
Nesting success and productivity of Tucuman Parrots
(Amazona tucumana) in high-altitude forests of Argentina:
do they differ from lowland Amazona parrots?

Luis RiveraA,D, Natalia PolitiA, Enrique H. BucherB and Anna PidgeonC

AFacultad de Ciencias Agrarias, Universidad Nacional de Jujuy, CONICET, Alberdi 47, S. S. de Jujuy (4600),
Jujuy, Argentina.

BCentro de Zoología Aplicada, Universidad Nacional de Córdoba, CONICET, Casilla de Correo 122,
Córdoba (5000), Argentina.

CDepartment of Forest and Wildlife Ecology, University of Wisconsin – Madison, 120 Russell Laboratories,
1630 Linden Drive, Madison, Wisconsin, WI 53706-1598, USA.

DCorresponding author. Email: luosvriv@yahoo.com

Abstract. Most of our knowledge of reproduction of wild parrots in the Neotropics comes from studies of tropical
lowland species, with few studies addressing species of high-altitude forests. We studied the reproductive biology of
Tucuman Parrots (Amazona tucumana) in north-western Argentina between 2004 and 2009. We obtained data on
reproductive output for 86 nests and on causes of mortality for 94 nests. Mean clutch-size per nesting attempt was 3.6
eggs� 1.0 (s.d.). Hatching success (proportion of eggs laid that hatch) was 0.77� 0.17. Fledging success (proportion of
nestlings that fledge) was 0.83� 0.13. The overall breeding success (mean number of fledglings per laying female
per year)was 2.3� 0.8.Overallfinite nesting success (daily survival rate to the power of the nesting length)was 0.53� 0.27,
and chick finite nesting success rate was 0.74� 0.22. We did not find differences in reproductive rate between Tucuman
Parrots and other species of Amazona parrot from lowland habitats. Productivity and nesting success of Tucuman Parrots
had high values in some years and low values in others. This was probably related to fruiting events of Podocarpus
parlatorei – a critical food item. The main causes of nesting failure were predation (16%) and abandonment (12%).
Our results suggest that for several species of Amazona in lowland habitats, predation and poaching may be the main
limiting factors whereas climatic factors and food availability may contribute most to nesting failure at higher altitudes.
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Introduction

Detailed knowledge of breeding biology is necessary for under-
standing variation in avian reproductive strategies, because it
provides critical natural history data that are useful for generating
new hypotheses and testing old ones (Auer et al. 2007). The lack
of information on the natural history, ecology and demography
of many parrot species precludes an assessment of the mechan-
isms that regulate population dynamics (Koenig 2001). There
have been a number of studies of the nesting and reproductive
behaviour of several lowland tropical forest species of Amazona
parrot (Gnam 1991; Rojas Suárez 1991; Enkerlin-Hoeflich 1995;
Koenig 2001; Fernandes Seixas and Mourao 2002; Renton and
SalinasMelgoza 2004; Sanz and Rodríguez Ferraro 2006; Rodrí-
guez Castillo and Eberhard 2006; Berkunsky and Reboreda
2009). However, the behaviour and reproductive rates of Ama-
zona parrots that nest in temperate and high-altitude forests
(above 1500 m above sea level), specifically the Scaly-naped
Parrot (A. mercenaria) and the Tucuman Parrot (A. tucumana),
are not known (Juniper and Parr 1998). Of the other two

parrots that occur in high-altitude forests, i.e. the Thick-billed
Parrot (Rhynchopsitta pachyrhyncha) and the Indigo-winged
Parrot (Hapalopsittaca fuertesi), there has been only one study
that has described reproductive rates (Thick-billed: Monterrubio
et al. 2002) and another on nestling growth and plumage devel-
opment (Indigo-winged: Tovar-Martinez 2009).

There is a well-established pattern of variation in bird life-
history traits along latitudinal gradients in which life-history
strategies of tropical and southern hemisphere birds differ
markedly from those of northern temperate birds (Martin
2004). Elevation has long been considered an important factor
in shaping the evolution of life-history traits (Cody 1966;
Badyaev 1997). High-elevation species have been thought to
have higher reproductive rates, potentially compensating for
the less predictable climate, and lower population density and
to experience generally more limited availability of food (Cody
1966; Badyaev 1997). Congeners whose young are altricial
have larger clutches at high elevation than at lower elevations
(Stewart et al. 1977; Weathers et al. 2002; Johnson et al. 2006).
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However, there is also evidence suggesting that birds shift to a
slower life-history strategy with increasing elevation, investing
less in reproduction and producing smaller clutches than birds at
lower altitudes (Krementz and Handford 1984; Badyaev 1997;
Badyaev and Ghalambor 2001).

