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Abstract

I examined the diet of breeding White-tailed Kites (Elanus leucurus; Aves; Accipitridae) and Barn Owls (Tyto alba;
Aves; Tytonidae) in an agrarian area of southern Brazil by analyzing regurgitated prey remains. The objective was to
evaluate how these raptors, which differ markedly in their hunting activity periods (owls are nocturnal and kites di-
urnal), share their mammalian food component. 2,087 prey consumed by Barn Owls and 1,276 by White-tailed Kites
were identified. They presented a high overlap of food-niches (Pianka’s index was 0.98). Based on the daily activity
period of their main small mammal prey, a lower overlap would be expected. The crepuscular/nocturnal Mus musculus
was the main prey for the diet of breeding Barn Owls (81%) and White-tailed Kites (63%). This small exotic rodent
provided 63% of the small mammal biomass ingested by owls and 44% by kites. Larger native small mammals were
also considered important for the diet of kites, mainly because of their biomass contribution. Although these raptors
differ markedly in their hunting activity periods, Barn Owls and White-tailed Kites are very similar predators in south-
ern Brazil, overlapping their diets.
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Partilha de alimento entre o gaviao-peneira (Elanus leucurus; Aves; Accipitridae) e a
coruja suindara (Tyto alba; Aves; Tytonidae) durante a reproducio no sul do Brasil

Resumo

Examinaram-se as dietas do gavidao-peneira (Elanus leucurus; Aves; Accipitridae) e da coruja suindara (Tyto alba; Aves;
Tytonidae) em atividade reprodutiva numa drea agricola no Sul do Brasil, analisando restos de presas regurgitadas. O
objetivo foi avaliar como estes predadores que diferem marcadamente quanto aos seus periodos de atividade de caca
(a coruja € noturna e o gaviao diurno) partilham seu componente alimentar de pequenos mamiferos. Identificaram-se
2087 presas consumidas pela suindara e 1276 pelo gavido-peneira. Eles apresentaram uma alta sobreposi¢@o de seus
nichos alimentares (indice de Pianka de 0,98). Com base no periodo didrio de atividade de suas principais presas de
pequenos mamiferos, uma sobreposi¢do menor seria esperada. O roedor crepuscular/noturno Mus musculus foi a prin-
cipal presa para a dieta da suindara (81%) e do gavido-peneira (63%). Este pequeno roedor exético forneceu 63% da
biomassa de pequenos mamiferos ingerida pela coruja e 44% pelo gavido. Espécies maiores de pequenos mamiferos
nativos também foram importantes para a dieta do gavido-peneira, principalmente devido as suas contribui¢des de bio-
massa. Embora haja diferencas marcantes quanto aos seus periodos de atividade de caga, a suindara e o gavido-peneira
sdo predadores muito semelhantes no Sul do Brasil, sobrepondo amplamente suas dietas.

Palavras-chave: dieta reprodutiva, presas de pequenos mamiferos, Elanus leucurus, Tyto alba, Brasil.

1. Introduction

The White-tailed Kite (Elanus leucurus; Aves; and Stendell, 1970; Schlatter et al., 1980; Jaksi¢ et al.,

Accipitridae) is a small raptor that inhabits mainly low- 1987). This kite is considered a small mammal special-
lands in the western and southern United States, Mexico, ist, preying mainly on rodents (Mendelsohn and Jaksic,
Central and South America (Dunk, 1995). It restricts 1989; Dunk, 1995).

hunting to open and moderately open environments such The Barn Owl (Tyto alba; Aves; Tytonidae) is a rap-

as grasslands, marshes, and agricultural areas (Waian tor widely distributed in the world that also preys prima-

Braz. J. Biol., 67(1): 65-71, 2007

65



66

Scheibler, DR.

rily on small mammals (Jaksi¢ et al., 1982; Marti, 1988;
Bellocq, 2000) in open areas such as fields (Fast and
Ambrose, 1976; Bellocq, 1990, 2000).

White-tailed Kites and Barn Owls are also similar in
body size and food requirements (Bozinovic and Medel,
1988). Despite these ecological similarities between
them (hunting habitat, food requirements, and speciali-
zation in small mammals) and a fundamental difference
concerning their hunting activity periods (diurnal for
kites and nocturnal for owls), little is known about their
food partitioning in the Americas (Jaksi¢ et al., 1981),
where they are sympatric in many regions and in a vari-
ety of habitats (Jaksi¢ et al., 1981; Jaksi¢, 1983; Leveau
et al., 2002).

