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Diet of the gracile mouse opossum Gracilinanus agilis
(Didelphimorphia: Didelphidae) in a neotropical savanna:
intraspecific variation and resource selection
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Abstract Investigation of the effect of endogenous and
exogenous factors on the diet of animals is necessary for a
better understanding of their feeding habits. This approach
can provide relevant information on the autoecology of a
species and its ecological interactions. We investigated the
composition and intraspecific variation in the diet of the
marsupial Gracilinanus agilis in areas of dry woodland forests
(i.e., cerraddo) in the Cerrado of Central Brazil, taking into
consideration the availability of prey (arthropods) in the envi-
ronment. We found insects, spiders, birds, and fruits in the
scats of G. agilis. Insects (orders Hymenoptera, Isoptera,
Hemiptera, and Coleoptera) and fruits were the most frequent-
ly consumed resources. Males fed more heavily on insects
than females did, whereas during the warm—wet season
(October to April), the reproductive females fed on insects
more than the nonreproductive females did. On the other
hand, the consumption of fruits and vertebrates did not vary
between seasons, sexes, or according to female reproductive
condition. Moreover, reproductive females fed more frequent-
ly on ants and beetles than nonreproductive females did. We

Cummunicated by: Rafat Kowalczyk

N. F. de Camargo - J. F. Ribeiro
Pos-graduagdo em Ecologia, Universidade de Brasilia,
Brasilia, Distrito Federal, Brazil

N. F. de Camargo - J. F. Ribeiro - E. M. Vieira (D<)
Laboratorio de Ecologia de Vertebrados,

Departamento de Ecologia, Instituto de Ciéncias Biologicas,
Universidade de Brasilia (UnB), CP 04457,

Brasilia, Distrito Federal 70919-970, Brazil

e-mail: emvieira@unb.br

A.J. A. de Camargo

Embrapa Cerrados, Rodovia BR 020, km 18, CP 08223,
Planaltina, Distrito Federal 73310-970, Brazil

Published online: 04 June 2013

also detected both positive (for Isoptera and Hemiptera) and
negative (for Hymenoptera) selection of insects during the
cool-dry season, whereas in the warm—wet season, these re-
sources were consumed according to their availability in the
environment. Our study revealed that G. agilis is an insecti-
vore—omnivore species, but fruits also are a relevant part of its
diet. This marsupial seemed to select their prey qualitatively
according to its energy demands and nutritional requirements.

Keywords Cerrado - Diet - Marsupial - Insects - Resource
selection

Introduction

Knowledge about the diet of wild animals is essential for the
understanding and interpretation of complex ecological is-
sues, such as niche relationships, competitive processes,
coexistence, and predation (e.g., Greene and Jaksic 1983;
Jones and Barmuta 1998; Vieira and Port 2007), as well as
the influence of species on ecosystems (e.g., Bourliére 1985;
Covich et al. 1999 Garcia et al. 2009; Cantor et al. 2010).
This knowledge can also support actions for the conserva-
tion of target animal species (Rawlins and Handasyde 2002;
Leiner and Silva 2007; Lessa and Costa 2010).

The diet of a species is the result of several factors, such
as risk of injury, age, sex, seasonal variation, food availabil-
ity, individual reproductive condition, and interaction with
other species (Julien-Laferriére and Atramentowicz 1990;
Hayward and Kerley 2005). The analysis of individual
variations within a population is highly relevant because
potential constraints on diet choice, such as available feed-
ing time or nutrient requirements (Westoby 1974; Pulliam
1975; Belovsky 1978; Smith and Broome 1992), may differ
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among individuals. Consequently, it may be unrealistic to
draw general conclusions about a species based solely on an
average individual in a population (Ritchie 1988).

