
Introduction

Neotropical forests have a wide diversity of small mam-

mals, and some areas of the Atlantic Forest in Brazil may har-

bor more than 20 species of rodents and marsupials (Vieira

and Monteiro-Filho 2003, Pardini and Umetsu 2006). The

complexity, referring to the vertical strata development in

forest, and the heterogeneity, referring to horizontal vari-

ations in the landscape (sensu August 1983), influence the

coexistence of species with similar morphological charac-

teristics and life habits. This differentiation in habitat use al-

lows the spatial segregation of species, and reduces interspe-

cific competition for overlapping niches (Dickman and

Woodside 1983, Eccard and Ylölen 2003). Some studies

have found a higher small-mammal species richness related

with an increased complexity rather than with an increased

heterogeneity of habitat (Gentile and Fernandez 1999, Grelle

2003, Lambert et al. 2005), suggesting the need for addi-

tional studies to better understand the relationship of these

variables and species diversity. Studies with a three-dimen-

sional coverage area (complexity and heterogeneity simulta-

neously) allow us to analyze better how these factors affect

mammal communities.

In addition to differences in the use of vertical and hori-

zontal space, small-mammal species can also use different

microhabitats at a smaller scale. Locations that differ struc-

turally can harbour important resources for certain species,

and small mammals use some microhabitats more often than

others, suggesting that these sites differ in quality (Simonetti

1989). Sites with greater availability of food or shelter are

examples. Studies on small mammals in many regions of the

world have considered microhabitat use crucial in niche seg-

regation (Dueser and Shugart 1978, Yahner 1982, Seagle

1985, Fa et al. 1992, Brannon 2000). The genus Akodon pre-

sent in South America, for example, has shown preferences

for dense vegetation cover in Atlantic deciduous forest in

Brazil (Akodon montensis; Lima et al., 2010); for freshwater

marshes in Argentina (Akodon azarae; Bonaventura et al.

2003); and for temperate forest in Chile (Akodon olivaceus;

Múrua and Gonzalez, 1982). There are many other examples

in the literature demonstrating the importance of microhabi-

tat use for small mammals in Australia (e.g., Williams et al.

2002, Vernes 2003), Asia (Shanker 2001, Wells et al. 2004)

and North America (Stevens and Tello 2009).

In the seasonal Atlantic forests of South America there is

a general lack of ecological mammal studies that leaves a gap

in the knowledge of community diversity in these regions. It

is extremely important to generate information about the

fauna in these areas, because of the extensive reduction in

such native forest (Myers et al. 2000). This lacuna for the

seasonal forests of the interior is slowly being filled (e.g.,

Talamoni and Dias 1999, Lambert et al. 2005). However,

small arboreal species that usually are not captured on the

ground are still inadequately sampled, because studies typi-

cally emphasize the terrestrial, cursorial species. In southern

Brazil, the lack of data for arboreal species is even greater,
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with most existing data being gathered without traps placed

in the trees (Cademartori et al. 2002, Dalmagro and Vieira

2005, Lima et al. 2010).

In the present study, we investigated the community

structure of small rodents and marsupials in a South Ameri-

can deciduous forest to evaluate the richness, composition,

and abundance of species present and their relationships with

the habitat. We addressed the following questions: 1) Is the

species richness similar to other adjacent areas in the south-

ern boundary of the Atlantic forest? Our hypothesis is that

species richness will be lower than in communities of low

latitudes, but will be higher than in communities of more

fragmented and disturbed areas; 2) How does the sampling

methodology influence the composition and abundance of

species captured? We hypothesised that sampling methodol-

ogy will be determinant for the small-mammal community

composition, particularly, for the species richness evaluated

in pitfall traps; 3) How are the species distributed in the ver-

tical space (complexity) of the forest? Our hypothesis is that

the small-mammal community is segregated in the three-di-

mensional space; 4) Is there variation in species composition

over the horizontal space? We hypothesised that the hetero-

geneity is an important factor to the species occurrence in the

two-dimensional space; and 5) How does habitat structure

(microhabitat) influence species occurrence? Our hypothesis

is that habitat structure influences the species distribution,

with species using same microhabitat more often than others.