Some reproductive parameters of Amazona parrots from
lowland tropical forest are well known. Most Amazona parrots
have rates of nesting success of 35–57% (Gnam and Rockwell
1991; Enkerlin-Hoeflich 1995; Koenig 2001; Fernandes Seixas
and Mourao 2002; Renton and Salinas Melgoza 2004; Sanz and
Rodríguez Ferraro 2006). However, island species tend to have
higher rates of success, of 46–82% (Snyder et al. 1987;Gnamand
Rockwell 1991) and in studies of two Amazona species with the
lowest documented rates of nesting success (i.e. 0–13%), rates of
nest poaching were high (Martuscelli 1995; Rodríguez Castillo
and Eberhard 2006). Most Amazona species have a mean clutch-
size of 2.6–3.6 eggs and produce 0.3–2.5 fledglings per female
(Snyder et al. 1987;GnamandRockwell 1991;Enkerlin-Hoeflich
1995; Martuscelli 1995; Koenig 2001; Renton and Salinas
Melgoza 2004; Rodríguez Castillo and Eberhard 2006; Sanz and
Rodríguez Ferraro 2006).

In contrast to many lowland forest species of Amazona, the
Tucuman Parrot has a small geographical range in the narrow
strip of cloud forest (1400–2200mabove sea level) of the Southern
Yungas on the eastern slopes of the Andes from south-eastern
Bolivia tonorth-westernArgentina(FjeldsåandKrabbe1990).The
species is categorised as Vulnerable on the IUCN Red List, and
is included in CITES Appendix I prohibiting international trade
(BirdLife International 2011). A recent assessment of the status of
the species estimated that current population is probably ~33%
smaller than in the 1980s (Rivera et al. 2007, 2010).

Food availability is a major factor affecting annual produc-
tivity of parrots (Renton and Salinas Melgoza 2004; Díaz et al.
2012). The Tucuman Parrot relies heavily on a single food item,
the seedsofPodocarpusparlatorei (Pinales : Podocarpaceae), for
feeding nestlings (Rivera 2011). The reproductive biology of
the Tucuman Parrot is virtually unknown, with only one record
of a nest, from January in the 1940s in Chuquisaca Department,
Bolivia (Bond and Meyer de Schauensee 1943).

An understanding of the reproductive biology of the Tucuman
Parrot may provide insights into the mechanisms that regulate
population dynamics of this species and the associated limiting
factors that apparently continue to limit its recovery. Here we
present novel information on nesting success and productivity of
the Tucuman Parrot in the wild, gathered over a 5-year period. In
addition, we compare our results with published data for other
Psittaciformes, mainly Amazona parrots from lowland forests of
the Neotropics and on the Thick-billed Parrot from comparable
high-altitude forests. Through this comparison we aim to
evaluate the differences and similarities of reproductive ecology
and factors that limit the populations of highland and lowland
species of parrot.

Material and methods
Study area

The study was conducted in the central sector of the Southern
Yungas of north-western Argentina, on the eastern slopes of
the Sierras Subandinas Centrales or Sistema de Santa Bárbara – a

mountain range ~100 km long, between the Cordillera Oriental to
the west and the Chaco plain to the east. The Southern Yungas
supports a semi-evergreen subtropical montane cloud forest that
forms the southernmost part of the Andean tropical forest
(Cabrera 1976). The cloud forest is dominated by Podocarpus
parlatorei, Alnus acuminata and trees of the family Myrtaceae.
The local climate has a marked dry season from April to October
and a rainy season from November to March. Annual rainfall is
800–1500mmandmean annual temperature is 11.7�C (Mendoza
2005).

Within the central sector of the SouthernYungas, we focussed
on two areas where we knew of active nests: (1) El Rey National
Park (24�430S, 64�380W, 44 000 ha) and (2) Portal de Piedra
Private Reserve (24�050S, 64�260W, 400 ha). Both areas are
strictly protected and controlled, no people live within the
reserves and, to the best of our knowledge, there is no poaching
(in 5 years of field-work we did not detect any signs or tracks of
people in the nesting areas). The study was conducted within
accessible areas only. These comprised ~170 ha in Portal de
Piedra Private Reserve and 50 ha in El Rey National Park.
Elevation of these areas is between 1450 and 2100m above sea
level.

