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Abstract

We inventoried terrestrial small mammals in an agricultural area in southern Brazil by using trapping and prey con-
sumed by Barn Owls (Tyto alba) and White-tailed Kites (Elanus leucurus). Small mammals were trapped in three
habitat types: corn fields, uncultivated fields (“capoeiras”), and native forest fragments. A total of 1,975 small mammal
specimens were trapped, another 2,062 identified from the diet of Barn Owls, and 2,066 from the diet of White-tailed
Kites. Both trapping and prey in the predators’ diet yielded 18 small mammal species: three marsupials (Didelphis
albiventris, Gracilinanus agilis, and Monodelphis dimidiata) and 15 rodents (Akodon paranaensis, Bruceppatersonius
iheringi, Calomys sp., Cavia aperea, Euryzygomatomys spinosus, Holochilus brasiliensis, Mus musculus, Necromys
lasiurus, Nectomys squamipes, Oligoryzomys nigripes, Oryzomys angouya, Oxymycterus sp.1, Oxymycterus sp.2,
Rattus norvegicus, and Rattus rattus (Linnaeus, 1758)). The greatest richness was found in the uncultivated habitat.
We concluded that the three methods studied for inventorying small mammals (prey in the diet of Barn Owls, White-
tailed Kites, and trapping) were complementary, since together, rather than separately, they produced a better picture
of local richness.
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Associacoes de habitat de pequenos mamiferos no sul do Brasil e uso de
pelotas de regurgitacao de aves de rapina para inventariar uma fauna local

Resumo

Nos inventariamos a fauna de pequenos mamiferos terrestres numa area agricola no sul do Brasil utilizando armadilhas
e presas consumidas pela coruja suindara (Tyto alba) e pelo gavido-peneira (Elanus leucurus). Os pequenos mamiferos
foram amostrados em trés tipos de habitat: cultivos de milho, capoeiras e fragmentos de floresta nativa. Ao todo, 1975
espécimes de pequenos mamiferos foram capturados com armadilhas, 2062 identificados a partir da dieta da suin-
dara e 2066 da dieta do gavido-peneira. Juntas, as capturas com armadilhas e presas identificadas na dieta de ambos
os predadores revelaram 18 espécies de pequenos mamiferos: trés marsupiais (Didelphis albiventris, Gracilinanus
agilis e Monodelphis dimidiata) e 15 roedores (Akodon paranaensis, Bruceppatersonius iheringi, Calomys sp., Cavia
aperea, Euryzygomatomys spinosus, Holochilus brasiliensis, Mus musculus, Necromys lasiurus, Nectomys squamipes,
Oligoryzomys nigripes, Oryzomys angouya, Oxymycterus sp.1, Oxymycterus sp.2, Rattus norvegicus e Rattus rattus).
A maior riqueza de espécies foi encontrada nas capoeiras. N6s concluimos que os trés métodos estudados para inventa-
riar a fauna de pequenos mamiferos (presas na dieta da suindara, do gavido-peneira e capturas com armadilhas) foram
complementares, pois juntos forneceram uma idéia melhor da riqueza local do que individualmente.

Palavras-chave: inventdrio, riqueza, pequenos mamiferos, agroecossistemas, sul do Brasil, Tyto alba, Elanus
leucurus.

1. Introduction

Inventories and biogeographical studies of small are few studies assessing the richness of small mammals
mammals have been carried out almost exclusively by by using and comparing species identified from the diet
means of trapping. Although the identification of prey of predators with those trapped (Jaksi¢ et al., 1981, 1999;
species from the diet of carnivores or birds of prey can be Bonvicino and Bezerra, 2003). Predators could have
used to determine the local richness of their prey, there some advantages over the traditional method for inven-
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torying small mammals, preying, for instance, on rare
species or those sampled by traps with difficulty due to
specific microhabitat requirements or behavioral traits.

The Barn Owl (Tyto alba (Scopoli, 1769)) is a cosmo-
politan nocturnal bird of prey that hunts mainly in fields
(Fast and Ambrose, 1976; Bellocq, 1990, 2000). It preys
primarily on small mammals (Jaksi¢ et al., 1982; Marti,
1988; Bellocq, 2000). The White-tailed Kite (Elanus
leucurus (Vieillot, 1818)) is a diurnal bird of prey dis-
tributed throughout the Americas (Dunk, 1995). This
kite is also a small mammal specialist, hunting in open
environments such as fields and savannas (Mendelsohn
and Jaksi¢, 1989; Dunk, 1995).