The feeding habits of didelphid marsupials vary along a
gradient from species that are predominantly frugivorous
(e.g., Caluromys philander) to species that show a high degree
of carnivory/insectivory (e.g., Lutreolina crassicaudata)
(Vieira and Astiia de Moraes 2003). Between these two ex-
tremities are species that are more omnivorous, such as opos-
sums, Didelphis spp., and several mouse opossums belonging
to the genus Gracilinanus (Vieira and Astiia de Moraes 2003).
However, few detailed studies investigated how endogenous
(e.g., sex, age, and reproductive condition) and exogenous
(e.g., availability of resources and seasonality) factors can
directly affect the feeding habits of didelphids. Therefore,
the general term “omnivory” can be misleading or at least
insufficient (Martins et al. 2006) for such a diverse taxa. With
regard to this group, this general classification might hide
features related to the autoecology of the species and its in-
teractions with the environment (Santori and Astiia 2006).

In comparison with studies on neotropical forests (e.g.,
Santori et al. 1995; Vieira and Izar 1999; Caceres 2004,
Martins and Bonato 2004; Leiner and Silva 2007), relatively
few studies have evaluated feeding habits of marsupials in
savannas, including the Brazilian Cerrado (however, see
Martins et al. 2006; Lessa and Costa 2010; Bocchiglieri et
al. 2010; Camargo et al. 2011). Harboring 251 mammal
species, including 26 didelphids (Paglia et al. 2012), this
large (2% 10° km?) biome is the most threatened and richest
tropical savanna on the planet (Myers et al. 2000; Klink and
Machado 2005). The Cerrado dominium includes savannas,
grasslands, and forests and is influenced by a highly sea-
sonal climate with well-defined warm—wet and cool-dry
seasons (Eiten 1972). These year-round changes in resource
availability should be an important factor in the consump-
tion pattern of food items by animals. Therefore, the evalu-
ation of how this variation in resource availability affects
prey consumption by marsupials in the Cerrado is a poten-
tially relevant topic.

In the present study, we evaluated the dietary patterns of
Gracilinanus agilis in the Cerrado of Central Brazil. Our
main objectives were as follows: (1) to describe the diet
composition of this species in areas of cerraddo (dry wood-
land physiognomy of the Cerrado) in Central Brazil, (2) to
evaluate patterns of intraspecific variation in the feeding
habits of this marsupial related to sex and reproductive
status, and (3) to assess seasonal variations in the diet of
G. agilis related to the availability of arthropods in the
environment. We predicted the following: (1) G. agilis feeds
more intensively on insects (mainly termites, ants, and bee-
tles) compared to fruits (Bocchiglieri et al. 2010; Lessa and
Costa 2010) and (2) there are seasonal variations in food
item consumption by G. agilis related to sex. Males feed
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more intensively on insects in the cool-dry season because
of higher energy demands related to mate searching, where-
as females feed more intensively on insects in the warm—wet
season because of high-energy costs and protein demand
during pregnancy and lactation (as suggested by Martins et
al. (2006) for the congeneric Gracilinanus microtarsus). (3)
There is higher consumption of fruits in the warm—wet season
because this resource is more abundant during this period of
the year (Batalha and Martins 2004), and (4) G. agilis acts as a
generalist insectivore, consuming insect orders according to
their availability in the studied environments.

Methods
Studied species

The agile mouse opossum G. agilis is a small (body mass=
20-30 g), nocturnal, and scansorial marsupial that occurs
from the Panama—Colombia border to the northeast, mid-
west, and southeast of Brazil (Emmons and Feer 1990). It is
generally common in gallery forests (evergreen vegetation
that surrounds streams) and cerradao (savanna woodland
forest) in the Brazilian Cerrado (Nitikman and Mares
1987; Lacher and Alho 2001). This marsupial has a marked
seasonal pattern of reproduction: females give birth gener-
ally in the beginning of the warm—wet season (October to
April) (Rossi et al. 2006).