Materials and methods

Study area

The study was carried out in a deciduous forest in the

Parque Estadual do Turvo, PET (27°00’ S 27°20’ S and 53°

40’ W 54°10’ W) located in the municipality of Derrubadas,

northwestern Rio Grande do Sul, Brazil. The PET has an area

of 17,491 ha, and is located on the left bank of the Uruguay

River (Figure 1).

The climate is subtropical humid temperate, with hot sum-

mers (Cfa according to the Köppen classification). The mean

temperatures in the warmest month (January) is above 22 °C,

and in the coldest month (July) range from -3 to 18 °C.

The PET contains primary vegetation in much of its area,

but suffered anthropogenic pressures before and even after

its creation in 1947, being burned on two occasions in the

1940s and 1970s (Silva et al. 2005). The areas that were

burned or selectively logged had dense secondary vegetation,

mainly at the edges of the park and at some points along the

roads that traverse it.

The PET is an area of extreme importance for biodiver-

sity conservation, according to “Evaluation and Identifica-

tion of Priority Areas and Actions for Conservation, Sustain-

able Use and Benefit Sharing of Biodiversity - Workshop

Evaluation and Actions Priority for Conservation of Biodi-

versity of the Atlantic Forest and Southern Grasslands

(MMA 2000).

Animal trapping

We established 12 transect lines along two dirt roads that

cross the park, though all of them were at least 100 m apart

from any road. Transect lines on the same road were parallel

to each other and were 500 to 1,500 m apart (Mean = 760, SD

= 347 m). We established eight transects in one road and four

in the other (Figure 1). Each transect line contained five live-

trap stations and one pitfall-trap station. The live-trap sta-

tions were 30 m from each other, and at each one, three live-

traps were placed: one in the center and the others on the left

and right, both 20 m from the center live-trap. The arrange-

ment always alternated between ground and understory

(height of 3 m, i.e., when the trap in the center was on the

ground, the left and right ones were set in the understory, or

vice versa), and the type of trap, Sherman (31 x 10 x 8 cm)

or wire (45 x 16 x 16 cm). The pitfall trap was placed 100 m

from the end of each transect line, where two buckets (30 li-

ters) 12 m apart were connected by a plastic fence (36 m in
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total length and 50 cm high) to guide the animals to the buck-

ets. In total, there were 180 live-traps (90 on the ground and

90 in the understory) and 12 pitfalls trap stations (24 buck-

ets). A mixture of bacon, squash, and peanut butter was used

as bait in the Sherman and wire traps and no bait was used in

the pitfalls traps.

The animals captured were marked with numbered ear-

tags (Fish and small animal tag size 1, National Band and Tag

Co., Newport, Kentucky). For each individual, the species,

location of capture, and tag number were recorded. We col-

lected only the first specimen of a species found in the study,

or individuals found dead in traps due to cold or rain. Tech-

niques were approved by the Instituto Brasileiro do Meio

Ambiente e dos Recursos Naturais Renováveis (IBAMA)

(protocol 16095-1) and are in compliance with guidelines

published by the American Society of Mammalogists for use

of wild mammals in research (Gannon et al. 2007).

The fieldwork was carried out in six bimonthly phases,

on eight transects (T1 to T8), starting in October 2008 and

ending in September 2009; and in five bimonthly phases on

the remaining four transects (T9 to T12), starting in Decem-

ber 2008 and ending in September 2009. Each phase lasted

six consecutive nights. The total sampling effort was 6,120

trap-nights (live-traps) and 816 trap-nights (pitfall traps).

Environmental measurements

To characterize the vegetation at each point of capture on

the ground, we measured nine variables that might affect the

distribution of the small-mammal species captured in the

study area. We counted trees with DBH (diameter at breast

height) less than 10, between 10 and 30, and larger than 30

cm, counted the shrubs and lianas, and estimated the canopy

height in an imaginary circle with a 4-m radius, centered on

the trap. Within this space, we also noted the presence of

criciuma (a locally common species of bamboo) and small

terrestrial ferns; for these were assigned values of zero (ab-

sence) to three (high abundance). The density of seedlings

was quantified by direct counting of the number of individu-

als on a transect line (8 m long and 1 m wide) crossing over

the center of a trap.