Fossilized mammalian prey remains, regurgitated
by Barn Owls, have been used for paleontological stud-
ies, making it possible to comprehend the ecology and
composition of extinct small mammal communities
(e.g., Pardifias et al., 2000; Castillo et al., 2001). Also,
prey consumed by living Barn Owls have been used to
discuss current local faunas of small mammals (Jaksi¢
et al., 1981, 1999; Bonvicino and Bezerra, 2003). Clark
and Bunck (1991) studied changes in the structure of
small mammal communities in North America during
the past several decades by using only Barn Owl pellet
samples. Mammalian prey species consumed by White-
tailed Kites, on the other hand, have not been used for
these purposes.

The diversity and ecology of the small mammal
communities in the southernmost Brazilian state of Rio
Grande do Sul, are little known and only recently some
ecological studies have been undertaken (Cademartori
et al., 2004; Dalmagro and Vieira, 2005). Here, our ob-
jectives were to: (1) evaluate the habitat associations of
small mammals in an agricultural area of this state; and
(2) inventory small mammal species based on prey found
in the diet of Barn Owls and White-tailed Kites and to
compare these results with trapped samples of small
mammals from the same site. The food habits of Barn
Owls and White-tailed Kites in this agricultural area
have been discussed elsewhere (Scheibler et al., 2001;
Scheibler, 2004; Scheibler and Christoff, 2004). Here,
their diets are examined only from the point of view of
methods for sampling small mammal species.

2. Material and Methods

2.1. Study area

The study area (29° 35’ S and 52° 12° W) was located
near Venancio Aires, Rio Grande do Sul State, southern
Brazil. Topography is relatively flat (approximately 50 m
elevation). Climate is subtropical-humid, with the mean
annual temperature ranging between 18 and 20 °C. The
average annual rainfall of about 1,700 mm is evenly dis-
tributed throughout the year. The original vegetation of
deciduous seasonal forest is quite reduced today, having
been replaced by agriculture. For more details on relief,
climate, and vegetation see Brasil (1986). The present
landscape is a mosaic of vegetation types, prevailing crop

fields of annual cultures such as tobacco, bean, and cas-
sava. However, corn crops prevail widely. Other impor-
tant vegetation type is locally known as “capoeira”, an
uncultivated environment of secondary growth composed
mostly of grasses and shrubs of Baccharis spp. Based on
personal recognition, approximately 70% of the study
area corresponds to crop fields, followed by ‘“capoei-
ras” (approximately 20%). The remaining area consists
mainly of small fragments of the native forest, eucalyptus
plantations, small swamps, and cattle pasture.

2.2. Sampling and analysis

In November 1999, we collected small mammal re-
mains regurgitated by Barn Owls from six nests. These
remains were accumulated forming a pile of old frag-
mented pellets in and around nests. We do not know
when they were regurgitated nor if the six nests corre-
spond to six different years.

We gathered 1,152 pellets of White-tailed Kites col-
lected from December 1997 through March 1999, from
August 1999 through July 2000, and from October 2000
through November 2000. Pellets were collected mainly
from two pairs of kites; however, we do not know if the
pellets came from the same individuals.

Additionally, during October 2001 we collected
62 pellets of another two pairs of White-tailed Kites and
71 of other Barn Owls (from one nest).

We identified the small preyed mammals based on
cranial structures, primarily from the morphological
pattern of teeth, which were compared with a reference
collection of small mammals. For Barn Owls, we had
mostly a mixture of osteological remains belonging to
several mammalian prey. In this case, only the right
and left upper maxillaries (hemimaxillas) were used
for identification because the distinction between adults
of two rodent species, Akodon paranaensis Christoff,
2000 and Necromys lasiurus (Lund, 1840), was only
possible based on the incisive foramen position, due to
great molar tooth wear. This structure is only found on
the upper maxillaries. For more methodological details
on sampling and prey analysis for both predators see
Scheibler et al. (2001), Scheibler (2004), and Scheibler
and Christoft (2004).