Data collection

Field-work was conducted from November to March over five
breeding seasons between 2004 and 2009. We recorded pairs of
Tucuman Parrots prospecting for nesting cavities in November,
laying eggs from early to mid-December, and young fledging
from mid- to late February. Daily searches for active nests were
conducted for 35–40 days each breeding season during the
laying and incubation periods (December–mid-January). We
used a hand-held GPS unit (Garmin Etrex HCx, Garmin Inter-
national Inc., Olathe, KS, USA) to record the boundaries of the
area surveyed, which were later imported into a geographical
information system (ArcGIS 9, ESRI, Redlands, CA, USA).
Active nests were found by following males to the nesting area
and locating the cavity when the female left to be fed by the male
(González Elizondo 1998). Nests were found throughout the
incubation period and the early nestling period, when females
were incubating or brooding. We did not find nests later in the
nesting cycle because it becomes difficult to detect nests after
females stop brooding. We identified a total of 94 breeding
attempts for which we recorded nesting success or causes of
nesting failure. Data on reproductive output were gathered from
86 nests in which complete clutches were laid (defined as
consecutive visits to active nests during which the number of
eggs did not change, but the nest remained active). We were
unable to record the number of eggs for eight active nests that
were found in the early nestling period. Each active nest was
monitored on average every 9.4 days� 3.9 (s.e.) (less often
during incubation and more often during the nestling period) to
determine status and to record contents of the nests. Most nests
<15 m above the ground were inspected with a mini-camera
system (miniature black-and-white CMOS camera, Model
MCC-340EH , and a 10.16-cm Portable TFT LCD Monitor,
Model VM-2003, EPCOM, El Paso, TX, USA) assembled by
us and attached to a pole, known as a tree-peeper, that could be
extended to 15m (Crain fibreglass telescoping measuring rod,
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Crain Entreprises, Mound City, IL, USA) (Richardson et al.
1999). To avoid excessive disturbance, we restricted our time at
each nest to�10min; if that was insufficient time to complete our
observations, we returned to the nest on a subsequent day. Nests
>15m above the ground were visually inspected using climbing
equipment to reach the nest (Perry 1978). During the incubation
period nests above 15mwere inspected once only.Wemonitored
contents of nests when females left the nests to be fed by males.

When possible, we recorded the date clutches were initiated,
and determined incubation period and length of the entire repro-
ductive effort for each nest. We estimated the following para-
meters: clutch-size (i.e. number of eggs laid per nesting attempt),
brood-size (i.e. number of chicks per nest), hatching success (i.e.
proportion of eggs present in the nest at the end of incubation
that hatch), fledging success (i.e. proportion of nestlings that
fledge), and nesting success (i.e. proportion of nests producing
at least one fledgling). To allow comparison with other studies,
reproductive output was expressed as fledglings per successful
nest and fledglings per laying female (including successful and
unsuccessful females). We considered a nest successful when it
produced at least one fledgling. We considered a nest abandoned
when it contained eggs but no adults were recorded in more
than 1 h of observation on two successive visits. A nest was
considered depredated when all of the eggs disappeared before
hatching, nestlings disappeared before reaching 47 days of age,
or remains of eggs or nestlings were found in an otherwise
empty nest.We used 47 days as the cut-off age becausefledglings
attain maximum primary feather length at ~50 days and we
estimate that before 47 days wings are too short to sustain flight
(Rivera 2011). Nests were considered lost by starvation when
nestlings were found dead with an empty crop. We examined
productivity at different stages of the nesting cycle on the basis
of all laying pairs.

Statistical analyses

Data were not normally distributed (modified Shapiro–Wilk test)
so we used Kruskal–Wallis non-parametric analyses of variance
(ANOVA) to examine differences among years. When differ-
ences were significant we performed a test of critical difference
of the mean ranks (Conover 1999). We used Mayfield’s (1975)
method to calculate daily nest-survival rate because this method
avoids the bias introduced when nests are found at different
stages of the nesting cycle. Because intervals between visits to
nests varied we used a maximum-likelihood estimate modifica-
tion of the Mayfield method (Johnson 1979; Krebs 1989). We
calculated the variance of the Mayfield estimator according
to Johnson (1979) to make comparisons with the program
Contrast (see below). We estimated the daily nest-survival rate
(DSR) during the incubation (28 days) and nestling (1–50 days
after hatching) stages and multiplied the DSR of nests during
incubation with the DSR of nests during the nestling stage to
obtain the finite survival rate. The program Contrast (Hines and
Sauer 1989) was used to compare DSR among periods of the
nesting cycle and among breeding seasons. We were not able to
use dataset from the 2004–05 breeding season because DSR
had no associated variance. We assumed that a juvenile had
fledgedwhen it was absent from a nest at�47 days after hatching.
Disappearances at earlier ages were considered to be deaths.

We used P < 0.05 for statistical significance, and all values are
presented as mean� standard deviation, unless otherwise stated.
Statistical analysis were performed with INFOSTAT Software
(Di Rienzo et al. 2011).