Study areas

We gathered the field data in two different locations in the city
of Brasilia in the Federal District of Brazil: the Jardim
Botanico de Brasilia (JBB, Botanical Garden of Brasilia
[15°52" S, 47°50' W]) and the Fazenda Agua Limpa (FAL,
the ecological and agricultural field station of the University of
Brasilia [15°58' S, 47°59" W1]). These two contiguous locations
are part of a large legally protected area that covers about
15,000 ha of the continuous Cerrado vegetation. All trapping
grids were located in areas of cerraddo, a xeromorphic
forestlike physiognomy of the Cerrado whose height of the
tree layer varies from 8§ to 15 m, and the tree cover ranges from
50 to 90 % (Ribeiro and Walter 1998). In the Cerrado, about 90
% of the annual precipitation of 1,100-1,600 mm occurs
between October and April (Miranda et al. 1993).

Trapping methods

Animal captures took place from September 2009 to August
2010 using Sherman live traps placed in four grids (three
grids located at JBB [JB1, JB2, and JB3] and one grid
located at FAL) composed of 144 (12x12) capture stations
spaced at 15-m intervals. Each grid was sampled three times
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in each season during six consecutive nights, totaling
23,040 trapping nights. In each capture session and for each
grid, we randomly selected 80 capture stations for placing
traps on the ground and 80 capture stations for placing traps
in the understory. We used as bait a uniform mixture of
peanut butter, corn flour, mashed banana, cod liver oil, and
vanilla essence.

We registered the sex and reproductive condition of each
captured individual, which also received a numbered ear tag
(National Band and Tag Co., Newport, KY, USA, Monel
tag, size 1). The reproductive condition of the females was
inferred from the swelling of the nipples (Pinheiro et al.
2002a). Because of inaccurate evaluation of male reproduc-
tive condition based on external characteristics (Quental et
al. 2001), we did not evaluate this condition in the males.

Scat collection and identification of food items

We collected the scats directly from traps or during handling
of the trapped animals. Each time an animal was captured,
the trap was cleaned to avoid contamination of subsequent
scat samples by other individuals captured in the same trap.
The samples were stored in a refrigerator for preservation as
well as the subsequent sorting and identification of food
items (Casella and Caceres 2006; Martins et al. 2006).

‘We washed each scat sample in two different superimposed
sieve meshes (0.1 and 0.7 mm) (Leiner and Silva 2007). With
the aid of a binocular stereoscopic microscope, we categorized
the food items into four food categories: arthropods, fruits
(seeds, pulp, and fiber), vertebrates, and unidentified material.
To ensure statistical independence of the samples, for the
analyses, we used only one sample of each individual per
season (warm—wet and cool-dry).

The frequency of food categories was determined by
considering the occurrence of each item in relation to the
total number of items found in all analyzed samples. To
estimate the abundance of each food category, we used a
grid with lines forming 0.25-cm?® squares printed on a piece
of paper, which was placed under a 10-cm-diameter Petri
dish. We placed the fecal content diluted in water in this
Petri dish and classified each food item that touched the
intersection of the lines into one of the four main categories.

All food items found in the scats were identified using
identification keys or by referring to fruits and arthropods
collected in each studied area. By comparing items found in
the scats with fruits collected in the field, we were able to
detect not only seeds but also other remnants of fruit parts
that generally are not easily identified in fecal samples, such
as pulp and fibers. The occurrence of such structures in the
fecal samples clearly indicated that the animals consumed
fruits. Therefore, our efficiency in detecting this item in the
samples was certainly high. In addition to this, the arthropod
parts found in the scats were identified up to order level by

one of the authors, a taxonomic specialist on insects (AJAC),
by comparison with specimens stored at the Entomological
Collection of “Embrapa Cerrados” (Center for Agricultural
Research on the Cerrado). To avoid any bias in the identifica-
tion of insect orders, we only analyzed recognizable structures
such as heads, antennas, mandibles, wings, elytra, and/or legs.

Auvailability of arthropods

To estimate the availability of arthropods in the environment,
we set 30 pitfalls at each grid in each capture session and
activated them for three consecutive days. These traps
consisted of 200-ml plastic cups buried with the opening flush
to the ground surface. Each trap was filled with 50 ml solution
of formaldehyde, water, and drops of soap (to break the water
tension). These pitfalls were arranged in three parallel tran-
sects that were randomly distributed within the grids. We
identified the collected arthropods up to order level with the
support of identification keys (Triplehorn and Johnson 2005)
and also the Entomological Collection of Embrapa Cerrados.
To estimate the availability of this resource, we measured the
total biomass to the nearest 0.0001 g (dry weight) of each
arthropod order per sampling session.

