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Seasonal roosts of Red-lored Amazons in Ecuador
provide information about population size and structure
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ABSTRACT. Data from roosts of Amazona parrots may be useful in creating demographic models, because
these birds exhibit high roost fidelity and pairs are conspicuous in flight. However, few investigators have attempted
to track changes in the number of pairs using such roosts. We studied Red-lored Amazons (Amazona autumnalis) at a
communal roost in southwest Ecuador over a 1-yr period to understand better their population structure. Population
size was estimated at 214 individuals. Counts revealed seasonal variation in numbers, but the occurrence of pairs
and singles was seldom correlated. The number of paired individuals using the roost was lower during the breeding
period. In contrast, the number of single birds at the roost nearly doubled during the breeding period. Overall, our
data suggest that parental responsibilities during the nesting period explain fluctuations in the number of birds at
the roost, and such fluctuations can be used to estimate the reproductive portion of the population. Protection of
the small mangrove islands where the parrots roost would likely benefit a population that occupies a much larger
area and would, at the same time, provide a useful tool for demographic studies of this poorly known neotropical
parrot.

SINOPSIS. Efectos estacionales en un dormidero de Loro Frentirrojo en el suroeste del
Ecuador

Datos colectados desde dormideros de los loros de Amazona podŕıan ser aptos para modelos demográficos,
pórque suelen ser fieles a los dormideros y vuelan en pareja. Apesar de la apreciacion general de esto, pocos estudios
han atentado documentar los cambios en el numero de parejas que visiten los dormideros a menudo. Realizamos
un censo del Loro Frentirrojo (Amazona autumnalis) en un dormidero comunal durante un año en el suroeste del
Ecuador para obtener datos sobre la estructura de la población. El tamaño de la población fue estimado en 214
individuos. Los datos indicaron una variación estacional y fuerte, sin embargo, la incidencia de parejas e solitarios
no siempre estuvieron correlados. El número de parejas fue mucho más bajo durante el periodo de la anidación. Por
otro lado, la cantidad de solitarios fue casi el doble durante la época de anidación. En conjunto, los datos sugieren
que las responsibilidades asociadas con la reproducción podrian explicar las fluctuaciones grandes en el dormidero
y aśı proveer una estimación de la proporción reproductiva. Protección de las islas pequeñas del manglar podŕıa
proveer beneficios a una población que ocupan a un área de habitat mucho más grande y a la vez conservar una
herramienta útil para estudios demográficos de un loro neotropical y poco conocido.

Key words: Amazona autumnalis, Ecuador, mangrove, psittacidae, reproductive populations, roosting, tropical
dry forest

Parrots are among the most threatened groups
of birds, and so there is considerable need for
monitoring programs based on efficiently col-
lected demographic data. Due to habitat de-
struction, capture for the pet trade, and life
history traits, parrots are more susceptible to
extinction than other groups (Casagrande and
Beissinger 1997, Collar et al. 1997, Stoleson
and Beissinger 1997, Snyder et al. 2000, Owens
and Bennett 2000, Wright et al. 2001). The
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lowland tropical forests of western Ecuador
are famous for high levels of species rich-
ness and endemism, but widespread habitat
destruction and development threaten numer-
ous species (Dodson and Gentry 1991, Myers
et al. 2000), including several species of par-
rots (Stattersfield and Capper 2000, Ridgely
and Greenfield 2001). Inexpensive and rapid
techniques are needed to accurately determine
the status of threatened species and, in some
cases, the impacts of harvesting (Beissinger and
Bucher 1992, Casagrande and Beissinger 1997,
Wright et al. 2001). Common measures of status
include the size and reproductive portion of
a population (IUCN 1994), and these have
seldom been reported for neotropical parrots
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(Casagrande and Beissinger 1997, Sandercock
et al. 2000). Forest-dwelling parrots are notori-
ously difficult to study in the wild (Gilardi and
Munn 1998). However, where communal roosts
are isolated, censusing provides an opportunity
to assess critical aspects of population biology
(Casagrande and Beissinger 1997, Snyder et al.
2000).