We obtained trapping information in cultivated and
uncultivated fields from a series of studies on the ecol-
ogy and natural history of small mammals initiated in
1999. Each study had its own protocol and sampling
methods and Table 1 summarizes the main information
for each site sampled. Additionally, during January
and February 1998 and January 2002, we live-trapped
small mammals in three small fragments (<1 ha) of
the native forest for a total of 443 trap nights. In the
forest, traps were placed 10 m apart as line transects.
In all vegetation types (crop fields, uncultivated fields,
and native forest fragments) live and snap traps were
placed on the ground and baited with a mixture of pea-
nut butter and sardines. Snap traps killed small mam-
mals of approximately the same size range sampled by
live traps.
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Table 1. Sampling effort and characteristics of cultivated fields (CF) and uncultivated fields (UF) used to inventory small
mammal species in Venéncio Aires, Rio Grande do Sul state, southern Brazil. All CFs were cornfields.

Site Time Distance between Grid disposition Days of
capture points (m) (total capture points) sampling
CF1 Jan/99 8* 10 x 6 (60) 3
CF2 Oct/01 8* 19 x 7 (133) 6°
CF2! Jan/02 8* 10 x 7 (70) 30
CF3 Apr/02 8* 19 x 7 (133) 6°
CF4? Aug/02 8* 19 x 7 (133) 6°
UF1 Jan/99 8* 10 x 6 (60) 3
UF2 Jan/99 8* 9 x4 (36) 3a
UF3 Oct/01, Jan/02, May/02, Aug/02 8* 19x 7 (133) 6°
UF3 Oct/03 to May/04 8* 18 x 8 (144) 54
UF4 Oct/01, Jan/02, May/02 8* 19x 7 (133) 6°
UF5 Jan/02 8* 8x4(32) 4>
UF6 Jan/02 8* 8x4(32) 4>
UF6 Feb/04 10%:* 8x3(24) 3e
UF7 Jan/02 8* 16 x 3 (48) 6°
UF8 Jan/02, Jun/02 10* 15x 5.4 (81) 3c
UF9 Jan/02 10* 15x5.4(81) 3¢
UF10 Jun/02 10* 15x 5.4 (81) 3¢
UF11 Apr/04 10* 20 x 8 (160) 3¢
UF12 Nov/03 10* 14 x 7 (98) 6
UF12 Aug/04 10%* 14 x 7 (98) 3¢
UF13 Jun/04 to Sep/04 8* 11 x 11 (121) 5¢
UF14 Sep/04 10* 10 x 6 (60) 3¢
UF14 Nov/04 10%* 10 x 6 (60) 3¢
UF15 Dez/03 to May/04 10* 15x 3 (45) 30
UF16 May/04 10%* 14 x 10 (140) 3¢
UF17 Aug/04 10%* 10 x 10 (100) 3¢
UF18 Nov/03 10%:* 10 x 3 (30) 3¢
UF19 Nov/03 10%:* 10 x 3 (30) 3¢
UF20 Nov/03 10%:* 10 x 3 (30) 3¢
UF21 Nov/03 10%:* 15 x 4 (60) 3e
UF22 Feb/04 10%:* 10 x 3 (30) 3e
UF23 Feb/04 10%:* 10 x 10 (100) 3e
UF24 Nov/04 10%* 10 x 10 (100) 3e

*one wire mesh trap (10 x 10 X 22 cm) per capture point, ““one snap trap per capture point.
lunlike the other CFs, there was a poorer herbaceous cover here due to the use of herbicides, *crossed by some narrow lines

(~ 1 m) of a vegetation type like the UFs;

orid operated continually for 24 hours with checking periods at 2 hours 30 minutes before sunset, 23 hours and 2 hours

30 minutes after the sunrise.

®traps baited 2 hours 30 minutes before sunset and checked 2 hours 30 minutes after sunrise.

cgrid operated continually for 24 hours with checking periods each 2 hours 45 minutes.

dtraps baited 2 hours 30 minutes before sunset and checked at 23 hours and 2 hours 30 minutes after sunrise.
¢grid operated continually for 24 hours with checking periods at sunset and 1 hours after sunrise.