One of the most important factors influencing prey
frequencies in the diet of many predators is the total time
of overlap between the activity period of predators and
prey (Jaksi¢ et al., 1981). For predators such as White-
tailed Kites and Barn Owls, which prey on active small
mammals, it is expected that the prey consumed are ac-
tive during the predator’s foraging period. Despite this
important feature, prey frequencies in the diet of White-
tailed Kites and Barn Owls have been rarely examined
simultaneously and discussed in terms of the daily activ-
ity period of their prey (Jaksi¢ et al., 1981).

In Brazil, only a few studies have examined the
diet composition of Barn Owls in central (Motta-Jinior
and Talamoni, 1996; Bonvicino and Bezerra, 2003) and
southern Brazil (Gonzélez et al., 1999; Scheibler and
Christoff, 2004), as well as of White-tailed Kites in
southern Brazil (Scheibler et al., 2001; Scheibler, 2004).

Small mammal prey partitioning between breeding
White-tailed Kites and Barn Owls in an agrarian area of
southern Brazil were evaluated. Furthermore, data on
relative abundance and daily activity period of their main
small mammal prey is provided.

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. The topography is relatively flat (approximately
50 m elevation). The climate is subtropical-humid, with
a mean annual temperature ranging between 18 and
20 °C. The average annual rainfall of about 1,700 mm
is evenly distributed throughout the year. The original
vegetation of deciduous seasonal forests is quite reduced
today, having been replaced by agriculture. For more
details on relief, climate, and vegetation see Fundacéo
IBGE (1986). The present landscape is a mosaic of veg-
etation types, prevailing crop fields of annual cultures
such as tobacco, bean, and cassava. However, in terms
of the total area used, corn crops prevail. Another im-
portant vegetation type is locally known as “capoeira”,
an ungrazed environment mostly consisting of grasses
and shrubs of Baccharis spp. It was estimated that
crop fields cover 70% of the study area, followed by

“capoeiras” (approximately 20%). The remaining area
consists mainly of small patches of native forest, euca-
lyptus plantations, small swamps and cattle pasture.

2.2. Sampling and prey analysis

In November 1999, remains which were regurgi-
tated by Barn Owls (mainly small mammals) from six
nests were collected. These remains were accumulated
forming a pile of old fragmented pellets in and around
the nests. Invertebrate remains such as insect parts were
probably not preserved. Therefore, only osteological
remains for Barn Owls were analyzed. It is not known
when these remains were regurgitated nor if the six nests
correspond to six different years.

For breeding White-tailed Kites, 73 regurgitated pel-
lets between December 1997 and February 1998, 233 be-
tween September 1998 and February 1999, 273 between
September 1999 and February 2000, and 81 between
October 2000 and November 2000 were collected. In
Venancio Aires, it was observed that the breeding season
of the White-tailed Kite starts in August-September (egg-
laying and incubation) lasting up to January-February,
when adults interrupted parental care. Pellets were col-
lected under active nests and at roosts near these nests.
White-tailed Kites were relatively rare in the study area.
In every breeding season, pellets from two pairs were
collected; however, the identity of the individuals sam-
pled during the study period is not certain.

Additionally, during October, 2001 62 pellets of
two pairs of breeding White-tailed Kites and 71 of Barn
Owls (from one nest) were collected. These individuals
of kites and owls were not the ones mentioned above.
As there are whole pellets of Barn Owls and because the
time in which they were regurgitated for both raptors is
known, these data is separate.

The consumed small mammals based on cranial
structures were identified, primarily from a morphologi-
cal pattern of teeth, which were compared with a col-
lection of small mammals captured in the study area
and from the mammal collection of the Department of
Zoology of the Universidade Federal do Rio Grande do
Sul. For Barn Owls, where the sample in question was
a mixture of osteological remains belonging to several
prey, right and left upper maxillaries (hemimaxillas) of
small mammals were identified because the distinction
between remains of adults of two rodent species, Akodon
paranaensis and Necromys lasiurus, was only possible
based on the incisive foramen position, due to the great
molar tooth wear. This structure is only found on the
upper maxillaries. Mammalian prey specimens such as
juveniles and adults were also identified. For rodents, as
in Schlatter et al. (1980), the degree of molar tooth wear
was used. For marsupials, the size of maxillaries was
used because of the low degree of tooth wear presented
by adults.