We conducted a literature review to obtain information on
productivity parameters for other species of Amazona parrot and
for other parrot species of highland temperate forest. In order to
understand whether clutch-size of Tucuman Parrots is higher or
lower than expected for the body-size of the species, we assessed
whether adult Tucuman Parrot body mass (~280 g, Low 2005)
andclutch-size followed the allometric equation (y= 2.2 + 5.5 exp
[–0.006x]) developed by Masello and Quillfeldt (2002) for other
species of parrots, where y is clutch-size is and x is body-mass.
Additionally, we performed a regression analysis of clutch-size
as a function of body-mass for all species of Amazona parrot for
which we could obtain data, to test if clutch-size of Tucuman
Parrots lies inside the 95% confidence interval of the allometric
relationship.

Results

Productivity and breeding success

The length of the incubation period (mean 28.33� 0.58 days,
range = 28–29), nestling period (49.7� 1.1 days, range = 49–51)
and overall nesting period of Tucuman Parrots were determined
from data from three nests for which date of laying of the first
egg, date of hatching of the first egg, and date of fledging of
the first chick were known with certainty. Clutch-size ranged
from one to five eggs (mean 3.6� 1.0, mode = 4, n= 86; Fig. 1).
Clutches of one are most likely to be complete clutches because
we did not find any evidence of partial loss or predation. The
smallest overall clutch-size was recorded during the 2008–09
breeding season, and differed significantly from mean annual
clutch-size of three other breeding seasons (H4 = 9.6, d.f. = 4,
P= 0.03; Table 1). Overall hatching success (proportion of eggs
that hatch; see Methods) was 0.77, with the lowest rate (0.54),
recorded in 2006–07 (Table 1). The number of fledglings per
successful nest (overall mean 3.2� 0.2, n= 51) differed
among years with lowest values in 2005–06 and 2006–07
(H4= 8.3, d.f. = 4, P = 0.05; Table 1). The number of fledglings
per laying femalewas 2.3� 0.8 (n= 86) and differed significantly
among years, with the lowest value during the 2006–07 breeding
season (H4 = 11.9, d.f. = 4, P = 0.01; Table 1).

The daily survival rate during the incubation period did not
differ significantly among years (Table 2). The daily survival rate
during the nestling period and the entire nesting cycle differed
significantly among breeding seasons (Table 2). The highest
finite survival rate for the nestling period and the nesting cycle
was in the 2005–06 breeding season and the lowest finite survival
rate was in 2006–07 (Table 2).

Causes of nesting failure

Over the nesting cycle, the primary causes of nest-loss were
predation (16%) and abandonment (12%). Nine nests were
depredated during the incubation period and six during the
nestling period (Fig. 2). Abandonment was the main cause of
failure during the incubation period, followed by predation,
whereas predation was the main cause of failure during the
nestling period (Fig. 2). Nesting failure was higher during incu-
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bation: 22 nests were lost during this period (63% of all losses),
whereas 13 nests were lost during the nestling period (37%).
Eleven nests were abandoned during incubation whereas none
was abandoned during the nestling period. In two breeding
seasons (2006–07 and 2008–09) predationwas the primary cause
of nest-loss, in onebreeding season (2005–06) themaincausewas
abandonment, and in one season (2007–08) predation and aban-
donment were equal causes. Predation of four nests <100m apart
might be attributed to Black-capped Capuchin monkeys (Cebus
apella) that were observed on a tree in which we had confirmed
active nests the previous day and found empty the day after the
monkeys were observed. In two nests with advanced nestlings
we found bundles of plucked feathers at the entrance to the
nesting cavity and on the ground, suggesting predation by
mammals. Most nesting failures (n= 13) occurred during the
2006–07 breeding season, with fewer failed attempts per year
in the other breeding seasons.

Allometry relative to other parrots

We obtained published and unpublished information on the
reproductive ecology of 14 species of Amazona parrot from
lowland habitats and one species from high-altitude habitat
(Table 3). With a mean body-mass of 280 g, the predicted
clutch-size of Tucuman Parrots would be 3.2 eggs based on the
allometric equation of Masello and Quillfeldt (2002; see Meth-
ods). The 95% confidence interval for the expected clutch-size of
the allometric equation for 14 other species of Amazona parrots
is 2.94–3.43, which is significantly lower than the mean clutch-
size of 3.6 that we observed for the Tucuman Parrot. Nesting
success of the Tucuman Parrot is higher than that of other
mainland species of Amazona, but lower than that of island
species (Table 3). The Tucuman Parrot has one of the highest
fledging success per pair, exceeded only by the Hispaniolan
Parrot (Amazona ventralis) (Tables 2, 3).

