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ABSTRACT.—Breeding populations of raptors are sometimes limited by nest-site availability and the use of
nest boxes to bolster such populations is widespread. In the neotropical forest, little is known about the
ecology of cavity-nesting raptors and their use of nest boxes. Here we examine occupancy patterns of nest
boxes by five raptor species during eight years in a semiarid forest of central Argentina: the American
Kestrel (Falco sparverius), the Spot-winged Falconet (Spiziapteryx circumcincta), the Tropical Screech-Owl
(Megascops choliba), the Barn Owl (Tyto alba), and the Ferruginous Pygmy-Owl (Glaucidium brasilianum).
We analyze the influence of vegetation type on nest-box selection, report cases of nest usurpation, and
present information on the breeding rates of some of these species. The raptor species showed a marked
selection for nest boxes surrounded by grassland, where hunting success may be higher, and avoided those
nest boxes placed in habitats dominated by dense shrublands. We observed two cases of nest usurpation
(i.e., a species takes over active nests of another species for breeding purposes), in which two different
boxes were occupied almost simultaneously by the Ferruginous Pygmy-Owl and the American Kestrel.
KEY WORDS: Argentina; breeding; neotropical raptors; nest boxes; nest usurpation; reproductive rate; semiarid forest.

OCUPACIÓN DE CAJAS NIDO POR RAPACES NEOTROPICALES EN UN BOSQUE NATIVO DEL CENTRO DE ARGENTINA
RESUMEN.—Las poblaciones reproductivas de aves rapaces a menudo se encuentran limitadas por la disponibilidad de sitios de nidificación, y los programas de cajas nido para aumentar dichas poblaciones han
sido ampliamente implementados. En los bosques neotropicales poco se conoce acerca de la ecologı́a de las
rapaces que nidifican en cavidades y de la ocupación de las cajas nido por su parte. En este trabajo
examinamos los patrones de ocupación de cajas nido por parte de cinco especies de rapaces durante ocho
años en un bosque semiárido del centro de Argentina: Falco sparverius, Spiziapteryx circumcincta, Megascops
choliba, Tyto alba y Glaucidium brasilianum. Analizamos si el tipo de vegetación que rodea las cajas nido
influye en su selección, reportamos casos de usurpación de nidos y presentamos datos de la biologı́a
reproductiva de algunas de las especies. Estas especies mostraron una marcada selección, siendo más
usadas aquellas cajas que presentaban pastizales en sus alrededores, donde el éxito de caza podrı́a ser
mayor, y evitaron aquellas cajas situadas en zonas donde la vegetación dominante era el arbustal cerrado.
Observamos dos casos de usurpación de nidos (es decir, una especie ocupa nidos activos de otra especie
con fines reproductivos), donde dos cajas diferentes fueron ocupadas simultáneamente por G. brasilianum y
Falco sparverius.
[Traducción de los autores editada]
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Secondary cavity-nesting birds require existing tree
cavities for their reproduction, which may limit their
population numbers (Newton 1994, 1998, Cockle et
al. 2011). Most data on natural cavities and nest-box
use has come from human-modified landscapes in
North America and Europe (Wiebe 2011). However,
in the neotropical forest, little is known about the
ecology of cavity-nesting birds or the availability of
suitable nest sites in mature or disturbed forests
(Cornelius et al. 2008, Cockle et al. 2011).
To supplement the limited number of natural
cavities available, many nest-box programs have
been developed for several avian species, and the
use of nest boxes to bolster and maintain raptor
populations is widespread (Millsap et al. 1987,
Katzner et al. 2005, Smallwood and Collopy 2009).
In addition, the use of artificial nest sites is valuable
for studies of cavity-nesting birds, facilitating collection of data on reproduction, clutch size, and nestling growth rate (Lambrechts et al. 2012).
In the semiarid forest of central Argentina there are
five species of raptors that use cavities (or nest that
resemble cavities, such as Monk Parakeet [Myiopsitta
monachus] nests) and that, consequently, could potentially accept nest boxes for breeding: (i) the American
Kestrel (Falco sparverius); (ii) the Spot-winged Falconet
(Spiziapteryx circumcincta); (iii) the Tropical ScreechOwl (Megascops choliba); (iv) the Barn Owl (Tyto alba)
and the Ferruginous Pygmy-Owl (Glaucidium brasilianum; Bechard et al. 2004, Liébana et al. 2009). The
semiarid forests potentially provide a variety of cavities
that these species can use: natural cavities in dried or
burned wood of Caldén (Prosopis caldenia), woodpeckers’ holes (Veniliornis mixtus, Colaptes campestris, C. melanochloros), or nests of bird species that resemble tree
cavities, such as Monk Parakeet nests, as well as most
of the nests of the Furnariidae family.
In this study, we examined the: (a) occupancy
patterns of nest boxes by these five raptor species
during 8 yr; and (b) the influence of surrounding
vegetation types on nest box selection by raptors. In
addition, we also reported cases of nest usurpation/
interspecific competition, as well as some basic information on breeding biology.
STUDY AREA AND METHODS