For the pitfall traps, measurements were taken at four

points 5 m from the fence in the north, south, east, and west

directions. We used the mean of each variable as the final

value for each pitfall-trap station.

These variables represented the degree of heterogeneity

present in the area, considering a transect line as a sampling

unit. On a smaller scale, it represented a measure of micro-

habitat, and in this case we considered each trapping station

as a sampling unit.

Data analysis

The species accumulation curve was calculated by Esti-

mateS 7.5 (Colwell 2005) based on the addition of new spe-

cies as a function of sampling days, including all capture

methods. The species richness was also estimated, by means

of the Jackknife 1 and Jackknife 2 estimators. The difference

between them is based on the number of individuals that are

necessary to consider a species as rare in each sample, one or

two individuals respectively. In addition to total abundance,

we considered the abundance of live-traps and pitfall-traps

separately, in order to assess the efficiency of each method in

estimating species richness. For the same purpose, we con-

ducted an Analysis of Variance (one-way ANOVA) via ran-

domization (1000 interactions, Monte Carlo statistic), using

the Euclidean distance as a measure of similarity between the

sampling units. This ANOVA was used because it does not

assume any premises in contrast to the parametric ANOVA

(Pillar 2006). Each sampling unit corresponded to individu-

als captured in live-traps or pitfall traps (factor) on each tran-

sect line (replicates). The analysis was performed using rich-

ness, total abundance, and species abundance.

We analyzed the frequency of capture in cage traps of

different strata (ground and understory) through a MA-

NOVA via randomization, as described above. In this case,

each sampling unit corresponded to the number of captures,

excluding recaptures, per species on the ground and in the

understory (factor) on each transect line (replicates). We per-

formed an analysis focusing on abundance, and another em-

phasizing species composition (presence and absence). As-

suming that there would be differences in the use of ground

and understory by the small-mammal community, an

ANOVA via randomization was performed for those species

with a minimum of 15 captures, to examine which ones used

the vertical space differently.

We calculated an index of upper-stratum utilisation

through the number of captures in the understory for each

species with four or more captures (the minimum number

used in order to exclude rare species from the analysis). The

index consisted of the number of captures in the understory

divided by the total number of captures in live-traps. We took

into consideration that both the ground and understory were

sampled with the same trapping effort. Therefore, values that

resulted in an index below 0.5 indicate a more terrestrial

habit, and those giving an index above 0.5 suggest an arbo-

real habit; intermediate values (near 0.5) indicate a scansorial

habit.

We calculated the index of upper-stratum utilisation and

ANOVA via randomization (focusing on the vertical stratifi-

cation) using only those records relating to live-traps. This

avoids an effect of the sampling method, because the pitfalls

were restricted to the ground and do not depend on the use of

bait to attract animals.

We used ANOVA, via randomization, to verify the influ-

ence of environmental heterogeneity on the community,

through the differences in abundance and species composi-

tion among the 12 transects. We included all records of each

species at each transect line, taking as a sampling unit the

sum of captures in live-traps and pitfall traps. In this analysis,

we excluded the phase in which only eight transects were
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sampled, in order to use an equal sampling effort along rep-

licates.

The ANOVA via randomization was performed for each

environmental parameter, to evaluate the degree of heteroge-

neity of environmental variables along the 12 transects. In

this case, each transect line was considered as a sampling

unit, with the ground traps considered as replicates. We used

data for both live-traps and pitfall traps because of each tran-

sect line had the same number of samples.