Discussion

Reproductive output

The Tucuman Parrot has high rates of nesting success, large
clutches and a large number offledglingsper laying female.These
results differ from trends observed in other bird species that tend
to shift to a slower life-history strategy with increased elevation
(Sandercock et al. 2005a, 2005b). There are several alternative
explanations for our finding that the Tucuman Parrot has the
second largest clutch-size among Amazona parrots. Firstly, the
health (or nutritional state) of female birds, which is strongly
related to availability of food, might affect both the number and
quality of the eggs laid (Lack 1954; Martin 1987); secondly,
birds with higher rates of nesting success may be expected
to lay larger clutches (Skutch 1985); thirdly, clutch-size is
inversely related to population density (Ricklefs 1980), which,
in the case of nesting Tucuman Parrots, may be low; and lastly,
the large clutch-size may be evidence of a life-history trade-off
in which increased productivity is compensated for by lower
survival of juveniles or adults (Bears et al. 2009).

In comparing the Tucuman Parrot and Thick-billed Parrot
from high-altitude forests of Mexico (Monterrubio et al. 2002),
both species have breeding success (percentage of fledglings
per egg laid) of 60%, and both species also have rather high rates
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Table 1. Reproductive parameters of Tucuman Parrot from 86 nests in north-western Argentina in five breeding seasons 2004–09
Where appropriate, values are given as mean� standard deviation; sample sizes are in parentheses. Within rows, different superscript letters indicate significant

differences (P< 0.05)

Parameter Breeding season All years
2004–05 2005–06 2006–07 2007–08 2008–09

Mean clutch-size 4.1 ± 0.6a (8) 3.8 ± 1.1a (28) 3.5 ± 0.6a,b (22) 3.7 ± 1.3a (19) 3.0 ± 0.9b (9) 3.6 ± 1.0 (86)
Overeall hatching success (hatchlings per egg) 0.85 (8) 0.71 (28) 0.54 (22) 0.76 (19) 1.0 (9) 0.77
Fledging success (fledglings per nestling) 0.96 (8) 0.88 (23) 0.61 (14) 0.85 (14) 0.85 (9) 0.83
Overall nesting success (percentage of nests that

fledged at least one young)
100% 75.9% 40.9% 60.0% 50.0% 62.8%

Mean number of fledglings per successful nest 3.4 ± 0.9a,b (8) 3.0 ± 0.8b (22) 2.5 ± 1.2b (10) 3.8 ± 1.1a (13) 3.3 ± 0.7a,b (7) 3.2 ± 0.2 (51)
Mean number of fledglings per laying female 3.4 ± 0.9a (8) 2.3 ± 1.5a (28) 1.1 ± 1.5b (22) 2.2 ± 2.1a (19) 2.6 ± 1.9a (9) 2.3 ± 0.8 (86)

Table 2. Mayfieldmaximum-likelihood estimates of finite nesting success (FNS) and daily survival rate (DSR) of TucumanParrots during each period
of the nesting cycle and the entire nesting cycle (duration 78 days) in north-western Argentina in five breeding seasons 2004–09

Successful nests were those containing at least one egg or nestling at each stage. The 2004–05 breeding season was excluded from these comparisons

Nesting period Breeding season Comparison c2 P
2004–05 2005–06 2006–07 2007–08 2008–09 All years (d.f. = 3)

Incubation period
FNS 1.00 0.55 0.50 0.51 1.00 0.71
DSR 1.00 0.977 0.979 0.970 1.00 1.9 0.38
n (nests) 6 20 16 16 10 68

Nestling period
FNS 1.00 0.90 0.57 0.73 0.48 0.74
DSR 1.00 0.998 0.989 0.994 0.986 155.3 0.001
n (nests) 6 24 19 16 14 79

Entire nesting cycle
FNS 1.00 0.50 0.29 0.37 0.48 0.53
DSR 1.00 0.994 0.986 0.990 0.988 342.0 0.001
n (nests) 6 29 24 20 14 93

0

2

4

6

8

10

12

N
um

be
r 

of
 n

es
ts

Dep
re

da
te

d

Aba
nd

on
ed

Floo
de

d

Unk
no

wn

Sta
rv

at
ion

Des
tro

ye
d

Incubation

Brooding

Fig. 2. Number of nests lost to different causes of mortality during the incubation and brooding periods for
Tucuman Parrot in the central sector of Southern Yungas, north-western Argentina, 2004–09.

Nesting success and productivity of Tucuman Parrots Emu 45



T
ab

le
3.