3. Results

Fifteen rodent and three marsupial species were
recorded through both trapping and prey consumed by
White-tailed Kites and Barn Owls (Table 2). Sixteen
species were sampled in traps (all vegetation types
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combined). Fourteen mammal species were preyed on
by owls (excluding bats), and 10 by kites (Didelphis
albiventris Lund, 1840, Oryzomys angouya (Fischer,
1814), Calomys sp., and Oxymycterus sp.l were
preyed on by owls, but not by kites). Four species were
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Table 2. Small mammals trapped and prey in the diet of Barn Owls (7yfo alba) and White-tailed Kites (Elanus leucurus)
in Venancio Aires, Rio Grande do Sul state, southern Brazil. Figures for small mammals consumed by owls are minimum
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number of specimens because we only identified right and left upper maxillaries (see details in methods).

Species Trapping (%) Predator’s diet (%)
Cultivated Uncultivated Native forest Tyto alba Elanus
fields fields fragments leucurus
RODENTIA
CRICETIDAE
Akodon paranaensis 15(5.7) 567 (34.2) 26 (49.1) 40 (1.9) 113 (5.2)
Euryzygomatomys spinosus - 7(0.4) - - -
Necromys lasiurus 5(1.9) 92 (5.5) - 75 (3.6) 132 (6.1)
Nectomys squamipes - 3(0.2) - - -
Bruceppatersonius iheringi - - 5(9.4) 4(0.2) 1(<0.1)
Calomys sp. - - - 6(0.3) -
Holochilus brasiliensis - 1(<0.1) - 16 (0.8) 1(<0.1)
Oligoryzomys nigripes 93.4) 123 (7.4) 21(39.6) 105 (5.0) 35(1.6)
Oryzomys angouya - 3(0.2) - 1(<0.1) -
Oxymycterus sp.1 - 22 (1.3) - 2(0.1) -
Oxymycterus sp.2 - 7(0.4) - - -
CAVIIDAE
Cavia aperea - 1(<0.1) - 3(0.1) 37 (1.7)
MURIDAE
Mus musculus 228 (86.7) 461 (27.8) - 1703 (81.6) 1460 (67.3)
Rattus norvegicus - - - 1(<0.1) 1(<0.1)
Rattus rattus - 10 (0.6) - 65 (3.1) 24 (1.1)
Rattus sp. - - - - 7(0.3)
Unidentified rodents - - - 27 (1.3) 87 (4.0)
MARSUPIALIA
Didelphis albiventris - 1(<0.1) - 1(<0.1) -
Gracilinanus agilis - 3(0.2) - - -
Monodelphis dimidiata 6(2.3) 358 (21.6) 1(1.9) 13 (0.6) 168 (7.7)
CHIROPTERA
Molossus molossus (Pallas, 1 1766) - - - 1(<0.1) -
Tadarida brasiliensis (1. Geofttroy, 1824) - - - 6(0.3) -
Unidentified bats - - - 1(<0.1) -
AVES - - - 15 (0.7) 95 (4.4)
ANURA - - - 2(0.1) -
REPTILIA - - - - 5(0.2)
INSECTA - - - - 4(0.2)
Total specimens 263 (100) 1659 (100) 53 (100) 2087 (100) 2170 (100)
Richness* 5 15 4 14 10
*Refers to rodent and marsupial species.
captured in traps only (Nectomys squamipes (Brants, (Olfers, 1818), Monodelphis dimidiata (Wagner,

1827), Euryzygomatomys spinosus (G. Fischer, 1814),
Oxymycterus sp.2, and Gracilinanus agilis (Burmeister,
1854)). Rattus norvegicus (Berkenhout, 1769) appeared
only in the predators’ diets, and Calomys sp. was tak-
en only by Barn Owls. The “capoeira” presented the
greatest richness, being inhabited by 10 rare to rela-
tively rare small mammal species, and five common
to relatively common ones (Oligoryzomys nigripes

1847), Mus musculus Linnaeus, 1758, A. paranaensis,
and N. lasiurus). Crop fields were widely dominated
by M. musculus. Native forest fragments were prima-
rily inhabited by O. nigripes and A. paranaensis, and
secondarily by Bruceppatersonius iheringi (Thomas,
1896).

