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The frequency of cavity reoccupation in secondary cavity nesters depends on several factors
including quality of cavities, degree of nest-site fidelity, competition with other cavity
nesters and availability of new cavities. Blue-fronted Parrots 

 

Amazona aestiva

 

 are secondary
cavity nesters that live in subtropical forests and savannas of central South America. We
examined the characteristics of the trees and cavities used by this species in a protected area
of the dry Chaco of Argentina and estimated nest-site fidelity and cavity reoccupation. We also
assessed whether the probability of cavity reoccupation was associated with cavity characteristics
and nesting success during the previous year. Nest-site fidelity of banded females was 68%
and cavity reoccupation by banded and unbanded individuals 62%. Probability of reoccupation
was associated with wall thickness and depth of the cavity, and was lower if the nest failed the
previous year than if it was successful. The high rate of cavity reoccupation in Blue-fronted
Parrots is largely attributable to strong nest-site fidelity and may reflect preferences for cavities
whose characteristics are associated with higher nesting success.
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Populations of secondary cavity nesters (species that
cannot excavate their own cavities) are often limited
by the availability of suitable cavities (Brawn & Balda
1988, Martin & Li 1992, Newton 1998), resulting in
competition for cavities and their reoccupation by the
same or by different individuals. The frequency of cavity
reoccupation depends on a number of factors including
quality of cavities, extent of nest-site fidelity, degree of
competition for cavities with other cavity nesters and
availability of new cavities (Ingold 1991). Some species
of cavity nester have low rates of cavity reoccupation,
probably because old cavities have higher rates of pre-
dation or higher ectoparasite loads than new ones
(Sonerud 1989, Miller 2002, Mazgajski 2007). Thus,
high rates of cavity reoccupation are usually considered
indirect evidence of low cavity availability (Aitken &
Martin 2004).

In Neotropical parrots, the frequency of cavity
reoccupation appears quite variable. Some species

have a low probability of cavity reoccupation
(Enkerlin-Hoeflich 1995, Renton & Salinas-Melgoza
1999), and nests in new cavities have lower depreda-
tion rates than nests in older ones (Brightsmith 2005).
In contrast, other studies have reported high rates of
cavity reoccupation that are usually associated with
low availability of cavities (Heinsohn 

 

et al.

 

 2003,
White 

 

et al.

 

 2005, Sanz & Rodriguez-Ferraro 2006).
Most of these studies were conducted with unringed
individuals and therefore could not determine whether
cavities were reoccupied by the same or by different
individuals. The few studies conducted with ringed
individuals have found that high rates of cavity reoc-
cupation were associated with high nest-site fidelity
(Snyder 

 

et al.

 

 1987, Waltman & Beissinger 1992).
The Blue-fronted Parrot 

 

Amazona aestiva

 

 lives in sub-
tropical forests and savannas of central South America.
Like all Amazon parrots, it is a secondary cavity
nester (Forshaw 1989, Ribas 

 

et al.

 

 2007). Populations
of this species are declining, mainly as a result of
habitat transformation (deforestation and selective
logging), and chick harvesting for the pet trade
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(Bucher 

 

et al

 

. 1992, del Hoyo 

 

et al

 

. 1997, Fernandes
Seixas & Mourao 2002). Almost all Blue-fronted
Parrots in Argentina, Paraguay and Bolivia breed in
the dry Chaco forest (Beissinger & Bucher 1992). This
forest is classified as vulnerable, and a high priority
for conservation in the Neotropics (Dinerstein 1995).
At present, the dry Chaco suffers annual deforestation
rates of 0.9–5% (Manghi 

 

et al.

 

 2004, Zak 

 

et al.

 

 2004,
Boletta 

 

et al.

 

 2006). Increasing deforestation and
selective logging in the Chaco region are probably
reducing the number of cavities for Blue-fronted
Parrots outside protected areas.