Su
m
m
ar
y
of

re
pr
od

uc
ti
ve

pa
ra
m
et
er
s
an

d
pr
od

uc
ti
vi
ty

fo
r
14

sp
ec
ie
s
of

lo
w
la
nd

A
m
az
on

a
pa

rr
ot

an
d
th
e
hi
gh

la
nd

T
hi
ck
-b
ill
ed

P
ar
ro
t
(R
h
yn
ch
op

si
tta

pa
ch
yr
h
yn
ch
a)

H
at
ch
in
g
su
cc
es
s
is
th
e
pe
rc
en
ta
ge

of
eg
gs

la
id
th
at
ha
tc
he
d;
ne
st
in
g
su
cc
es
s
is
th
e
pe
rc
en
ta
ge

of
al
ln
es
ts
pr
od

uc
in
g
at
le
as
to
ne

fl
ed
gl
in
g
(a
pp
ar
en
tn
es
tin

g
su
cc
es
s,
un
le
ss
ot
he
rw

is
e
st
at
ed
);
in
cu
ba
tio

n
su
rv
iv
al
is

th
e
fi
ni
te
su
rv
iv
al
ra
te
fo
re
gg
s
ov
er
th
e
in
cu
ba
tio

n
pe
ri
od
;n
es
tli
ng

su
rv
iv
al
is
th
e
fi
ni
te
su
rv
iv
al
ra
te
of

ne
st
lin

gs
ov

er
th
e
ne
st
lin

gs
pe
ri
od

;fl
ed
gi
ng

su
cc
es
s
is
th
e
pr
op
or
tio

n
of

ch
ic
ks

th
at
fl
ed
ge
d
(t
w
o
va
lu
es

ar
e

sh
ow

n
w
he
n
th
e
ne
st
lin

g
pe
ri
od

w
as

di
vi
de
d
in
to
ea
rl
y
an
d
la
te
ne
st
lin

g
pe
ri
od

s)
;t
ot
al
su
rv
iv
al
is
su
rv
iv
al
in
in
cu
ba
tio

n
an
d
ne
st
lin

g
pe
ri
od

s
co
m
bi
ne
d;
fl
ed
gl
in
gs

pe
rb

re
ed
in
g
pa
ir
is
th
e
nu

m
be
ro

ffl
ed
gl
in
gs

pr
od

uc
ed

by
pa
ir
st
ha
tl
ai
d;
fl
ed
gl
in
gs

pe
rs
uc
ce
ss
fu
ln
es
ti
st
he

nu
m
be
ro
ffl

ed
gl
in
gs

in
ne
st
sp

ro
du

ci
ng

at
le
as
to
ne

fl
ed
gl
in
g;
lo
ss
of
in
iti
al
re
pr
od
uc
tiv

e
in
ve
st
m
en
ti
st
he

pe
rc
en
ta
ge

of
lo
ss
es
fr
om

m
ea
n
cl
ut
ch
-s
iz
e

to
fl
ed
gl
in
gs

pe
r
br
ee
di
ng

fe
m
al
e

C
om

m
on

na
m
e

S
ci
en
tifi

c
na
m
e

M
ea
n

cl
ut
ch
-s
iz
e

(r
an
ge
)

H
at
ch
in
g

su
cc
es
s

N
es
tin

g
su
cc
es
s

In
cu
ba
tio

n
su
rv
iv
al

N
es
tli
ng

su
rv
iv
al

T
ot
al

su
rv
iv
al

F
le
dg

lin
gs

pe
r
br
ee
di
ng

pa
ir

F
le
dg

lin
gs

pe
r

su
cc
es
sf
ul

ne
st

L
os
s
of

in
iti
al

re
pr
od
uc
tiv

e
in
ve
st
m
en
t
(%

)

S
ou
rc
e

B
lu
e-
fr
on

te
d
P
ar
ro
t

A
.a

es
tiv
a

3.
7
(1
–
6)

73
49

0.
98

0.
88

0.
39

A
–

2.
2

–
B
er
ku

ns
ky

(2
01

0)
B
la
ck
-b
ill
ed

P
ar
ro
t

A
.a

gi
lis

3.
1
(–
)

85
42

B
0.
74

B
0.
44

B
0.
81

B
0.
37

B
0.
9

2.
1

69
K
oe
ni
g
(2
00

1)
R
ed
-l
or
ed

P
ar
ro
t

A
.a

ut
um

na
lis

2.
7
(1
–
4)

93
42

0.
28

B
0.
19

B
0.
89

B
0.
08

B
0.
9

2.
2

65
E
nk
er
lin

-H
oe
fl
ic
h
(1
99

5)
Y
el
lo
w
-s
ho
ul
de
re
d

A
m
az
on

A
.b

ar
ba
de
ns
is

3.
4
(1
–
5)

81
44

–
–

–
1.
3

–
62

S
an
z
an
d
R
od

rí
gu
ez

F
er
ra
ro

(2
00

6)

R
ed
-t
ai
le
d
P
ar
ro
t

A
.b

ra
si
lie
ns
is

3.
6
(3
–
4)

63
0

–
–

–
2.
2,

0.
03

–
39

,9
9

M
ar
tu
sc
el
li
(1
99

5)
Y
el
lo
w
-b
ill
ed

P
ar
ro
t

A
.c
ol
la
ri
a

3.
0
(–
)