The relationship between the abundance of more terres-

trial species and the environmental variables measured at

each point of capture on the ground was evaluated using the

Mantel test. First, environmental variables were correlated

with each other to detect the presence of redundancy. We

used Euclidean distance as a measure of dissimilarity be-

tween environmental variables, and Bray-Curtis for the spe-

cies-abundance matrix. Next, we used a Multiple Linear Re-

gression Analysis to assess the effect of each structural

variable on the abundance of the dominant species and on the

small-mammal community. In the latter case, we reduced the

data in a single dependent variable through Principal Coordi-

nates Analysis (PCoA), using the first axis generated as a

measure of community structure. Finally, we used a Spear-

man Correlation Analysis to associate each structural vari-

able with species richness. Again, we excluded the data for

the phase in which we sampled only eight transects, in both

the Mantel test and Multiple Linear Regression, to avoid a

different trapping effort between transect lines. It is worth to

point out that macro and microhabitats have different con-

cepts in the literature (Jorgensen 2004). Here we used the

same measurement variables for both, heterogeneity (in a

macro scale) and microhabitat (in a fine scale), but we con-

sidered the first one in regard to transect-line (landscape)

variation and the second one to sampling unit (trap) variation.

The ANOVA, MANOVA and Correlation analyses were

performed through Multiv software version 2.4 (Pillar 2006);

the Multiple Linear Regression analysis using the Biostat

software (Ayres et al. 2005); and the Mantel test and PCoA

using the software PAST (Hammer et al. 2001).

Results

Overall community structure

We obtained 676 captures (510 individuals) of 12 small-

mammals species belonging to nine of rodents and three of

marsupials. For live-traps, capture success was 16% for traps

on the ground and 1% for traps in the understory, whereas

pitfalls had a 19% capture success. Overall, Akodon monten-

sis was the dominant species in the PET with 76.6% of total

captures, followed by Oligoryzomys nigripes with 5.6%, and

17.8% for all other species (Table 1).

The species-accumulation curve, though it tended to sta-

bilize, showed a small change toward the end of sampling,

and a slight increase in richness cannot be discarded if a fur-

ther sampling effort was performed. Likewise, the estimators

Jack 1 and Jack 2 calculated higher, expected species rich-

ness for the study area (Figure 2).
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Community structure by sampling method

The collector curve shows that the rate of species accu-

mulation, as well as the estimated richness was greater for

pitfall traps than for live-traps. There was a trend toward sta-

bilization of the curve represented by live-traps, and with a

smaller standard deviation. However, the curve based on pit-

fall traps was still rising and seemed far from reaching the

asymptote (Figure 3). Eight species were captured in live-

traps and 10 in pitfall traps, with only three captured solely

in pitfall and two in live-traps. When we compared only the

ground samples, A. montensis and Sooretamys angouya were

caught significantly more often in live-traps, whereas O. ni-

gripes was captured predominantly in pitfalls. Although the

general abundance was higher in live-traps, pitfalls had sig-

nificant higher species richness (Table 2).

Vertical space use

Among the species captured in live-traps, Didelphis

aurita, A. montensis, Euryzomys russatus, Oxymycterus ju-

dex, and O. nigripes mostly used the ground. Sooretamys an-

gouya was captured both on the ground and in the understory.

Micoureus paraguayanus and Juliomys pictipes seemed to

be the most arboreal species.

There were significant differences in the use of vertical

space by the small-mammal community, in relation to both

composition and abundance. This difference was significant

for A. montensis and D. aurita, which used more the ground.

Sooretamys angouya showed no preference for strata, and

was captured equally on the ground and in the understory.

The other species were not analysed statistically with respect

to vertical stratification, because of the small number of re-

cords (Table 3). However, the index of understory utilisation

shows that the majority of species captured in the PET have

a more cursorial or scansorial habit. Micoureus paraguay-

anus can be considered the most arboreal species, with the

highest rate of understory use (Table 1, Figure 4).

Heterogeneity analysis in the PET

Among predictor variables, there were significant corre-

lations between the number of seedlings and number of ferns

(r = -0.33, p ≤ 0.001) and trees with DBH <10 (r = 0.34, p ≤
0.001), so we decided to exclude the “seedling” variable

from the analysis.

The small-mammal community showed a homogeneous

distribution in the PET: no differences in the assemblage

were detected (Q = 391.75, p = 1.00). However, most envi-

ronmental variables differed among the transect lines, mostly

with respect to small trees, ferns, bamboos, and shrubs, based

on the p value (Table 4).