Statistical analysis

Preliminary statistical comparisons of arthropod availability
(as response variables) with regard to the four most highly
consumed orders by G. agilis indicated significant differ-
ences among areas (factorial multivariate analysis of vari-
ance [MANOVA] using 10,000 iterations: F73¢4=4.468,
P<0.001). However, a posteriori comparisons revealed that
such difference was caused by the distinct availability of
termites in just one of the sampled grids (JB3) in relation to
the three remaining ones. Thus, for statistical analyses, we
grouped the samples of G. agilis individuals captured in the
four trapping grids for all the main insect orders except for
termites. For this later order, we excluded all the JB3 data
from the analysis, considering only the animals captured in
the other three grids. Therefore, we were able to analyze the
consumption patterns of the studied marsupial without con-
cerns regarding potential biases caused by among-site dif-
ferences in arthropod availability.

We evaluated potential differences in the relative abun-
dance of each of the main food categories consumed using a
factorial MANOVA by resampling with 10,000 iterations,
considering sex and season as factors and the abundance of
the main food categories (arthropods, fruits, and vertebrates
expressed as the number of grid intersections covered by
each category) as dependent variables. Because the repro-
ductive condition was assessed only in females and only in
the warm—wet season (we did not find any reproductive
females outside this season), we compared the variation in
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abundance of food categories according to the single factor
of reproductive condition, also performing a factorial
MANOVA by resampling (10,000 interactions).

We also evaluated, specifically for arthropods (the most
representative food category, see the “Results” section), the
effects of sex, season, and reproductive condition on the
occurrence of the main orders found in the scats. Since we
could not accurately evaluate the abundance of each arthro-
pod order consumed by each G. agilis individual, we con-
sidered the occurrence (i.e., presence or absence) of the
order in fecal samples according to sex and season to per-
form a logistic regression analysis with two-way interaction
terms (Hosmer and Lemeshow 1989) for each of the four
most common arthropod orders (see the “Results” section).
We again performed a distinct logistic regression analysis
for evaluating changes related to the reproductive condition
of the females. In this case, only this factor (reproductive or
nonreproductive females) was considered. The analyses re-
garding resource availability, the relative abundance of food
categories, and the frequency of arthropods in feces were
performed using the software R 2.13.1 (R Development
Core Team 2011).

We performed a chi-square test (Gibson 2001) to assess
whether G. agilis consumed the arthropods according to
their availability in the environment. The observed values
were the total number of items of each of the four most
common order found in all the fecal samples. We used the
proportion of the total dry biomass (obtained with the pitfall
traps) corresponding to each of these orders to calculate
their expected values of consumption. We ran separate anal-
yses for comparison between the observed and expected
patterns of each sex during each of the two seasons and
between reproductive and nonreproductive females during
the warm—wet season.

Results
Overall patterns of G. agilis diet

We analyzed 422 samples (90 males and 90 females from
the cool-dry season; 82 males and 160 females from the
warm-wet season) from 337 individuals of G. agilis.
Arthropods, which were present in 100 % of the samples,
were represented by nine orders of insects and one of
arachnid. The most frequent orders were Hymenoptera
(Formicidae only), Hemiptera, Coleoptera, and Isoptera
(Table 1). All remnants of vertebrates consumed by G. agilis
were identified as birds, which were recognized by feathers,
bones, and eggshell fragments. Furthermore, we found high
frequencies of fruits in the sampled scats of this marsupial.
About 86 % of the total samples contained seeds, fibers, and
the pulp of three plant families (Table 1).
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Table 1 Percentage of the total number of samples (in percent) and
absolute frequency (V) of food items detected in 422 scat samples of
G. agilis in four areas of cerraddo (closed woodland forest) located in
Central Brazil (Brasilia, DF)