66
35

B
–

–
–

>0
.3

2.
0

90
K
oe
ni
g
(2
00

1)
L
ila
c-
cr
ow

ne
d
P
ar
ro
t

A
.fi

ns
ch
i

2.
6
(2
–
4)

90
42

B
0.
76

B
0.
55

B
0.
42

B
1.
0

2.
3

62
R
en
to
n
an
d
S
al
in
as

M
el
go
za

(2
00

4)
C
ub

an
P
ar
ro
t

A
.l
eu
co
ce
ph

al
a

ba
ha
m
en
si
s

3.
6
(2
–
6)

56
42

–
–

–
0.
8

–
77

G
na
m

an
d
R
oc
kw

el
l
(1
99

1)

C
ay
m
an

P
ar
ro
t

A
.l
eu
co
ce
ph

al
a

ca
ym

an
en
si
s

3.
2
(2
–
5)

–
70

–
–

–
1.
8

–
44

G
na
m

an
d
R
oc
kw

el
l
(1
99

1)

Y
el
lo
w
-h
ea
de
d
P
ar
ro
t

A
.o

ra
tr
ix

2.
6
(2
–
3)

92
50

0.
59

B
0.
37

B
,0

.2
5B

0.
12

B
0.
3

1.
7

68
E
nk
er
lin

-H
oe
fl
ic
h
(1
99

5)
H
is
pa
ni
ol
an

P
ar
ro
t

A
.v
en
tr
al
is

2.
8
(2
–
4)

93
82

–
–

–
2.
5

2.
7

9
S
ny
de
r
et
al
.(
19

87
)

R
ed
-c
ro
w
ne
d
A
m
az
on

A
.v
ir
id
ig
en
al
is

3.
4
(2
–
5)

12
57

0.
95

B
0.
47

B
,0

.6
1B

0.
43

B
1.
4

2.
2

58
E
nk
er
lin

-H
oe
fl
ic
h
(1
99

5)
P
ue
rt
o
R
ic
an

P
ar
ro
t

A
.v
itt
at
a

3.
0
(2
–
4)

84
69

–
–

–
1.
5

2.
2

40
S
ny
de
r
et
al
.(
19

87
)

Y
el
lo
w
-c
ro
w
ne
d
P
ar
ro
t

A
.o

ch
ro
ce
ph

al
a

3.
1
(2
–
4)

–
13

–
–

–
0.
4

–
88

R
od
rí
gu

ez
C
as
til
lo

an
d
E
be
rh
ar
d
(2
00

6)
T
uc
um

an
P
ar
ro
t

A
.t
uc
um

an
a

3.
6
(1
–
5)

72
63

0.
71

B
0.
74

B
0.
53

B
2.
3

3.
2

36
P
re
se
nt

st
ud

y
T
hi
ck
-b
ill
ed

P
ar
ro
t

R
hy
nc
ho

ps
itt
a

pa
ch
yr
ry
nc
ha

2.
7
(1
–
5)

79
80

–
–

–
1.
6

–
40

M
on
te
rr
ub
io

et
al
.(
20

02
)

A
C
al
cu
la
te
d
us
in
g
M
A
R
K
;
re
fe
r
to

th
e
ci
te
d
so
ur
ce

fo
r
ex
pl
an
at
io
n.

B
C
al
cu
la
te
d
us
in
g
m
ax
im

um
-l
ik
el
ih
oo

d
es
tim

at
e
m
od

ifi
ca
tio

n
of

M
ay
fi
el
d
(1
97

5)
.

46 Emu L. Rivera et al.



of nesting success. However, clutch-size and overall mean num-
ber of fledglings per breeding female is higher for the Tucuman
Parrot than for the Thick-billed Parrot. It also appears that there is
less variation in the breeding parameters between years for the
Thick-billed Parrot than for the Tucuman Parrot. The overall loss
of the initial reproductive investment is similar for both species.

The overall mean number of fledglings per breeding female
and the overall nesting success for Tucuman Parrots calculated as
the maximum likelihood estimator are the second highest values
reported for Amazona parrots. Likewise, the Tucuman Parrot has
the lowest loss of initial reproductive investment amongAmazona
parrots that have been studied. The probability of nesting success
varied significantly among years at the combined nestling stages,
similar to the pattern of the Lilac-crowned Parrot (Amazona
finschi) (Renton and Salinas Melgoza 2004). However, unlike
Lilac-crowned Parrots, Tucuman Parrots showed significant
differences among years in nesting success over the entire nesting
cycle.