Relationships with environmental variables

There was no association between terrestrial small-mam-

mal community and environmental parameters, which indi-
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cates that the characteristics of habitat measured do not influ-

ence the community structure of small mammals (Mantel, R

= 0.017, p = 0.36). In the same way, we did not find any re-

lationship between the structural variables and the commu-

nity structure measured through the PCoA first axis (F= 1.03,

r
�

= 0.03, p = 0.414). However, when considered just the spe-

cies richness we found a positive correlation with liana (r =

0.32, n = 90, p = 0.001) and a negative correlation with bam-

boo (r = -0.34, n = 90, p < 0.001). The dominant species Ak-

odon montensis was selective in microhabitat use (F = 2.9,

r
�
= 3.4, p = 0.024), mainly for sites with higher density of

small plants on the ground level. Ferns (p = 0.001) had the

highest explanation in the model, followed by trends for

shrubs (p = 0.062) and bamboos (p = 0.078) for that species.

Discussion

The PET has a high species richness compared to other

areas in the southern limit of the Atlantic Forest. The number

of small-mammal species reported for the Atlantic Forest in

southern Brazil ranges mostly from four to eight (Cáceres

2004, Cademartori et al. 2004, Cherem 2005, Dalmagro and

Vieira 2005, Lima et al. 2010), with one case of 11 species in

a coastal rainforest (Graipel et al. 2006). The larger number

found here is apparently due to a combination of sampling

methods used, and the large size of the PET area, with 17,000

ha, as discussed later. Despite of the high species richness,

the community was dominated by A. montensis and O. ni-

gripes, which are abundant in disturbed habitats of the Atlan-

tic Forest (Pardini 2004). However, when comparing our re-

sult with those observed in other large-sized, best-conserved

reserves northward in the Atlantic Forest, we highlight that

there is some effect of species lost with latitude (Lyons and

Willig 2002), provided that those studies have reported

small-mammal richness around 20 species (Bonvicino et al.

2002, Vieira and Monteiro-Filho 2003, Pardini 2004, Pardini

and Umetsu 2006).

The combination of sampling methods using pitfalls and

live-traps proved to be adequate to record small-mammal

species with differences in morphology and ecology, as also

observed in other studies elsewhere (Nicolas and Colyn

2006, Gambalemoke et al. 2008, Umetsu et al. 2006, Fontúr-

bel 2010, Cáceres et al. in press). This is more important due

to the fact that each method sampled exclusive species. The

overall collector curve involving both methods showed a

high tendency to stabilize, highlighting the effective combi-

nation of methods. The abundance was higher in live-traps

than in pitfall traps, which would be expected due to the

dominance of A. montensis, which is easily captured by this

trap type (Lima et al. 2010). Taking into account that the live-

traps were used in larger number and over a larger area than
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the pitfall traps, a higher number of individuals captured by

this method was expected, though capture success was

greater in pitfalls.

Considering live-traps, the richness estimators, estimated

adequately the number of species, since eight species were

captured and nine was expected. The collector curve for live-

traps showed a tendency to stabilize, confirming the ob-

served richness. Furthermore, we used a mixture of different

kinds of bait in all live-traps in order to attract a wide range

of species with different food habits. The use of alternative

baits is an important strategy to improve captures of different

groups of small mammals (e.g., marsupials and rodents) as

demonstrated in temperate forest of Chile (Fontúrbel 2010).

Contrarily, the richness estimators using the pitfall-trap

data estimated a maximum of 16.75 species for the area, and

the collector curve continued to rise. Other studies have em-

phasized the importance of using pitfall traps to sample the

species composition of small mammals in South America

(Lyra-Jorge and Pivello 2001, Umetsu et al. 2006, Cáceres et

al. in press). This method is less selective because it does not

depend on the animal attraction to bait, provided that fences

drive them to buckets, performing captures of species im-

probable to be caught in live-trap with traditional bait, such

as those lighter ones (Voss and Emmons 1996, Lyra-Jorge

and Pivello 2001 Umetsu et al. 2006, Cáceres et al. in press,

Table 2). Despite differences regarding the latitudinal gradi-

ent and inherent species substitution, our results for commu-

nity composition were similar to other studies that have used

pitfalls as sampling method (Pardini et al. 2005, Pardini and

Umetsu 2006).