We censused flocks of the poorly known
Red-lored Amazon (Amazona autumnalis) at a
communal roost in southwest Ecuador to un-
derstand better their population demographics.
Amazona parrots make convenient models for
demographic studies, because they consistently
travel as pairs and singles (Snyder et al. 1987,
Wright 1996, Gilardi and Munn 1998). They
are also highly gregarious at roosts, and so a
large portion of the population can be sam-
pled (Gnam and Burchested 1991, Snyder et al.
2000, Cougill and Marsden 2004). Given the
reproductive activities of breeding pairs, one can
make predictions about how the composition
of roosting aggregations should change between
the breeding and nonbreeding periods. If the
number of pairs is predictable based on breeding
patterns, this information could then be used to
estimate the reproductive portion of the popula-
tion. Because roost data can be gathered with a
fraction of the effort needed to directly monitor
nest attempts in an entire population, such roost
counts may thus provide a viable method for
monitoring wild parrot populations.

The idea of using roost counts to estimate
parrot population parameters is not new. Gnam
and Burchested (1991) used roost counts dur-
ing the nonbreeding season to estimate the
population size of the Cuban Amazon (Ama-
zona leucocephala). Using a marked population,
Casagrande and Beissinger (1997) estimated
the population size of Green-rumped Parrotlets
(Forpus passerinus) using roost counts, and found
higher numbers outside the breeding period,
despite unpredictability in the location of roosts.
Cougill and Marsden (2004) estimated the pop-
ulation size of Red-tailed Amazons (Amazona
brasiliensis) based on roost counts, and found a
sharp decline in numbers as the breeding period
approached. At our study site, Kunz (1995)
estimated population size using roost counts of
Red-lored Amazons and found that numbers
increased during the months after breeding was
completed.

Fewer attempts have been made to compare
the size of roosts during the breeding and non-
breeding periods, because counts would have
to be conducted over a period of at least 1 yr.
Snyder et al. (1987) found flock sizes to be sig-
nificantly larger during the nonbreeding season
for Hispaniolan Amazons (Amazona ventralis).
Enkerlin-Hoeflich (1995) also found that roost
counts of Red-lored Amazons were higher dur-
ing the nonbreeding season. At least for Amazona
parrots, roost counts can thus be used to estimate
population sizes; and data collected throughout
the year are affected by the portion of the pop-
ulation that abandons the communal roost to
nest.

Although no quantitative attempts have been
made to link the reproductive portion of the
population with changes in roost counts, this
may be especially feasible for Amazona parrots,
because the pair is the principal social unit in all
species studied to date. Within flocks, individu-
als consistently travel in pairs (Snyder et al. 1987,
Gilardi and Munn 1998, Ridgely and Greenfield
2001, K. S. Berg, pers. obs.), reflecting the
monogamous social system and especially strong
pair bonds in several Amazona parrots (Wright
1996, Bradbury et al. 2001, Bradbury 2003).
Because most parrots are sexually monomorphic,
all pairs in flight cannot be assumed to be male–
female pairs. Male–male pairs and siblings may
also occasionally fly in pairs (Snyder et al. 1987,
Enkerlin-Hoeflich 1995, Beissinger et al. 1998).
However, the incidence of male–male pairs in a
given population is likely small and of a tem-
porary nature, even where adult populations are
strongly male-biased (Sandercock et al. 2000,
K. S. Berg, pers. obs.). Our study focuses on
the number of pairs roosting. We assumed that
these were primarily male–female pairs, but ac-
knowledge that our methods did not allow us to
determine the extent to which pairs consisted of
male–male pairs and siblings.

Red-lored Amazons occur from Mexico south
through to western Ecuador and Brazil (Forshaw
1977, Juniper and Parr 1998). In Mexico, they
are better known (Enkerlin-Hoeflich 1995) and
clutches range in size from 1 to 4 eggs. The
incubation period begins with the laying of the
first egg and lasts 28 d. Females cease brooding
nestlings about 28 d posthatching, and fledging
occurs asynchronously beginning at about 55 d
posthatching. In most psittacids studied to date,
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only females incubate and they begin to roost in
the nest cavity prior to egg-laying, causing the
number of pairs at communal roosts to decline
(Snyder et al. 1987, Waltman and Beissinger
1992, Enkerlin-Hoeflich 1995). However, the
duration of the overnight brooding period ap-
pears to differ across Amazona species (Snyder
et al. 1987, Enkerlin-Hoeflich 1995, Renton and
Salinas-Melgoza 1999), and it is not clear when,
after the breeding hiatus, parents resume atten-
dance at communal roosts. Thus, females must
abandon the communal roost if they attempt to
breed, causing a decline in the number of pairs
at the roost during the breeding season.