The study area was located in south-central Argentina in the Parque Luro Natural Reserve (36u559S,
64u169W). The reserve (7604 ha) consists mainly of
xerophytic open forest of Caldén (Prosopsis caldenia),
which represents the characteristic landscape of the
Espinal biome in the semiarid pampas of Argentina
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(Sarasola et al. 2005). This semiarid forest has hot
summers and cold winters with low humidity and low
annual rainfall, which occurs primarily in spring and
summer (Cabrera 1994).
We placed 10 nest boxes during August 1998 and
40 more during 1999 on trees and on electric poles.
Nest boxes were built following the standard design
proposed by Bortolotti (1994) and placed about
1 km apart from each other (mean 6 SD 5 1.1 6
0.3 km) at .3 m high. Nest boxes were monitored
from October to December (late spring to early austral summer) during 1998 to 2003, 2006, and 2010.
We recorded the species occupying the nest box
and, when possible, we also recorded information
on clutch size, number of hatched young, and number of fledglings.
To determine which vegetation type best explained variation in nest-box occupancy by raptors
at our study site, we performed a Generalized Linear
Model (GLM, McCullagh and Nelder 1989) with binomial error distribution and logit link function.
The GLM included the ratio between years of occupancy and years of monitoring as the dependent variable and the area occupied by each vegetation type
as explanatory variables; their contribution to explain variation in nest-box occupancy was estimated
by means of a restricted maximum-likelihood
(REML) procedure (JMP 8 software; SAS Institute
Inc., Cary, North Carolina). We followed a stepwise
removal procedure (Hosmer and Lemeshow 1989),
excluding all the variables with P . 0.15, which resulted in a final model only including significant effects (P , 0.05). We drew a buffer circle with a radius
of 0.5 km around each box and calculated the area of
the circle occupied by each vegetation type. We classified six vegetation types from a classified Landsat
image using the Software ArcView GIS 3.2 (ESRI, Inc.
Redlands, California, U.S.A.): (1) dense forest; (2)
open forest, (3) dense shrubland, (4) open shrubland, (5) grassland and (6) crops.
RESULTS

Six species of birds occupied our nest boxes, including two passerines (the White Monjita [Xolmis irupero]
and the House Wren [Troglodytes aedon]) and four of
the five cavity-nesting raptors inhabiting the study area: American Kestrels, Tropical Screech-Owls, Barn
Owls, and Ferruginous Pygmy-Owls (Table 1). Mean
percentage of the nest boxes occupied per year was
28.9% 6 14.4 (n 5 8 yr). Yearly occupancy rates of
nest boxes were variable among years, ranging from
14% to 58.3%. Reproductive rates were calculated for
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Nest-box availability and occupant species in a semiarid forest in central Argentina.
YEAR

Available nest boxes
American Kestrel (Falco sparverius)
Tropical Screech-Owl (Megascops choliba)
Barn Owl (Tyto alba)
Ferruginous Pygmy-Owl (Glaucidium brasilianum)
Passerine birdsb
Honey bees and wasps
Total occupied by raptor species
a
b
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1998

1999

2000

2001

2002

2003

2006a

2010

10
2
0
0
0
3
2
2

50
7
0
0
0
14
1
7

42
7
2
1
0
19
3
10

42
8
5
2
0
19
0
15

42
8
1
1
2
11
4
12

42
5
0
0
3
6
3
8

13
6
1
0
0
0
0
7

19
6
1
0
0
3
1
7

From Liébana et al. 2009.
White Monjita (Xolmis irupero) and House Wren (Troglodytes aedon).