Food item Percent Absolute frequency (N)
Fruits

Melastomataceae 82.85 (48.10) 350 (203)

Solanaceae 15.59 66

Viscaceae 12.90 54
Unidentified fruits 4.26 18
Arthropods

Arachnida

Araneae 1.61 7

Insecta

Hymenoptera 60.96 257

Hemiptera 53.81 227

Isoptera 52.65 222

Coleoptera 8.54 36

Lepidoptera 5.31 22

Orthoptera 3.23 14

Odonata 0.92

Diptera 0.46 2
Unidentified arthropods 0.46 2
Vertebrates

Aves 4.50 19

Also indicated are the number of samples containing only seeds
(i.e., disregarding identified pulp and fibers of melastomes) and corre-
spondent percentage (in parentheses). For the other two plant families, we
considered only the presence of seeds. Unidentified fruit remains (pulp,
fibers, or fruit peels) are indicated as “unidentified fruits”

We detected that males (n=172 sampled individuals) fed
significantly more on arthropods than females (n=250) did
(factorial MANOVA: F=17.09, P<0.0001). The species as a
whole fed more intensively on arthropods in the cool-dry
season (n=180) than in the warm—wet season (n=242;
F=55.76, P<0.0001). Regarding the consumption of the other
two feeding categories (fruit and vertebrates), we did not
detect significant differences related to season or sex
(Fig. 1). Our results also indicated a significant interaction
between sex and season in relation to the consumption of
arthropods (F=76.090, P<0.0001). Males relied more on this
resource in the cool-dry season, whereas females tended to
maintain consumption steadily in the two seasons (Fig. 1).
However, the analysis of the effect of the reproduction condi-
tion on female diet during the warm—wet season indicated a
greater consumption of arthropods by reproductive females
(n=62) compared to the nonreproductive ones (n=98)
(F=19.849, P<0.0001; Fig. 1). On the other hand, regarding
the consumption of the other two food categories—fruits and
vertebrates—we did not detect significant differences between
reproductive and nonreproductive females (Fig. 1).
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Fig. 1 Abundance of food items (expressed as number of grid intersec-
tions covered by each category observed under a stereoscopic micro-
scope, see text for details) consumed by G. agilis according to sex and
season (@) and also to female reproductive condition only during the
warm—wet season (b). The error bars indicate the standard errors. The
numbers in parentheses represent the total number of individuals ana-
lyzed. Distinct uppercase letters indicate significant differences (P<0.05)
between categories according to Tukey’s post hoc test

Frequency of the most highly consumed insect orders

The logistic regression analyses indicated significant differ-
ences between seasons but no significant difference between
sexes and no interaction between sex and season in relation
to the most highly consumed insect orders. The orders
Isoptera and Hemiptera were consumed more frequently in
the cool-dry season than in the warm—wet season. However,
the order Hymenoptera was more frequently consumed by
G. agilis in the warm—wet season than in the cool-dry
season (Table 2).

The comparison between reproductive and nonreproductive
females did not show any significant effect of reproductive
condition on the consumption of Isoptera and Hemiptera
(Table 2). On the other hand, with regard to the other two
orders, we detected that reproductive females fed more fre-
quently on both ants and beetles compared to nonreproductive
females (Table 2).

Arthropod availability

According to our data on arthropod availability in the envi-
ronment, the orders that most contributed to the total dry
biomass were Hymenoptera (percentage of total biomass
51.4 %), Isoptera (17.2 %), Coleoptera (9.3 %), Orthoptera
(6.8 %), and Hemiptera (5.6 %). The remaining arthropod
orders represented less than 4 % of the total dry biomass
obtained with pitfalls. Our analysis of the availability of
these four common insect orders most commonly consumed
by G. agilis (see Table 1) showed between-season differ-
ences in the dry biomass (factorial MANOVA with 10,000
interactions: [/} ¢4=5.874, P<0.001). However, we found
no interaction between the factors of area and season
(F3.64=0.373, P=0.983). Moreover, further comparisons
showed that only Coleoptera (Tukey’s test, P<0.001) and
Hemiptera (P=0.002) differed in their dry biomass between
seasons. Both orders presented lower dry biomass in the cool—
dry season (Coleoptera: 1.5 % of total biomass, Hemiptera:
2.0 % of total biomass) compared to the warm—wet season
(Coleoptera: 14.4 %, Hemiptera: 8.0 %).