Seasonal fluctuation in the number of singles
at roosts is more difficult to predict, but may also
provide information about breeding. During the
nonbreeding period, birds not flying in pairs
should consist of fledglings and unmated adults.
If we are correct, then the number of singles
during the nonbreeding period should decline
due to fledgling mortality and successful pairing.
Our data did not, however, allow us to distin-
guish between these two possibilities. During
breeding, male parents attend the nest during
the day, but sleep at communal roosts (Waltman
and Beissinger 1992, Enkerlin-Hoeflich 1995,
K. S. Berg, pers. obs.). Thus, if male parents
roost communally during breeding, there should
be an increase in the number of singles roosting
at this time. We thus predicted that the num-
ber of singles roosting should increase at the
onset of breeding. Although immigration and
emigration could affect the number of singles
and pairs any time during the year, we had
no way to quantify this. We suspect, however,
that potential effects are likely small, given the
highly philopatric nature of parrots (Enkerlin-
Hoeflich 1995, Sandercock et al. 2000, Brad-
bury et al. 2001). The geographic isolation of
the population studied (Ridgely and Greenfield
2001, K. S. Berg, pers. obs.) further argues
against permanent, significant migratory effects.
Finally, we expected the number of singles to
increase at the end of the breeding season, reflect-
ing the number of fledglings recruited into the
population.

METHODS

Study area. Our study was conducted
at Puerto Hondo (2◦11′47′′S, 79◦59′58′′W),
Province of Guayas, Ecuador. The area included

a fishing village located between a mangrove
forest and a series of hills known as the Cordillera
de Chongón. The latter was mainly covered
in 40- to 80-yr-old Tropical Dry Forest and
cattle pastures extending from near sea level to
approximately 400 m elevation (Foster 1992).
The roost site was on a mangrove island 0.7 km
from where we conducted counts and is the
only known roost for several hundred kilometers
(Ridgely and Greenfield 2001, K. S. Berg, pers.
obs.). The island was located on a tributary of
the Estero Salado that converges with the Rı́o
Guayas and empties into the Gulf of Guayaquil
and the Pacific Ocean about 75 km to the
west. Red-lored Amazons forage and nest several
kilometers to the north in the forested hills
of the Cordillera Chongon. This is the only
suitable habitat for Red-lored Amazons for many
kilometers, with a city of 3 million people to
the east, a large extension of mangroves to the
south, and dry tropical scrub and agricultural
holdings to the west. This combination of factors
made the flight path to and from the mangroves
predictable. Rainfall in the region is highly sea-
sonal. A weather station located 15 km east of
the study site recorded a median of 1050 mm of
rain, with 99% concentrated between December
and May. The median temperature was 22◦C,
ranging from a maximum of 34.4◦C to a
minimum of 18.0◦C (N = 10 yr; INAMHI
1994).

Breeding. At our study site, Red-lored
Amazons breed between late December and early
April (Kunz 1995, Juniper and Parr 1998, K.
S. Berg, pers. obs.). Kunz (1995) documented
two nesting attempts (range = 8 January–19
March 1994) and juveniles were seen begging
from parents until early May, presumably more
than a month after fledging. To establish the
nesting period during our study, we monitored
one successful nest that was active between late
December 1999 and late March 2000. This
breeding period was consistent with the breeding
period in 1994 (Kunz 1995). The nest tree was
located about 3 km from the roost site inside
the Bosque Protector Cerro Blanco (2◦12′0′′S,
80◦0′0′′W), a privately owned and managed re-
serve protecting 6000 ha of Tropical Dry Forest
in the Cordillera del Chongón. We observed the
nest for a total of 175 h from a blind at a distance
of 35 m.