A previous study of cavity reoccupation by Blue-
fronted Parrots was conducted in the Pantanal region
of Brazil (Fernandes Seixas & Mourao 2002). How-
ever, this study did not analyze cavity characteristics
associated with cavity reoccupation and was not
conducted with ringed individuals, so could not
establish whether the same or different individuals
reoccupied the cavities. In the present study, we
describe the characteristics of cavities used by Blue-
fronted Parrots in a protected area of the dry Chaco
in Argentina. We estimated nest-site fidelity of ringed
females and the proportion of cavities that were
reoccupied in consecutive years by ringed and
unringed individuals. We also assessed whether
cavity characteristics and nesting success were
associated with probability of reoccupation. These
results are compared with those obtained from
studies of other species of the 

 

Amazona

 

 genus.

 

METHODS

Study site

 

The study was carried out at Loro Hablador Pro-
vincial Park and neighbouring areas (25

 

°

 

50

 

′

 

S, 61

 

°

 

90

 

′

 

W,
170 m asl) in the Chaco province, Argentina. The
study area is a continuous dry forest dominated by
White Quebracho 

 

Aspidosperma quebracho-blanco

 

and Red Quebracho 

 

Schinopsis lorentzii

 

. Climate is
dry subtropical, with a marked seasonality (75% of
the 590 mm average annual rainfall occurs from
November to March) and a long dry season (April to
October).

 

Data collection

 

Data were collected from early October to late February
in five consecutive breeding seasons (2002–03 to 2006–
07). In each breeding season we searched intensively
for Blue-fronted Parrot nests. We found nests mainly

by observing the behaviour of breeding pairs. After
locating a potential nest (a tree with a cavity and
parrot activity), we reached the entrance hole
using climbing equipment. Nests were marked with
numbered plastic plates attached to the main trunk.
For each nest we collected the following information:
tree species, diameter at breast height (DBH), diameter
at entrance hole height (DEH), height of the entrance
hole, minimum and maximum diameter of the entrance
hole, internal diameter and depth of the cavity and
thickness of cavity wall (estimated as the difference
between external and internal diameters).

Nests were monitored regularly (on average every
3 days) until the nest failed or the chicks fledged. We
considered that the nest had been predated if the whole
nest content disappeared between two consecutive
visits, and that it had been abandoned if the eggs
were cold or the chicks were dead. The main cause
of nest abandonment was heavy rain. To facilitate the
regular inspection of nest content, in the majority of
the nests (94/98) we partially opened the cavity by
making a hole near its bottom. The hole was closed
using a concrete lid fixed with wire to the trunk.
During the breeding seasons 2004–05, 2005–06 and
2006–07, we captured the incubating bird in 20
nests. In most cases, we captured the bird by hand
immediately after removing the lid used to fix the
hole as the incubating bird remained in the nest
during our nest inspection. We banded the bird with
a numbered aluminium ring and took a small blood
sample (approximately 50 

 

μ

 

L) for sex determination
(see below) by puncturing the brachial vein with a
29G needle. The blood sample was collected in a
heparinized capillary tube and stored in 500 

 

μ

 

L of lysis
buffer. None of the captured females abandoned the
nest.

 

Cavity reoccupation analysis

 

Cavity reoccupation applies to cases where the same
cavity was used in more than 1 year. Because most
Parrots in our study population were unringed, it was
often not possible to know whether the cavity was
reoccupied by the same or by different individuals.
Nest-site fidelity was assumed in those cases where
the cavity was reoccupied by at least one of the
members of a pair that occupied the cavity in previous
years. A cavity was considered to be occupied if a
clutch was initiated. Each breeding season we recorded
whether the cavities that were occupied during previous
breeding seasons were available or not. Cavities became
unavailable mainly when the tree, or the portion of
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the tree that contained the cavity, fell down. The
rate of cavity reoccupation in consecutive years was
estimated as the number of cavities with laying at
years 

 

n

 

 and 

 

n 

 

−

 

 1, divided by the number of cavities
with laying at year 

 

n 

 

−

 

 1 that were still available in
year 

 

n

 