American Kestrels and Tropical Screech-Owls, the
most common raptors using the nest boxes (Table 2).
Twenty-eight nest boxes were never occupied during the study period, seven were occupied once,
three twice, four three times and eight on more than
three occasions (mean 6 SE 5 4.25 6 1.6 uses). Of
the 28 boxes never used by raptors, 24 were used at
least once by passerines, and on 16 occasions, boxes
were infested by European honey bees (Apis mellifera)
or wasps (Polistes canadensis).
Nest-box occupancy (intercept: estimate 6SE 5
21.35 6 0.38, x2 5 14.01, P 5 0.0001) was positively
and negatively associated with the presence of grasslands (estimate 6SE 5 0.06 6 0.02, x2 5 8.63, P 5
0.003) and dense shrublands (estimate 6SE 5
20.03 6 0.02; x2 5 5.28, P 5 0.02), respectively.
During the breeding seasons of 2002 and 2003, two
different boxes were occupied almost simultaneously
by two raptor species, the Ferruginous Pygmy-Owl
and the American Kestrel. In the first case, six eggs
were found, five of American Kestrels and one of the
Ferruginous Pygmy-Owl. At our next visit, 10 d later,
we found only eggshells and an adult pygmy-owl dead
under the nest box. During 2003, we found seven
eggs in one box, four of the American Kestrel and

three of the Ferruginous Pygmy-Owl. Fifteen days later, two nestlings and two eggs of the American Kestrel
and three Ferruginous Pygmy-Owl eggs that never
hatched were found in the box. Adult and nestling
kestrels were later killed by an unidentified predator.
DISCUSSION

The percentage of boxes occupied by all the raptor species through the 8 yr of study was low compared with occupancy rates of nest-box programs
at sites with intensive anthropic disturbance (e.g,
85.6% 6 9.4 in Katzner et al. 2005; 50 to 100% in
Bechard and Bechard 1996; 48% 6 14 in Steenhof
and Peterson 2009; 60% in Eschenbauch et al.
2009). This difference may be due to greater availability of natural cavities in the semiarid forest of
central Argentina; however, additional studies are
needed to assess the availability and use of natural
cavities by raptors in this type of forest.
We found a preference for those nest boxes surrounded by grasslands. Raptors mainly select nest
sites close to the best hunting areas in order to
reduce time and energy devoted to foraging, and
open areas are among the preferred hunting
grounds for American Kestrels and Barn Owls, at

Table 2. Reproductive parameters of American Kestrels and Tropical Screech-Owls breeding in nest boxes in a
semiarid forest of central Argentina.
AMERICAN KESTREL