Resource selection by G. agilis

Our findings showed that selection of some insect orders by
G. agilis differed in relation to sex, season, and female
reproductive condition. Both males (x*=127.01, df=2,
P<0.001) and females (y>=127.24, df=2, P<0.001) posi-
tively selected (i.e., consumption was greater than expected)
the order Hemiptera in the cool-dry season, but selected
negatively the order Hymenoptera (i.e., consumption was
lower than expected). Moreover, our analyses showed pos-
itive selection of Isoptera in this season for both males
(x*=3.88, df=1, P=0.048) and females (x°=4.06, df=1,
P=0. 040). In the warm-wet season, males (x>=6.82,
df=2, P=0.033) and females (x*=10.87, df=2, P=0.004)
selected negatively the order Coleoptera and did not select
any of the remaining insect orders analyzed (i.e., consumption
did not differ from the expected). Additionally, reproductive
females (x>=1.60, df=2, P=0.450) did not select any of the
orders examined, but nonreproductive females negatively se-
lected beetles (x*=8.31, df=2, P=0.015; Fig. 2).

Discussion

Overall patterns of G. agilis diet

According to our results, 100 % of the analyzed individuals
fed on arthropods. The most abundant insect orders, Isoptera
and Hymenoptera, were among the most consumed, which

supported the general feeding strategy reported for G. agilis
(Martins and Bonato 2004; Martins et al. 2006; Lessa and
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Table 2 Results of logistic
regressions evaluating the effect
of season (cool-dry x warm—
wet), sex, and female reproduc-
tive condition (FRC, reproduc-
tive females x nonreproductive
females) on the occurrence of
the four most common insect
orders in the fecal samples of
G. agilis in cerradao areas

The effect of female reproduc-
tive condition was evaluated
only during the reproductive
period (warm—wet season)

*P<0.05 (statistically significant

Insect order

Hymenoptera Isoptera Hemiptera Coleoptera

Season (cool—dry)

Likelihood ratio 12.960 30.109 267.400 1.897

Coefficient -0.971 1.657 4.450 —0.623

Odds ratio 0.379 5.244 85.627 0.536

P value <0.001* <0.001* <0.001* 0.168
Sex (males)

Likelihood ratio 0.214 0.270 0.284 0.485

Coefficient 0.140 0.154 0.173 —0.308

Odds ratio 1.150 1.166 1.189 0.735

P value 0.643 0.635 0.593 0.486
Season xsex

Likelihood ratio 0.370 0.154 0.059 0.232

Coefficient 0.259 0.196 0.212 —0.391

Odds ratio 1.296 1.217 1.236 0.676

P value 0.543 0.694 0.806 0.630
FRC (reproductive female)

Likelihood ratio 4.075 0.092 0.071 6.364

Coefficient 0.724 0.164 1.107 1.218

Odds ratio 2.064 1.178 0.102 3.383

P value 0.043* 0.760 0.788 0.012*

values)

Costa 2010; Bocchiglieri et al. 2010). Termites and ants
comprise two of the most abundant insect orders in the
Cerrado (Pinheiro et al. 2002a) and represent a concentrated
type of resource, thus being considered rewarding food
items (Abensperg-Traun and Steven 1997). Indeed, con-
sumption of this type of prey is common in other didelphid
species (e.g., Santori et al. 1995; Lessa and Costa 2010;
Pinheiro et al. 2002b).