. Similarly, the rate of cavity reoccupation was
determined every 2 years as the number of cavities
with laying in years 

 

n

 

 and 

 

n 

 

−

 

 2 and without laying
at year 

 

n 

 

−

 

 1, divided by the number of cavities with
laying at year 

 

n 

 

−

 

 2 and without laying at year 

 

n 

 

−

 

 1
that were still available at year 

 

n

 

.
The rate of cavity reoccupation by Blue-fronted

Parrots was compared with that of nine other species
of the 

 

Amazona

 

 genus from the Neotropics and the
Caribbean region. We only considered species for
which a minimum of seven nests had been evaluated
(for other species there were data of cavity reoccupation
but from only one or two nests).

 

Genetic sex determination

 

All trapped Parrots (

 

n

 

 

 

=

 

 20) were sexed using the dif-
ferent size of an intron within the highly conserved
chromo-helicase-DNA binding protein (CHD) gene
(Ellegren 1996). DNA was extracted from blood
samples using a standard ethanol protocol (Miller

 

et al

 

. 1988) and amplified using F2 and R2 primers
(Quintana 

 

et al.

 

 2003). PCR amplifications were
performed in 10 

 

μ

 

L reaction volumes using 50–100 ng
of DNA template, 0.5 

 

μ

 

M

 

 forward and reverse primers,
0.25 m

 

M

 

 dNTPs, 2.5 m

 

M

 

 MgCl

 

2

 

 and 0.25 units of
Invitrogen Taq-Polymerase. Annealing temperatures
were set at 50 

 

°

 

C and repeated for 30 cycles. PCR
products were separated in 2% agarose gels stained
with ethidium bromide. The presence of one band
indicated males (ZZ), and two bands indicated
females (ZW).

 

Statistical analysis

 

Data were tested for normality (Kolmogorov–Smirnov
test) and are presented as means 

 

±

 

 1 SE. Statistical tests
were two-tailed with a significance level of 

 

α

 

 

 

=

 

 0.05.
We used backward stepwise logistic regression to
evaluate which nest characteristics were associated
with nest reoccupation or nest success, and contingency
tables to evaluate whether birds were more likely to
reoccupy successful nests than failed nests. Because
some cavities were reoccupied more than once, to
avoid pseudoreplication a systematic data-selection
criterion was used to select a sub-sample of cavities
for analyses of nest-site characteristics and their
association with probability of reoccupation or
nesting success, such that individual cavities were
included only once in the analyses.

 

RESULTS

 

A total of 180 nesting attempts were followed during
the study (

 

n

 

 

 

=

 

 39 in 2002–03, 

 

n 

 

=

 

 36 in 2003–04, 

 

n

 

 

 

=

 

 43
in 2004–05, 

 

n

 

 

 

=

 

 39 in 2005–06, and 

 

n

 

 

 

=

 

 23 in 2006–
07). These nesting attempts occurred in 98 different
cavities, 82 (84%) in White Quebracho, 15 (15%) in
Red Quebracho and one in 

 

Bumelia obtusifolium

 

. Most
cavities (78%) were in living trees. Table 1 shows the
main tree and cavity characteristics.

First nesting attempts occurred during the first
half of October and last ones during the first half of
December, modal clutch size was four eggs (

 

n

 

 

 

=

 

 82
nests, range 2–6 eggs), incubation started after the
laying of the second egg and lasted 28.2 

 

±

 

 1.8 days
(

 

n

 

 

 

=

 

 82 nests), and chicks remained in the nest
61.0 

 

±

 

 5.2 days (

 

n

 

 

 

=

 

 93 nests).
All individuals captured in the nest during

incubation (

 

n

 

 

 

=

 

 20) were females. Average body mass

Table 1. Main characteristics (mean ± SE) of cavities used as nest by Blue-fronted Parrots. Sample sizes (number of trees) are indicated
in parentheses.