Roosting. Red-lored Amazons were
counted from a fixed point along a known
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flyway, on average, every 1.4 d from 15 June
1999 to 7 June 2000 (N = 504 h). We
alternated counts between dusk arrivals
and dawn departures. Dawn counts began
at 05:50 (±10 min) and continued until
07:50 (±10 min; depending upon local
sunrise). Dusk counts were conducted between
17:10 (±10 min) and 19:10 (±10 min).
Numbers of pairs and single individuals were
recorded. Although not quantified, flock size
typically varied from 10 to 30 individuals
and, within these flocks, pairs were usually
clearly distinguishable; birds not clearly flying
as pairs were treated as singles. Cloud cover
was categorized during each count as cloudy,
partly cloudy, or clear. Counts were canceled if
it rained.

Preliminary analysis indicated significant dif-
ferences between the dawn and dusk counts.
Pooling counts of singles and pairs, the dawn
and dusk counts conducted on the same day
were highly correlated throughout the year (N =
112, r = 0.64, P < 0.0001). However, counts
conducted at dawn (N = 130) were significantly
higher (t = 3.12, P = 0.002) than those at
dusk (N = 123), with mean counts of 117 at
dawn and 98 at dusk. Dawn numbers were more
stable, but the difference was not significant
(two-sample test of variance, F 122,129 = 1.33,
P = 0.11). Dawn counts were probably more
accurate than those at dusk, because the census
was conducted only 0.7 km from the roost site.
Thus, in the morning, birds left the roost at ca.
10 m above the ground on the same small island
much closer to the observer than in the evening,
when they arrived from a considerable distance
(2–7 km) and height (50–500 m). Dawn counts
were also found to be more precise in estimating
the number of Red-tailed Amazons at roosts
(Cougill and Marsden 2004). Based on our
results, we included only dawn counts in the
main analysis. Cloud cover was unrelated to the
number of birds departing from the roost each
morning (F 2,120 = 0.96, P = 0.39) and was
ignored for subsequent analyses.

Statistical analyses. Statistical analyses
were conducted using the Statistical Analysis
System (SAS Institute 2002). General linear
models (GLM) were used for ANOVA. Analysis
of residuals and normality tests initially sug-
gested that roost counts deviated from a normal
distribution. The mean and the variance were
strongly correlated (r = 0.66), suggesting that

the data were best represented by a Poisson
distribution. We used the GENMOD Procedure
to construct an appropriate probability distribu-
tion against which the data were tested. How-
ever, because of the large number of roost counts,
the results did not differ significantly from mod-
els analyzed under normal assumptions, and we
thus present only the results of GLM. The GLM
was used to test whether breeding period and
month were related to the number of pairs and
singles at the roost. We fit the data on pairs to a
second-order polynomial, using the Julian date
and date interaction. Because parrot movements
may be influenced by rainfall, we also included
season (wet vs. dry) in the model. However,
because breeding occurred entirely during the
wet season, when used as categorical predictors,
season and breeding are confounded; and if
combined in the same model, would violate as-
sumptions regarding independence. We thus an-
alyzed each of the factors in separate models. We
used GLM to test whether Julian date predicted
a decline in singles, using only dawn counts
during the nonbreeding season. To control for
seasonal variations in roost size, we calculated the
proportion of pairs to total counts each day. We
arcsine-transformed proportions and used GLM
to test for effects of breeding period, date, and
date interaction. Because we believed breeding
was the biological cause of the quadratic fit of the
data, and not an independent source of variation,
we used Type I Sum of Squares to analyze effects
sequentially.

Given the high degree of variability in counts
and the lack of more direct observations of
breeding, estimating the breeding proportion or
fledgling output is not an easy task. As such,
we compare several methods for estimating the
reproductive portion of the population, differ-
ences between mean counts and mean propor-
tions in each season, and differences between the
mean of the five highest counts (or proportions)
in each season. To estimate fledgling success per
pair, we calculated the mean of the five highest
counts of singles during 2 mo postbreeding and
corrected this number by the mean (+1 SD) of
counts of singles 1 mo prior to breeding (i.e.,
unpaired adults prior to breeding).

