julien-Laferriere 1995, Lambert et al. 2005). This could be
a factor of seasonal regimes of climate and resources, leading
the species to occasionally exploit the ground and under-
storey for feeding (see Caceres et al. 2002 for similar data).

Relationships between animals and environment are mean-
ingful in determining species distribution and segregation, as
is the case of small mammals here, seen in axis 1 (Canonical
Correspondence Analysis, Figure 3) which could explain
most of the data variation. There was an important relation-
ship between selected small-mammal species (C. philander,
M. murina, and O. bicolor) and gallery forest, which could
be related to the higher complexity seen in this physiognomy,
with higher density of lianas and canopy density, and a great-
er vertical stratification. The density of these structural
parameters helps to connect different portions of the three-
dimensional vertical strata, and help arboreal animals (such
as those listed above) to move between arboreal patches.
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Lianas, branches, and foliages also help by providing more
vertical complexity to the forest habitats. This relationship
occurred mainly in gallery forest rather than in woodland
savannah in the study region (Table 2) and elsewhere (Mari-
mon and Haridasan 2005), as lianas are rare, and canopy
density and stratification levels were low in the savannahs
studied. This explains, in part, the low number of fully arbo-
real small mammals found in savannahs when compared with
gallery forests here (Table 1).

Woodland savannah is a physiognomy constituted by a
large number of shrubby cerrado (sensu stricto) plant species
mixed with gallery forest species. Thus, its forest canopy is
shorter, ranging from 7 to 20 m, whereas the mean height of
the gallery forest canopy varies between 20 and 30 m (Ribeiro
and Walter 1998, Marimon and Haridasan 2005). Here, dur-
ing the wet season the gallery forest had a denser canopy
density (90%) than the woodland savannah (79%). In addi-
tion, the canopy in woodland savannah was broadly open
during the dry period in the study region because of intense
leaf fall. All these observations are supported by other stud-
ies carried out here (Caceres et al. 2010) and elsewhere
(Ribeiro and Walter 1998, Marimon and Haridasan 2005),
comparing the structures of both types of physiognomies.
These factors could affect arboreal species distribution in
woodland savannah, where arboreal habitat patches must be
less connected, impeding the movements of small arboreal
mammals there, and possibly favouring the existence of more
cursorial species, such as T. macrurus, N. lasiurus, and T.
pachyurus, which were all collected on the ground of the
arboreal savannah here. By contrast, the low canopy height
observed here for the woodland savannah (7-12 m height;
Caceres et al. 2010) could explain the lower number of arbo-
real species in this physiognomy (e.g., C. agricolai), and
even the unexpected major use of the ground level by G.
agilis. We thus suggest that the spatial segregation between
these morphological similar species, G. agilis and C. agri-
colai, is given in part by the vertical use of strata.

Studies in tropical South America have confirmed that
small-mammal distributions in landscapes are mostly differ-
ent and varied, varying with different vegetation physiog-
nomies, forest densities, and water presence, showing the
close relationship of mammals and habitat structure (August
1983, Fernandez and Gentile 1999, Lyra-Jorge et al. 2001,
Grelle 2003, Vieira and Monteiro-Filho 2003). Our strong
differentiation in species composition between the habitats
of savannah and gallery forest leads us to infer about other
reasons for this differentiation. An important reason is veg-
etation history and biogeographic processes involved when
forests and savannahs advanced or retracted over the land-
scape in the recent past (Vivo and Carmignotto 2004), car-
rying species and forcing adaptation to each one of these
different vegetations in the Cerrado biome (Johnson et al.
1999).

The Cerrado biome supports a mostly distinct fauna of
small mammals associated with the two main forest physi-
ognomies: gallery forest and woodland savannah in the
southern portion of the biome. The complexity in these forest
physiognomies, regarding their structural differences, is

thought to be responsible for the vertical habitat utilisation
by the small-mammal communities. The balanced utilisation
of traps for sampling in different forest strata increased the
conventional, expected species richness, showing that small
mammals are spatially segregated along the vertical strata.
To different degrees, both forest physiognomies (woodland
savannah and gallery forest) found in the Cerrado biome are
in part responsible for the patterns of high biodiversity com-
monly recognised for the biome (Myers et al. 2000). These
physiognomies are better considered as complementary to
each other, rather than a single ecological unit, when viewed
in terms of species composition of their small-mammal
faunas.
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