Tree and cavity characteristics Mean ± SE (n) Range

Tree height, m 11.1 ± 2.3 (37) 6–16
DBH, cm 50.6 ± 9.6 (86) 32–76
DEH, cm 45.5 ± 10.1 (81) 26–82
Height of entrance hole, m 5.88 ± 1.25 (80) 2.9–10.0
Depth of cavity, m 1.49 ± 0.99 (85) 0.3–4.5
Maximum diameter of entrance hole, cm 16.2 ± 11.3 (78) 6–79
Minimum diameter of entrance hole, cm 7.9 ± 2.3 (78) 4–15
Thickness of cavity wall, cm 11.3 ± 4.1 (80) 1.8–22
Internal diameter of cavity, cm 22.7 ± 6.4 (80) 14–57
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of the captured females was 412 

 

±

 

 31 g (

 

n

 

 

 

=

 

 17).
One ringed female was predated within the cavity
the same breeding season she was captured. Twelve
of the 19 remaining females (63%) reused the same
cavity the following year, and one female did not
reuse the cavity the following year but did so 2 years
later. Combining these data, nest-site fidelity by
ringed females was 68% (13/19 females). During the
study period, we did not observe any ringed female
using a cavity different from the one used in previous
years.

Cavity reoccupation in consecutive years by ringed
or unringed individuals was 55% (83/150 cases),
whereas every second and third year it was 7% (8/
119 cases) and 3% (2/77 cases), respectively. Overall
cavity reoccupation, including consecutive reoccupancy
and reoccupancy in subsequent years, was 62% (93/
150 cases).

In 12 cases, cavities were reoccupied by a different
species, three by Ferruginous Pygmy-owl 

 

Glaucidium
brasilianum

 

, two by Tropical Screech-owl 

 

Otus choliba

 

,
four by Great-rufous Woodcreeper 

 

Xiphocolaptes major

 

,
two by Narrow-billed Woodcreeper 

 

Lepidocolaptes
angustirostris

 

, and one by Blue-crowned Parakeet

 

Aratinga acuticaudata

 

. In one of these cases (Tropical
Screech-owl), Blue-fronted Parrots ejected the
other species from the cavity. In the other cases, no
agonistic interactions between Blue-fronted Parrots
and the species that occupied the cavity were
observed.

Backward stepwise logistic regression modelling of
the binary cavity reoccupation variable identified cavity
wall thickness (

 

−

 

2 log likelihood 

 

=

 

 11.1, 

 

P

 

 

 

<

 

 0.001)
and cavity depth (−2 log likelihood = 4.4, P < 0.05)

as the best predictors, while minimum diameter of the
entrance hole showed a tendency towards significance
(−2 log likelihood = 3.6, P = 0.06). A similar analysis
of a binary nesting success variable identified DBH
(−2 log likelihood = 9.9, P < 0.01), cavity wall thickness
(−2 log likelihood = 5.3, P < 0.05) and height of the
entrance hole (−2 log likelihood = 4.3, P < 0.05) as
significant predictors. Probability of cavity reoccupa-
tion was lower if the nest failed the previous year than
if it was successful (failed nests: 17/33, successful nests:
65/82,  = 7.6, P < 0.01).

Table 2 shows the rates of cavity reoccupation for
all Amazon parrots studied.

DISCUSSION

Although several studies have examined cavity
reoccupation in Amazon parrots (Table 2), none were
conducted on ringed individuals and so it could not
be determined if cavities were reoccupied by the same
or by different individuals. This study shows that 68%
of ringed females used the same cavity 1 or 2 years
later. This was similar to the percentage of cavities
reoccupied by ringed and unringed individuals
(63%). Similarly, the few studies conducted with
ringed individuals of other parrot genera found that
high rates of nest-site fidelity were associated with
high rates of cavity reoccupation (Snyder et al. 1987,
Waltman & Beissinger 1992).