RESULTS

Breeding. Red-lored Amazons nested in
dry tropical forest dominated by Ceiba
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trichistandra (Bombacaceae). The nest was in a
natural cavity in the trunk of a living C. trichi-
standra tree. On 9 December 1999, a pair
was first observed occupying the cavity and,
by 19 December, the birds occupied the cavity
throughout the day and were assumed to have
begun incubation. A chick was first seen at the
entrance on 7 February 2000, and both parents
were observed regurgitating food to the young
on 12 February. On 10 March, two chicks were
observed begging at the cavity entrance and
likely fledged by 25 March, because they were
not seen at the nest thereafter. On one occasion,
the male (judging by this individual’s reduced
role in nest care and larger size) was observed
flying in the direction of the communal roost
site just after sundown. At least one focal adult,
presumably the incubating female, was typically
present at the nest in the morning before the
exodus from the communal roost began. Thus,
the breeding period was between 19 December
and 25 March (96 d) and, during this period, the
female roosted in the nest and the male appeared
to return to the communal roost.

Roosting. A large roost of Red-lored Ama-
zons was censused throughout 1 yr (N = 123
dawn point counts). The mean (±SD) number
of birds leaving the roost each morning was 116
(±43), and ranged from 31 on 10 May 2000
to 229 on 18 September 1999. The highest
count occurred on the evening of 18 September
(248 birds). We estimate the population size
at 214 individuals, based on the mean of the
five highest counts during the nonbreeding
season.

Pairs comprised 91% (±7%) of all roosting
observations. Counts of pairs and singles differed
significantly between breeding and nonbreeding
periods (Table 1), but were only marginally
correlated (Pearson Correlation Coefficient N =
123, r = 0.16, P = 0.08). Counts of pairs (Y )
provided a good fit to a second-order polynomial
with date (X ) and date-squared (X 2) (Y = 47
(±10 SE)+0.93 (±0.12) X −0.002 (±0.0003)

Table 1. Summary statistics for counts of paired and single Red-lored Amazons at a communal roost in
southwest Ecuador during the breeding and nonbreeding seasons.

Paired Singles

Mean SE Min Max N Mean SE Min Max N

Breeding 82 4 36 122 95 13 1 4 19 28
Nonbreeding 115 5 14 222 28 8 1 0 24 95

X 2, F 2,120 = 29, r 2 = 0.33, P < 0.0001; Fig. 1A).
Solving this equation for a zero slope, the highest
expected counts of pairs occurred on 6 June
1999, about 5 mo before nesting began.

Breeding period, season, and month, all af-
fected the numbers of pairs and singles roosting,
but counts of pairs and singles responded differ-
ently (Table 2). For pairs, breeding period had
a stronger effect than season, but the situation
was reversed for singles. Month had the strongest
effect on both pairs and singles. On average,
there were 17 fewer pairs in the breeding period
(Table 1). In contrast, the average number of
singles increased by five during the breeding pe-
riod (Table 1). During the nonbreeding period,
the number of singles was strongly and inversely
related to Julian date (F 1,93 = 93.9, P < 0.0001,
r 2 = 0.50; Fig. 1), but no such pattern was
evident during the breeding period (F 1,26 =0.81,
P = 0.38, r 2 = 0.03; Fig. 1).

If differences in counts of pairs during the
breeding and nonbreeding seasons are the result
of breeding females roosting at nests, and not
simply a reflection of seasonal movements, then
the ratio of pairs to singles at the communal
roost should also decline during breeding. The
proportion of pairs roosting had a similar, yet
stronger quadratic fit with date and date-squared
than when based on actual numbers of pairs
(Fig. 1C; Table 3), and a significantly lower
percentage of pairs roosting communally during
the breeding season (Fig. 1C). These results rein-
force our earlier conclusion that the dissolution
of pairs during breeding is the biological cause of
the observed reduction in pairs roosting during
this time.