In our study, approximately 86 % of the sampled individ-
uals fed on fruits (mainly from the Melastomataceae family),
which is the highest proportion of fruit consumption ever
recorded for this marsupial genus. We found pulp and fibers
in high frequencies in the scats, and all these identifiable
materials belonged to fruits of the Melastomataceae family.
In fact, in the study area, G. agilis positively selects
melastomes, feeding largely on and potentially dispersing
Miconia species (Camargo et al. 2011). Contrary to our
results, other field-based studies indicated that fruits are not
a relevant component in the diet of Gracilinanus spp.
(e.g., Martins and Bonato 2004; Martins et al. 2006;
Bocchiglieri et al. 2010; Lessa and Costa 2010) but labora-
tory studies indicate a high consumption of fruits by G. agilis
(Astia de Moraes et al. 2003; Santori and Astia de Moraes
2006). Fruit remnants in fecal samples can be underestimated
because of the high digestibility of pulp (Caron et al. 1985;
Astia de Moraes et al. 2003) and by the act of seed spitting
(Leiner and Silva 2007). As discussed in the “Methods”
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section, we identified remnants of fruit parts that generally
are not easily identified in fecal samples, thus potentially
increasing the relative importance of this group in the
G. agilis diet.

We also verified the first occurrence of vertebrate con-
sumption for the Gracilinanus genus. Bird remnants in the
scats consisted of down feathers, bones in which the epiph-
ysis were not yet fully merged to the diaphysis, and egg-
shells. Thus, this marsupial likely feeds only on eggs and
young birds, probably opportunistically and rarely preying
upon bird nests.

Relative abundance of consumed food items

The abundance of arthropods consumed by G. agilis dif-
fered between sexes and seasons. According to our expec-
tations, males feed more on arthropods in the cool-dry
season in comparison to females. This pattern was also
observed in males of G. microtarsus (Martins et al. 2006),
which travelled greater distances searching for mates,
resulting in greater demand for energy. We also found a
higher consumption of invertebrates by reproductive fe-
males in comparison to nonreproductive females. A greater
demand for energy and protein caused by fetus development
and lactation may also result in the more intensive consump-
tion of insects (Payne and Wheeler 1968; Smith and Broome
1992; Metges 2001). This pattern was also observed, for
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Fig. 2 Frequency of the four most common insect orders (Hym=
Hymenoptera, Iso=Isoptera, Hem=Hemiptera, Co/=Coleoptera) pres-
ent in scats of G. agilis sampled in four areas (FAL, JB1, JB2, and JB3)
of cerraddo located in Central Brazil and the expected frequency
according to availability in the environment (inferred by the relative
invertebrate biomass sampled with pitfall traps). Individuals of
G. agilis from the four sampled areas were grouped except for the
order Isoptera, for which individuals from one area (JB3) were not
considered in the analysis (see text for details). Top and middle figures
show comparisons made independently in two seasons of the year (a=
cool—dry season and h=warm—wet season) and for both sexes (sample
sizes: Isoptera—69 males and 72 females in the cool-dry season, 71
males and 145 females in the warm—wet season; remaining orders—90
males and 90 females in the cool-dry season, 82 males and 160
females in the warm—wet season). We also compared reproductive
females (Isoptera: N=50; remaining orders: N=62;) vs.
nonreproductive females (Isoptera: N=95; remaining orders: N=98)
in the warm—wet season (bottom figure). *P<0.05, significant values
between pairs of each insect order conducted when the general com-
parison was significant (chi-square test)

example, in the mountain pygmy possum Burramys parvus
(Burramyidae) (Smith and Broome 1992), the vespertilionid
bat Myotis daubentoni (Encarnagdo and Dietz 2006),
and the house mouse Mus domesticus (Tann et al.
1991).

Regarding fruit consumption, we found no differences
related to sex, season, or female reproductive condition.
Contrary to our expectations, fruits were frequent in the diet
of this marsupial in both seasons. A potential reduction in
the availability of fruit during the dry-cool season (Batalha
and Martins 2004) might have been compensated by a more
active search for this resource because fruits could represent
a relevant source of water during the dry period in cerradao
areas (Camargo et al. 2011), where there are no associated
watercourses (Ribeiro and Walter 1998).