The rate of cavity reoccupation in our study was
higher than the 38% observed in Blue-fronted
Parrots in Pantanal savannas (Fernandes Seixas &
Mourao 2002). This difference could be attributable
to the rapid decline in the quality of Pantanal cavities,

χ1
2

Table 2. Cavity reoccupation in Amazona parrots. The percentage of reoccupation was calculated following the same criteria used in
this paper (see Methods). The number of cavities in each study is given in parentheses.

Species Location Habitat type Type of cavity % of reoccupation (n)

Amazona aestiva1 Brazil Savannah Tree 38 (78)
Amazona aestiva2 Argentina Dry deciduous forest Tree 62 (98)
Amazona agilis3 Jamaica Rainforest Tree 41 (17)
Amazona autumnalis4 Mexico Semi-deciduous forest Tree 11 (19)
Amazona collaria3 Jamaica Rainforest Tree 13 (8)
Amazona finschi5 Mexico Dry deciduous forest Tree 7 (54)
Amazona oratrix4 Mexico Semi-deciduous forest Tree 35 (23)
Amazona ochrocephala6 Panama Tropical Dry forest Tree 74 (19)
Amazona viridigenalis4 Mexico Semi-deciduous forest Tree 2 (14)
Amazona vittata7 Puerto Rico Rainforest Tree/Nest-box High

1Fernandes-Seixas & Mourao (2002), 2this study, 3Koenig (2001), 4Enkerlin-Hoeflich (1995), 5Renton & Salinas-Melgoza (1999), 
6Rodríguez Castillo & Eberhard (2006), 7White et al. (2005).
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where one third of the cavities were in dead palm
trees (Fernandes Seixas & Mourao 2002). When
considering the other Amazon species, only the
Panama Amazon Amazona ochrocephala panamensis
shows rates of cavity reoccupation similar to that
recorded in our study (Rodríguez Castillo & Eberhard
2006). The rate of cavity reoccupation for the other
Amazon species varies from 7% in Lilac-crowned
Parrot Amazona finschi (Renton & Salinas-Melgoza
1999) to 41% in Black-billed Parrot Amazona agilis
(Koenig 2001).

It has been proposed that the reoccupation of
cavities may increase the probability of nest pre-
dation or the ectoparasite load of chicks (Miller 2002,
Mazgajski 2007). Therefore, high rates of cavity
reoccupation are considered by some researchers
to be indirect evidence of low availability of cavities
(Aitken & Martin 2004). Previous studies of parrots
have reported competition for cavities with con-
specifics (Heinsohn et al. 2003) or with other cavity
nesters (Snyder et al. 1987, Prestes et al. 1997).
However, we only observed one case of interspecific
competition and did not observe conspecific com-
petition for cavities (e.g. agonistic interactions between
pairs). Furthermore, approximately 45% of the available
cavities in a given year were not reoccupied by Blue-
fronted Parrots in our study. Thus, it seems unlikely
that the high rate of cavity reoccupation was the result
of low availability of cavities. Even though our study did
not find clear evidence of either conspecific or het-
erospecific competition for cavities, because rates of
deforestation and selective logging in the dry Chaco
(the most suitable nesting habitat for Blue-fronted
Parrots) are very high, a shortage of cavities may
occur in the near future.

The probability of cavity reoccupation was higher
if the nest was successful the previous breeding season
than if it failed, and some cavity characteristics were
associated with nesting success and likelihood of
reoccupation. Deep cavities with thick walls might
reduce fluctuations in temperature (Aitken & Martin
2004). These results indicate that Blue-fronted
Parrots tend to reoccupy cavities with characteristics
associated with a higher probability of nesting success,
as has been found with other cavity nesters such as
Collared Flycatcher Ficedula albicollis (Mitrus et al.
2007).
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B. Mahler for partnership and collaboration during field
and laboratory work. We also thank the Dirección de
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support. I.B. was supported by fellowships from Comisión
de Investigaciones Científicas de la Provincia de Buenos
Aires (CIC), and Consejo Nacional de Investigaciones
Científicas y Técnicas de Argentina (CONICET). J.C.R. is
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Trust, Parrots International, The Amazona Society and
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