Additionally, during the study we sighted the fol-
lowing mammal species: Sciurus aestuans Linnaeus,
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1766, Coendou prehensilis (Linnaeus, 1758), Dasypus
novemcinctus  Linnaeus, 1758, Cerdocyon thous
(Linnaeus, 1766), Galictis cuja (Molina, 1782), Procyon
cancrivorus (G.[Baron] Cuvier,1798), Myocastor coypus
(Molina, 1782), and Lepus europaeus Pallas, 1778.

4. Discussion

4.1. Small mammal diversity in southern Brazil

We found a prominent richness of terrestrial small
mammals in the agricultural area in southern Brazil. Prey
in the predators’ diet and trapping yielded 15 native small
mammals (three marsupial and 12 rodent species), be-
sides the three introduced Old-World murides. This rela-
tively high richness could be accounted, at least in part,
to our sampling effort. Although it cannot be adequately
expressed in terms of trap nights, mainly because of the
highly variable checking periods among the sites sam-
pled (see Table 1), it can be assumed that our trapping
sample is well representative, especially for uncultivated
fields, since it covered all seasons, at least three years,
as well as many sites. The same is true for the diet of
both predators. As a result, species apparently very rare
in our study area such as Euryzygomatomys spinosus,
Calomys sp., Oryzomys angouya, Oxymycterus sp.2, and
Gracilinanus agilis were detected.

4.2. Differences in habitat composition

The “capoeira” supported the greatest terrestrial
small mammal richness among the three habitats
studied, harboring 15 species (Table 2). Five species
are common to relatively common in this habitat,
0. nigripes, M. dimidiata, M. musculus, A. paranaensis,
and N. lasiurus. Although only one individual of
C. aperea Erxleben, 1777 was trapped, we believe that
this rodent is also relatively common in uncultivated
fields, since we often saw it in these habitats. The small
mammal community inhabiting “capoeiras” in south-
ern Brazil can be understood as a mixture of species
having three origins: (1) those that probably already
occurred in the local native forest such as O. nigripes
and A. paranaensis, (2) cosmopolitan exotic species,
primarily M. musculus, and (3) common grassland and
savanna inhabitants such as M. dimidiata, N. lasiurus,
and C. aperea. The uncultivated fields are formed of
an herbaceous stratum composed primarily of grasses,
and by a poorer stratum of shrubs, mostly of Baccharis
spp. Despite this relatively low structural complexity,
the herbaceous stratum presents high biomass, form-
ing a dense cover, that provides both protection against
predators and availability of resources such as food and
nest sites. Uncultivated fields also may be important
refuges and/or foraging sites to other mammals such
as D. novemcinctus, C. thous, and G. cuja, since we
frequently sighted them in those habitats. Our mam-
mal list just included those species documented by us.
According to reports by local people, additional spe-
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cies such as other armadillos, felids, etc, may be added
to the list hereafter.

The crop fields are permanently disturbed sites
due to agricultural practices. Although O. nigripes and
A. paranaensis were present, the small mammal commu-
nity in these habitats was widely dominated by the exotic
M. musculus, indicating its high potential in taking ad-
vantage of these structurally simple and highly disturbed
habitats in southern Brazil.

Nowadays, the native formation of deciduous sea-
sonal forest in our study area is drastically reduced and
highly fragmented, having been replaced by agroecosys-
tems. The forest fragments we sampled were extremely
small (<1 ha) and isolated. Small mammal species that
are habitat specialists or those that have low dispersal
potential, leading to problems of gene flow, may be ab-
sent from these small fragments of the native forest. Note
that the two most common species in forest fragments,
0. nigripes and A. paranaensis, are common to relative-
ly common in uncultivated and crop fields as well, at-
testing their high tolerance to different degrees of habitat
disturbance and dispersal potential. Bruceppatersonius
itheringi, on the other hand, is apparently restricted to the
native forest. It is important to point out that our trapping
effort in forest fragments was considerably lower than
in crop fields and “capoeiras”. Some species could be
added to the forest fragments, increasing their richness,
if more trapping was conducted. However, the rodents
O. nigripes and A. paranaensis are likely the main in-
habitants of these small and isolated fragments of native
forest in southern Brazil.