In addition to the proportion of prey taken, the bio-
mass provided by small mammals to the raptors’ diet was
calculated. Based on the size of the maxillaries examined
and using reference specimens collected in the study
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area, the mean body mass of juveniles to be half that
of adults was assumed. I obtained body masses of adult
N. lasiurus, A. paranaensis, Mus musculus, Oligoryzomys
nigripes, and Monodelphis dimidiata from specimens
collected in the study area. The body mass of Holochilus
brasiliensis was obtained from the mammal collection of
the Department of Zoology at the Universidade Federal
do Rio Grande do Sul. The body mass of Rattus rattus
was obtained from Tamarin and Malecha (1972), and
body masses of Cavia aperea and Rattus norvegicus
from Silva (1994). Body masses of the bats Molossus
molossus and Tadarida brasiliensis were arbitrarily
estimated to be the midpoint of the body mass ranges
reported by Mares et al. (1989). The overlap of food-
niches between the kites and owls using the index de-
scribed by Pianka (1974) were evaluated which renders
values ranging between 0 and 1 (null to complete over-
lap). Differences in the relative frequency of prey species
between the raptors’ diet were statistically analyzed by
means of G-tests. Differences in the size of small mam-
mals consumed by kites and owls were tested by means
of the Mann-Whitney U-test.

2.3. Daily activity and abundance of mammalian prey

During January 2002 (Summer), June 2002 (Winter),
October 2003 (Spring), and April 2004 (Fall), the dai-
ly activity period of small mammals live-trapped in
“capoeiras” of the study area were assessed. Grids were
set consisting of five lines with 15 traps/line and by a
sixth line with six traps (81 traps/grid). Lines and traps
were spaced by 10 m. For every season, the grid was
operated for six days of capturing, alternating days with
and without capturing. Afterwards, the grid was moved
to another area where small mammals were live-trapped
for three more days. Moving the grid and alternating
days with and without capturing prevented the animals
from becoming “trap happy”, becoming active dur-
ing atypical periods. Moving the grid also enabled me
to sample more individuals. Sampling corresponded to
24 hours of continuous capture, except for the summer,
when the hottest hours of the day were avoided because
the animals died due to the heat. Traps were checked every
2 hours 45 minutes. For every season, the trap-checking
periods were adjusted to coincide with the sunrise and
sunset. This enabled me to distinguish periods of diur-
nal, nocturnal, and crepuscular activity. For the analyses,
records of the same individuals captured in a subsequent
checking period were disregarded because it was not pos-
sible to know if a consecutive record reflected effective
activity during this period or if the animal simply entered
a trap it found while searching for its shelter. However,
most records were not subsequent. A daily activity pe-
riod is part of a wider study on the community ecology
of small mammals in southern Brazil. For the purpose
of the study presented here, I compare the proportion
between crepuscular (records obtained for the periods
of 2 hours 45 minutes after sunset and before sunrise)
diurnal, and nocturnal activity.
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During October 2001 (Spring) and April 2002 (Fall),
information was obtained on relative abundance of small
mammals in crop fields and ungrazed sites (“‘capoeiras’)
of the study area. For each vegetation type and season, a
grid of 133 live-traps was set which operated for six con-
secutive days. Grids were operated between two hours
before sunset and two hours after sunrise. The grid had
19 trap lines spaced 8 m apart. Lines had seven traps
also spaced 8 m apart. The total capture effort for each
vegetation type and season was 798 trap-nights. For both
the abundance and activity rhythm study, wire mesh cage
traps were used (10 x 10 x 22 cm) baited with a mixture
of peanut butter and sardines.

3. Results

1,276 prey consumed by the White-tailed Kite
and 2,087 by the Barn Owl (Tables 1, 2) were identi-
fied. Breeding kites and owls presented very similar
diets. Pianka’s index value was 0.98. The cosmopoli-
tan rodent M. musculus was the main prey of kites and
owls both in terms of frequency and biomass provided
(Table 1). Owls consumed more M. musculus (G, =126.5,
p <0.0001), O. nigripes (G, = 18.3, p <0.0001), and
R. rattus (G, = 17.7, p <0.0001); and kites took more
M. dimidiata (G, = 1459, p <0.0001), C. aperea
(G, = 32.8, p <0.0001), N. lasiurus (G, = 20.9,
p <0.0001), A. paranaensis (G, = 26.3, p <0.0001),
and birds (G, = 59.3, p <0.0001).

Mammalian prey consumed by owls (n = 1,769)
were smaller than those taken by kites (n = 996) (Mann-
Whitney U-test = 691450.5, p <0.0001). The analysis of
the pellets collected during October, 2001 presented sim-
ilar results to the remaining study (Table 2), indicating
that insects and other invertebrates have little importance
for the diet of breeding Barn Owls in southern Brazil.