Mean
Standard deviation
Median
No. of nest boxes

TROPICAL SCREECH-OWL

EGGS

NESTLINGS

FLEDGINGS

EGGS

NESTLINGS

FLEDGINGS

4.35
0.86
4
37

2.68
1.98
3
45

1.63
1.81
1
40

2.00
0.00
2
4

1.80
1.32
2
10

1.57
1.51
2
7
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least (Smallwood 1987, Taylor 1994). Thus, because
of the large number of American Kestrels in our
nest boxes, it is possible that our results were biased
by its habitat preference.
The low occupancy rates we recorded for our nest
boxes may suggest that a number of them were located in unsuitable habitats: this may be the case for
the nest boxes close to dense shrublands, where
hunting may be difficult (Newton 1998). We recommend that other resources, such as vegetation structure and food availability, should be considered
when starting a nest-box program (Smith et al.
2005). It is worth noting that the Spot-winged Falconet never used our nest boxes. This species is a
little-known neotropical bird endemic to southern
South America (Olrog 1959) and, although it has
been found using cavity-like nests of ovenbirds
(Seiurus aurocapilla) and Monk Parakeets (Narosky
et al. 1992, Martella et al. 1985), we do not have any
explanation for the absence of this species.
The use of nest boxes by American Kestrel is well
known (Balgooyen 1990, Bortolotti 1994, Butler
et al. 2009, Liébana et al. 2009, Lambrechts et al.
2012). In some kestrel populations, a preference of
boxes over cavities appears to exist, even when the
latter are available (Cade 1982, Toland and Elder
1987, Bortolotti 1994). The reproductive rates we
documented in this study were similar to those recorded for populations of American Kestrels in
North and Central America (Heintzelman and Nagy
1968, Bloom and Hawks 1983, Wilmers 1983, Toland and Elder 1987, Wheeler 1992, Varland and
Loughlin 1993, Jacobs 1995).
The second-most common species occupying the
nest boxes was the Tropical Screech Owl, a regular
user of artificial nesting sites (Valdez et al. 2000).
The Tropical Screech Owl is a common and widespread resident in the neotropics, from Costa Rica
to Argentina; other than this, little ecological information is available on this species, except for some
information on natural history, food habits, breeding and nest-box use (Thomas 1977, Smith 1983,
Motta-Junior 2002, Trejo 2007, König and Weick
2008, Lima and Lima 2009). In Argentina, it has
been usually found nesting in others birds’ nests
(Salvador 2012) and the average reproductive rates
documented at natural nests seem to be higher than
the rates observed in this study (2.75 6 1.2 eggs,
n 5 4 vs. 2.2 6 0.5 nestlings, n 5 5; de la Peña
2010). Until this study, there were no available data
on the number of fledglings per occupied nest
(Trejo 2007).
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Two others species that occasionally occupied the
nest boxes were the Ferruginous Pygmy-Owl and the
Barn Owl. The use of nest boxes by Ferruginous
Pygmy-Owls has been previously recorded only in
one Brazilian report (Lima and Lima 2008). Because of the exceptional abundance of the Ferruginous Pygmy-Owl in the study area (Bechard et al.
2004, Campioni et al. 2013), the low occupancy of
the nest boxes suggests adequate suitable natural
nest sites in the area. In other areas, Barn Owls
frequently use nest boxes (Bellocq and Kravetz
1993, Petty et al. 1994, Lambrechts et al. 2012).
Thus, the recorded low occupancy rates in our study
might be explained by the characteristics of the nest
boxes we used, which were smaller than those generally used for the Barn Owl in other studies (Bellocq
and Kravetz 1993).
Usurpation of nest boxes occurs when the same
nest is used by different species (Newton 1998). In
our study, this competitive overlap occurred between American Kestrels and Ferruginous PygmyOwls. Unlike brood parasites that lay their eggs in
another bird’s nest and leave, providing no parental
care, nest usurpers incubate and feed their young in
the nest of another (Lindell 1996). This unusual
behavior has been previously recorded for American Kestrel (Breen and Parrish 1996, Dawson and
Bortolotti 1997). A similar situation was reported in
a Brazilian nest-box program (Lima and Lima
2009), in which a Ferruginous Pygmy-Owl laid its
eggs on the same box that was already occupied
by a Tropical Screech-Owl. In our study, we did
not know which species were the usurpers, but we
found that the last occupant was the Ferruginous
Pygmy-Owl in the first case and the American Kestrel in the second. These observations imply that
there is competition for nest sites in our study area
in spite of the low proportion of boxes occupied
and availability of natural sites: such competition
for particular nest boxes suggests that they were
placed in high-quality habitats (Dawson and Bortolotti 1997).
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study of diurnal raptors and owls is still an overlooked
point in ecological, evolutionary and conservation
studies: a review. Journal of Ornithology 153:23–34.
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care and behavior of American Kestrel, Falco sparverius,
breeding at semiarid forest of central Argentina. Journal of Raptor Research 43:338–344.
LIMA, P.C. AND T.N.C. LIMA. 2008. O comportamento reprodutivo do caburé Glaucidium brasilianum (Gmelin,
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