Inter-annual variability in the availability of key food items
may influence productivity and nesting survival of Tucuman
Parrots, as is the case for the Lilac-crowned Parrot (Renton and
Salinas Melgoza 2004), the Austral Parakeet (Enicognathus
ferrugineus) (Díaz et al. 2012) and for many other bird species
(Newton 1980). The extremely low productivity of the 2006–07
breeding season coincided with low seed production of Podo-
carpus parlatorei (Rivera 2011). The high nesting success and
productivity of the 2005–06 breeding season coincided with
mast-fruiting ofPodocarpus parlatorei (Rivera 2011).Assuming
that the availability of suitable cavities was not limiting at the
population levels in our study area, the recorded variation in
number of nests among years likely reflects true variation in the
number of nesting pairs among years.

Factors potentially influencing reproductive output

We recorded 11 nests with intact eggs that were abandoned,
although we did not check for infertility or diseases. Low
temperatures (e.g. 8�C minimum on rainy days) in the cloud
forest might make Tucuman Parrots more susceptible to loss of
eggs through embryonic chilling (Stoodley and Stoodley 1990),
especially when incubating adults are disturbed. A decrease in
attendance at nests and an increase in the duration of incubation
recesses are associated with abandonment of nests in the Puerto
Rican Parrot (Amazona vittata) (Wilson et al. 1997). Nest aban-
donment hasbeen reported as themaincauseof total nest failure in
the Thick-billed Parrot (Monterrubio et al. 2002), Red-crowned
Amazon (A. viridigenalis), Red-lored Parrot (A. autumnalis), and
Yellow-headed Parrot (A. oratrix) (Enkerlin-Hoeflich 1995), but
it is infrequent among other lowland Amazona species. Other
factors that could explain abandonment are predation of incu-
bating adults or food scarcity, which might lead females to end
incubation because they cannot fulfil the high energy require-
ments of incubation.

Predation and abandonment of nests accounted for 28% of all
losses of nests in the Tucuman Parrot. Predation is themain cause
of nest losses for lowland species ofAmazona (Enkerlin-Hoeflich
1995; Koenig 2001; Fernandes Seixas andMourao 2002; Renton
and Salinas Melgoza 2004; Sanz and Rodríguez Ferraro 2006)
and for most birds (Ricklefs 1969; Skutch 1985; Newton 1998).

Because Tucuman Parrots inhabit the cloud forest between 1400
and 2200m above sea level, where richness and abundance of
predators is expected to be lower than at lower elevations (Skutch
1985), we expected to observe a lower rate of nest predation than
for other Amazona species of lowlands. Although there are no
snakes – one of the most important predators of other Amazona
parrots (Enkerlin-Hoeflich 1995; Koenig 2001; Renton and
Salinas Melgoza 2004; Rodríguez Castillo and Eberhard 2006;
Berkunsky et al. 2011) – in cloud forests of the Southern Yungas,
other predators present include Black-capped Capuchins, at
least four species of raptor (Barred Forest-Falcon, Micrastur
ruficollis; White-rumped Hawk, Parabuteo leucorrhous; Road-
side Hawk; Buteo magnirostris: Bicoloured Hawk, Accipiter
bicolor) and three other potential nest predators: two mammals,
the Tayra (Eira barbara) and the Lesser Grison (Galictis cuja),
and the Plush-crested Jay (Cyanocorax chrysops).We frequently
observed all of these species in the breeding habitat of
Tucuman Parrots. Predation was the third-most frequent cause
of total nesting failure for the Thick-billed Parrot in the high-
altitude forests of Mexico (i.e. above 2200 m above sea level)
(Monterrubio et al. 2002). A reduction in abundance and richness
of predators in forests can influence rates of nesting failure at
elevations >2200m above sea level, as shown by the low rates of
predation reported for the Thick-billed Parrot. The Tucuman
Parrot breeds during the rainy season and, therefore, we expected
to find a high number of flooded nests. However, we found
few flooded nests in extremely rainy years (i.e. 2006–07 and
2007–08).

A factor contributing to the high reproductive output of
Tucuman Parrots that we observed may be the lack of poaching
in the study area. High rates of nesting success for Thick-billed
Parrots have also been attributed in part to low rates of poaching
(1 of 187 nests) (Monterrubio et al. 2002).Many studies reporting
low reproductive output for parrots were conducted in areas
where poaching affects productivity and nesting success
(Martuscelli 1995; Wright et al. 2001; Rodríguez Castillo and
Eberhard 2006; Sanz and Rodríguez Ferraro 2006). However for
some species, low productivity can be explained not by the
influence of poaching but by high levels of predation and low
food availability (Renton and Salinas Melgoza 2004). Predation
and poaching may be the main limiting factors in lowland
habitats, whereas parrots nesting at higher altitudes may be
more affected by climatic factors and food availability. Aban-
donment of nests was the main cause of nesting failure for the
Thick-billed Parrot (Monterrubio et al. 2002) and the second-
most frequent cause of nest failure for Tucuman Parrot, but it
seems that this is not a significant cause of nesting failure for
species nesting in the lowlands.
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