4.3. Trapping vs. Predators’ diet for inventorying small
mammals

Our results indicated that each one of the three meth-
ods studied for inventorying small mammals in south-
ern Brazil (prey in the diet of Barn Owls, White-tailed
Kites, and trapping) presented typical peculiarities.
Trapping detected 16 species, owl sampling 14 (exclud-
ing bats), and kites 10. Four species were captured in
traps only, one only by both predators, and one only by
owls. Besides the species presence/absence criterion,
there are other interpretations that also must be taken
into account when comparing these sampling method-
ologies. For instance, trapping was inefficient in de-
tecting Holochilus brasiliensis (Desmarest, 1819) and
C. aperea, since only one individual of each was trapped
(< 0.1% or 1/1975 specimens). On the other hand, the
former would be more “easily” detected by examining
the owl’s diet (0.8% or 1/130 prey items) and the latter,
by the kite’s diet (1.7% or 1/59 prey items). Holochilus
brasiliensis is a semi-aquatic species that was rare in our
study area, since marshy environments are uncommon.
Barn Owls are likely to be capturing it by concentrating
their hunting effort in some small marshes. On the other
hand, the extremely low frequency of C. aperea in traps
cannot be due to its rarity in the study site because we
often sighted it in uncultivated fields. The trap size used
was possibly inappropriate to capture adults of C. aperea
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(~ 500 g), but not juveniles. Thus, based on our sampling
effort and the apparent abundance of C. aperea, it would
be expected to have been more trapped if this methodol-
ogy was effective to sample C. aperea. Another possibil-
ity is that Barn Owls and White-tailed Kites could be
hunting in an area larger than our study site. However,
this probably would not have changed significantly the
results found here because the landscape of the region is
basically the same.

Although Barn Owls caught more small mammal
species than White-tailed Kites, 14 vs. 10, one of the
most trapped species, the marsupial M. dimidiata, had
very low frequency in the diet of owls (0.6%). Kites, on
the other hand, were better in sampling this marsupial
(7.7%). Such a difference was also observed in the fre-
quency of C. aperea between the diet of owls and kites
(0.1 vs. 1.7%). Probably, one of the most important fac-
tors influencing their frequencies in the predators’ diet
is the difference between the activity period of the owl
(nocturnal) and the kite (diurnal). Both M. dimidiata and
C. aperea are mainly diurnal (Pine et al., 1985; Gonzilez,
2001). Consequently, they should be more available for
the White-tailed Kite.

Concluding, the identification of prey in the diet of
Barn Owls, White-tailed Kites, and trapping were com-
plementary methods for inventorying terrestrial small
mammals in southern Brazil, since together, rather than
individually, they produced a better picture of the local
richness. A similar conclusion has been obtained else-
where (Bonvicino and Bezerra (2003) by comparing
prey caught by the Barn Owl with trapped samples in
the cerrado of central Brazil, and Jaksi¢ et al. (1999), by
comparing prey consumed by foxes (Pseudalopex spp.),
Barn Owls and trapping in the Atacama desert, Chile).
Although Jaksi¢ et al. (1981) observed that the diet of
Barn Owls was a better method in central Chile com-
pared to the diet of culpeo foxes (Dusicyon culpaeus
(Molina, 1782)), Harris” hawks (Parabuteo unicinctus
Temminck, 1824), and trapping.

The identification of small mammal species from the
diet of Barn Owls and White-tailed Kites could be used
more frequently as an alternative or additional method for
inventorying terrestrial small mammals that inhabit open
to moderately open environments such as fields, swamps,
savannas, and deserts. These birds of prey are particular-
ly appropriate for this purpose. Both are small mammal
specialists. They can be easily found in the environment.
Barn Owls often roost and nest in human buildings,
where a large number of pellets and prey remains are
concentrated. White-tailed Kites are conspicuous birds,
easily identified by their bright plumage and character-
istic hovering while hunting. Their regurgitated pellets
can be obtained from roost and nest sites, as well as from
communal night roosts during the non-breeding season
(Morgan, 1948; Waian and Stendell, 1970). Mammalian
prey remains regurgitated by both stay relatively well
preserved, allowing a secure identification at a species
level. Structures such as skulls could be used for revision

studies on rare small mammal species or those difficultly
trapped. The biogeography of a given species or genus
could be better defined through its presence in the diet of
these predators, since they show a wide distribution (the
Barn Owl is cosmopolitan and the White-tailed Kite has
Neartic and Neotropical distribution)
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