Frequency of occurrence and selection of arthropod orders

We detected distinct patterns of prey selection for the most
common arthropod orders. Our findings indicated that G.
agilis is not a specialist in termites, but these insects are
relevant for its diet, especially in the cool-dry season. The
congeneric G. microtarsus also feeds more heavily on
Isoptera during this season (Martins et al. 2006).

Isopteran insects have large amount of fat (Defoliart
1992) and water (Cooper and Withers 2004). The accumu-
lation of fat in the cool-dry season can be important for
G. agilis males that travel longer distances searching for a
mate and for females that are pregnant at the end of this
season and lactate until the middle of the warm—wet season
(Martins et al. 2006). Moreover, the significant amount of
water provided by the termites can also be advantageous
during the dry season, especially in the cerradao.

Our results revealed an unusually high consumption and
positive selection of Hemiptera by G. agilis in the cool—dry
season, despite the lower abundance of this resource in
relation to the warm—wet season. The only Hemiptera spe-
cies (Euschistus heros) consumed in the cool-dry season is
an agricultural pest that causes damages up to 30 % in the
quality and production of soybeans in Brazil (Nunes and
Corréa-Ferreira 2002). In our study area, it is possible that
after the soybean harvest in surrounding areas, these insects
moved to natural areas, thus increasing their local abun-
dance in such areas. Because E. heros is a phytophagous
insect that remains mainly on leaves, its abundance may
have been underestimated by our ground pitfalls.
Alternatively, G. agilis specifically selected E. heros among
the Hemiptera species.

The low abundance of beetles in the environment must
directly affect the consumption of this resource. We observed
that G. agilis feeds on beetles in the cool-dry season
according to their availability in the environment. In contrast
to our results, Bocchiglieri et al. (2010) detected a high con-
sumption of beetles (76 % of the sampled individuals fed on
these insects) by G. agilis in two of our study areas (JB2 and
JB3) 8 years before our study. These results might indicate a
temporal change in the abundance of this resource.

In the warm—wet season, except for the reproductive
females, the other G. agilis individuals did not select any
insect order. The consumption of invertebrates according to
their availability in the environment could be caused by a
greater availability of fruits during this season (Batalha and
Martins 2004) combined with the occurrence of a less
stressful environment (i.e., greater rainfall and warmer tem-
peratures overnight).

The patterns of insect selection by reproductive females that
we detected seemed to reflect a higher energy demand during
pregnancy and lactation. These females fed preferentially on
ants and beetles when compared to the nonreproductive ones.
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Ants have large amounts of chitin, and such biopolymer can be
particularly advantageous for lactating or pregnant females,
since a high protein intake is needed for supporting the fetus
formation and the production of milk (Payne and Wheeler
1968; Metges 2001). The consumption of beetles could also
provide expressive amounts of fat and protein to females
during reproduction (Ramos-Elorduy et al. 2006). More insec-
tivorous didelphids present adaptations in their digestive tract
that could be related to the metabolization of large amounts of
protein (Caceres 2005). As other mammals do (i.e., bats)
(Webb et al. 1993), these marsupials, hypothetically, also
may extract carbohydrates from the exoskeleton of insects.
Additionally, data for the omnivorous Petaurus breviceps
(Diprotodontia, Petauridae) indicated that females might select
higher protein dietary items due to reproductive requirements
(Smith and Green 1987).

Conclusions

Our study revealed that although G. agilis is an insectivore—
omnivore marsupial, fruits also are a relevant part of its diet.
Changes in both intensity and frequency in the consumption
of food items seem to be caused mainly by energetic and
nutritional requirements related to the reproductive condition
of the animals. Although G. agilis opportunistically fed on
insect orders that were among the most abundant in the
environment (Hymenoptera, Isoptera, Hemiptera, and
Coleoptera), there was both positive (for termites and bed-
bugs) and negative (for ants) selection of these insects during
the cool-dry season, whereas in the warm—wet season, this
marsupial tended to feed according to the availability of these
resources in the environment.
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