The daily activity period of M. musculus, A. para-
naensis, and O. nigripes was mainly nocturnal/crepus-
cular; N. lasiurus was mainly diurnal/crepuscular, and
M. dimidiata was predominantly diurnal (Figure 1). Mus
musculus was the most abundant small mammal in crop
fields, and the native species were more common in un-
grazed areas (Table 3).

4. Discussion

Although the White-tailed Kite and Barn Owl differ
markedly in their hunting activity periods, they present
a high overlap of food-niches during the breeding in the
agrarian area of southern Brazil. Based on the daily ac-
tivity period of their main small mammal prey, a lower
overlap would be expected. Differences in the prey fre-
quencies between the diet of owls and kites would be
expected for M. dimidiata, N. lasiurus, and O. nigripes.
Also for birds, C. aperea, a diurnal rodent (Gonzilez,
2001), and R. rattus, a nocturnal species (Emmons and
Feer, 1997). On the other hand, it is interesting that the
mainly crepuscular/nocturnal A. paranaensis is taken
more often by the diurnal kite. Likewise, the crepuscular/
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Table 1. Prey in the diet of breeding White-tailed Kites and Barn Owls in Venancio Aires. J = juveniles, A = adults. Figures
for small mammals consumed by owls are minimum number of specimens because only right and left upper maxillaries were

identified (see details in methods).

White-tailed Kite Barn Owl
Prey (adult body mass in Number of biomass Number of biomass
grams) individuals supplied (%) individuals supplied (%)
A J Total(%) A J Total A J  Total (%) A J Total
RODENTIA

Akodon 47 15 62 (5) 9 1 10 13 21 34 (2) 2 1 3

paranaensis (42)

Necromys lasiurus (46) 45 44 89 (8) 9 4 13 36 32 68 (4) 5 2 7

Brucepattersonius - 1 1(<1) - - - 3 1 4 (<1) - - -

itheringi

Calomys sp. - - - - - - 5 1 6 (<1) - - -

Holochilus - 1 1(<1) - 1 1 2 12 14 (1) 2 6 8

brasiliensis (284)

Oligoryzomys 14 12 26 (2) 2 1 3 47 49 96 (5) 4 2 6

nigripes (27)

Oryzomys sp. - - - - - - - 1 1(<1) - - -

Cavia aperea (500)* - - 27 (2) - 15 15 - 3 3(<1) -1 1

Mus musculus (17) 444 289 733 (63) 33 11 44 771 711 1,482 &1) 43 20 63

Rattus norvegicus (350) - 1 1(<1) - 1 1 - 1 1 (<1) - 1 1

Rattus rattus (92) 2 7 9(1) 1 2 4 48 52 (3) 1 7 8

Rattus sp. - - 5(<1) - - - - - - - - -

Unidentified - - 38 (3) - - - - - 25 (1) - - -
MARSUPIALIA

Monodelphis 42 33 1109 8 3 11 3 9 12 (1) <l <1 <l

dimidiata (41)

CHIROPTERA

Molossus - - - - - - 1 - 1(<1) <1l - <1

molossus (12)

Tadarida - - - - - - 6 - 6 (<1) <l - <1

brasiliensis (16)

Unidentified - - - - - - - - 1(<1) - - -
BIRDS - - 62 (5) - - - - - 14 (1) - - -
ANURANS - - - - - - - - 2 (<1) - - -
REPTILIA - - 4 (<1) - - - - - - - - -
INSECTA - - 1(<1) - - - - - - - - -

Total prey 1,169 1,822

Mean weight of small 2241214 171 +17.7

mammal prey + SD(g)

“‘Body mass used to estimate the biomass provided was 125 g because all individuals consumed by both raptors were young;
®Includes those individuals not identified into age classes. In this case, the % of biomass supplied is underestimated.

nocturnal M. musculus consists of more than 60% of the
prey consumed by kites. It should not be forgotten that the
period of activity defined here as crepuscular corresponds
to 2 hours 45 minutes after sunset and before sunrise.
Obviously, only part of this is really crepuscular. Suitable
daylight for kites at these periods lasts approximately
30 minutes. Thus, mammalian prey at a crepuscular ac-
tivity such as A. paranaensis and as M. musculus should

be more available for the nocturnal Barn Owl than for
the diurnal White-tailed Kite. This phenomenon could be
accounted for by at least two factors (or a combination
of both): 1) high abundance of M. musculus; and 2) dif-
ferential vulnerability of prey. Mus musculus is the most
abundant small mammal in the agrarian area of southern
Brazil, occurring in high densities in crop fields, which
consist of most of the land cover (approximately 70%
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Akodon paranaensis