Trapping in the upper forest strata has been effective for

sampling arboreal small-mammal species (Malcolm 1991,

Vieira and Monteiro-Filho 2003, Wells et al. 2004, Lambert

et al. 2005, Fontúrbel 2010, Hannibal and Cáceres 2010).

However, for the small mammals in the PET, despite the

equivalent capture effort on the ground and in the understory,

no species were exclusively recorded in traps placed in trees,

and capture success was low compared to that obtained by

ground traps. One possible explanation is that the PET has a

dense understory and a well-discontinuous canopy, disfavor-

ing the occurrence of strictly arboreal species (Malcolm

1995). In contrast, cursorial and scansorial species, which are

limited to the ground and/or the understory, were common in

the study area. The capture effort in the understory would be

enough to sample even strictly arboreal species, because

most of these species often descend to the understory (Mal-

colm 1991, Vieira and Monteiro-Filho 2003, Hannibal and

Cáceres 2010). As examples, Caluromys lanatus (Olfers,

1818) and M. paraguayanus were not captured, or rarely cap-

tured, respectively, in the PET, provided that both species are

strictly arboreal (Vieira and Monteiro-Filho 2003, Cáceres

and Carmignotto 2006), which highlight the unfavorable

canopy condition of the study area. Nevertheless, although

we did not find any strictly arboreal species, we did catch six

species with different degrees of vertical strata use, which

shows the importance of environmental complexity in the

community structure of the PET.

The spatial heterogeneity of the environment in the PET

was not so important, provided that the species distribution

was uniform along the transect lines. However, it should be

taken into account that the sampling methods did not cover

the park uniformly, being restricted to vicinities of two dirt

roads, which cross the PET, for logistical reasons. Therefore,

although there were differences among environmental vari-

ables across the transect lines, we may not have sampled sites

that contain high quality resources for those rare species we

have captured. The great extent of the park area (~17 000 ha)

supports this hypothesis, in which there should be sites where

rarer species we have found are in fact more abundant (e.g.,

sites with more continuous canopy, and riparian ones).

Most small-mammal species of the Atlantic Forest are

adapted to secondary or altered habitats (Bonvicino et al.

2002). As mentioned earlier, species characteristics of these

sites are prevalent in the PET community, as confirmed by

the relationship found between species richness and lianas.

Therefore, the dense understory provided by such lianas,

which are characteristic of disturbed habitats in the region,

provides a suitable habitat for these more generalist species,

as was the case of the dominant species, A. montensis. Bam-

boos, however, were correlated negatively with species rich-

ness, additionally suggesting the disturbance in the interior

of park (Cáceres et al. 2010). Akodon montensis is abundant

����� �� 8���� �� ����������� ������� �� �
� /839/ ��� ���	�������� ��	 �
� ��������� ������� ����� �� ��������� �����	 ��

�������� �
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in the park, being favoured by fern, shrub and bamboo den-

sities (Lima et al. 2010). However, the PET is connected to

continuous, Argentinean best-conserved forests across the

Uruguay River, which indicates its potential for uncover

other not sampled small-mammal species, and the impor-

tance of the park for wildlife conservation in the southern

limit of the Atlantic Forest.

In conclusion, the PET harbors a rich community of

small mammals compared to other areas at the southern limit

of the Atlantic Forest, even in detriment of its apparently dis-

turbed physiognomy. The combination of different sampling

methods was important to assess species diversity, as well as

the exclusive use of live-traps underestimated the species di-

versity when compared to pitfall efficiency. Moreover, envi-

ronmental complexity seems to play an important role allow-

ing the coexistence of cursorial, scansorial and some arboreal

species in this community. Heterogeneity does not seem to

affect the distribution of species in the park, but we acknow-

ledge that not all habitats have been sampled, such as those

following water courses.
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