Mus musculus
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Figure 1. Seasonal daily activity period of small mammals in Venancio Aires. Values at the top of the columns are number of

individuals studied and records (in brackets).

of the study area). Thereby, in spite of its low diurnal
activity, M. musculus still could be considerably more
abundant than other mammalian prey for the White-
tailed Kite. Concerning the second factor, M. musculus,
and also A. paranaensis, could be more vulnerable to the
predation during the day, as well as at dawn and dusk. It
has been demonstrated that White-tailed Kites frequently
hunt during the first and last hours of the day (Waian and
Stendell, 1970; Warner and Rudd, 1975; Jaksi¢ et al.,
1987). In the study area, they were observed hunting
after sunset and before sunrise, but there is no informa-
tion concerning their crepuscular hunting success or
which prey are taken at these periods. In central Chile,
the White-tailed Kite has been characterized as a crepus-
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cular predator, as indicated by the activity period of its
small mammal prey (Jaksi¢ et al., 1981).

In central Chile, Meserve (1977) suggested that when
M. musculus is the primary prey, the White-tailed Kite
might not be able to breed successfully since this rodent
provides less energy per prey item. In southern Brazil,
the contribution of M. musculus in the diet of breeding
kites is high; however, lower than for breeding owls.
Larger small mammals such as the native species have
a higher contribution for the diet of kites. This could be
important for their reproduction in southern Brazil be-
cause the availability of the small M. musculus during
the kites’ foraging period (remember that M. musculus
is mainly crepuscular/nocturnal) could not be highly suf-
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Table 2. Prey in the diet of White-tailed Kites and Barn Owls during October 2001 in Venancio Aires.

Prey White-tailed kite Barn owl
Numbers (%) Numbers (%)

RODENTIA

Akodon paranaensis 5(5) 6(Q2)

Holochilus brasiliensis - 2(1)

Mus musculus 70 (65) 221 (83)

Necromys lasiurus 3(3) 73)

Oligoryzomys nigripes 2(2) 9(3)

Rattus rattus 2(2) 13 (5)

Unidentified 6(5) 4(1)
MARSUPIALIA

Didelphis sp. - 1(<1)

Monodelphis dimidiata 18 (17) 1(<1)
BIRDS 1(1) 1(<1)
Total 107 (100) 265 (100)

Table 3. Abundance of small mammals in the most common vegetation types of Venédncio Aires. Density = number of indi-

viduals per hectare.

Species Spring Fall
Crop field Ungrazed area Crop field Ungrazed area
Individuals Density Individuals Density Individuals Density Individuals Density
(%) (%) (%) (%)

Akodon paranaensis 7 (6) 5.8 24 (43) 19.8 3(5) 2.5 38 (55) 31.4
Gracilinanus sp. - - 1(2) 0.8 - - - -
Monodelphis 1(1) 0.8 20 (36) 16.5 - - 10 (14) 8.3
dimidiata
Mus musculus 99 (92) 81.8 1(2) 0.8 48 (90) 39.7 13 (19) 10.7
Necromys lasiurus - - 7(12) 5.8 3(5) 2.5 8(11) 6.6
Oligoryzomys 1(1) 0.8 2(3) 1.6 - - - -
nigripes
Oxymycterus sp. - - 1(2) 0.8 - - 1(1) 0.8
Total 108 (100) 89.2 56 (100) 46.1 54 (100) 44.7 70 (100) 57.8

ficient to provide the food intake necessary and because
larger prey give them a higher energetic reward. Warner
and Rudd (1975) found that the proportion of large mam-
malian prey was higher in the diet of breeding White-
tailed Kites than non-breeding ones in California. In
South Africa, Slotow and Perrin (1992) found the same
for the closely related species, the Black-shouldered Kite
(E. caeruleus). On the other hand, Barn Owls breed suc-
cessfully in southern Brazil preying heavily on small
mammalian prey such as M. musculus. The second prey
more consumed by owls, O. nigripes, is also relatively
small (see Table 1 for prey body masses). Certainly, a
high nocturnal availability of such “light” prey must be
necessary for owls to obtain the food intake sufficient
to breed successfully in the agrarian area of southern
Brazil.
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