Because our hypothetical model of roosting
fit well with a series of empirical tests, we felt
justified in estimating the reproductive portion
based on roost counts. Table 4 provides four
methods for estimating the reproductive por-
tion of the population based on roost counts.
The most conservative estimates of the breeding
portion (7%) were based on proportions; the
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Fig. 1. Seasonal variation in counts of Red-lored
Amazons at a communal roost in Guayas Province,
Ecuador. (A) The number of paired individuals at the
roost by Julian date fit to a second-order polynomial
(r 2 = 0.33, P < 0.0001). There were significantly
fewer pairs at the roost during the breeding period.
(B) The number of single parrots at the roost by Julian
date. The number of single parrots declined contin-
uously during the nonbreeding period (r 2 = 0.50,
P < 0.0001) and was, on an average, higher during
the breeding period. (C) Proportion of total roosting
birds that were paired by Julian date. The proportion
of pairs was higher during the nonbreeding period
and declined at the start of the breeding period, as
indicated by vertical hashed-lines. Horizontal axis is
Julian serial date (16 June 1999–31 May 2000).

mean, or the mean based on the five counts
with the highest proportion of pairs, yielded
nearly identical results. At the other extreme,
the differences between the five highest counts

in the breeding and nonbreeding periods suggest
that as much as 43% of the population may have
attempted to breed.

Obtaining an estimate of fledgling output
is not as straightforward, given that unpaired
adults and fledglings are likely included in counts
of singles in the nonbreeding period. Because
the number of single individuals declined con-
sistently throughout the nonbreeding period, we
calculated the average number of singles for the
month prior to breeding (5.5) + 1 SD (3.4),
to arrive at an estimate of 8.9 or 9 individuals
unpaired at the onset of breeding. Our highest
count of singles was 36 individuals on 6 June, a
little more than 2 mo after the end of the breed-
ing period. More conservatively, the highest five
counts of singles during the 2-mo period after the
end of breeding averaged 26 individuals. Thus,
an estimate of 26 singles after breeding might
involve ca. 17 fledglings recruited into the roost
population. Returning to Table 4, this suggests,
according to our methods, a range of 0.36–2.36
fledglings per nest attempt.

DISCUSSION

Our estimate of the population size (214) was
based on the five highest counts, all of which
occurred during the nonbreeding season. This
increases earlier estimates of this roosting pop-
ulation by nearly 100 birds (Kunz 1995). This
estimate also represents a substantial portion of
the 400–600 individuals estimated for the entire
lilacina race of Red-lored Amazon (Juniper and
Parr 1998), and supports the long-held notion
that population estimates based on parrot roosts
should exclude counts made during the breeding
period.

Roost counts showed marked seasonal fluc-
tuations in both the number of pairs and sin-
gles, but season affected these in different ways.
As predicted, the number of pairs during the
breeding season was significantly lower than
during the nonbreeding season, supporting the
hypothesis that the breeding portion of the
population abandoned the communal roost to
nest. For singles, the situation was essentially
reversed; more singles were observed during the
breeding period. This supports the idea that
breeding males continue to roost communally
during breeding. However, because breeding
occurred entirely during the wet season, these
results by themselves do not allow us to rule-
out possible effects due to seasonal movements
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Table 2. Effects of breeding period (breeding vs. nonbreeding), season (wet vs. dry), and month on the
number of paired and single Red-lored Amazons at a communal roost in southwest Ecuador (June 1999–May
2000).

Dependent variable

Pairs Singles

Independent variables df F P r 2 F P r 2

Breeding period 1,121 15.5 <0.0001 0.11 24.4 <0.0001 0.17
Season 1,121 8.4 0.0046 0.06 110.0 <0.0001 0.48
Month 11,111 11.4 <0.0001 0.53 17.8 <0.0001 0.64

of the population that may be independent of
breeding activity (i.e., food scarcity; see Renton
2001).

On the other hand, the breeding pe-
riod appears evolutionarily labile in sympatric
psittacines, and food availability may be re-
lated to this lability (Brightsmith 2005). Even
within species, the breeding period appears
highly plastic. Red-lored Amazons in Ecuador
breed 4 mo earlier than in Mexico (Enkerlin-
Hoeflich 1995, Kunz 1995, our study). Our
finding that temporal changes in the proportion
of pairs predicted better a decline during the
breeding season essentially controls for possible
changes related to season (or food), because it
considers both singles and pairs simultaneously.
The seasonal movement hypothesis, on the other
hand, does not make clear predictions about
proportional changes in roost composition. Fur-
thermore, if the prolonged decline in pairs from
mid-December through March reflects seasonal
displacement in our study, this would contradict
patterns observed in other psittacine popula-
tions, because these were wet months when plant
energy production is likely higher (Renton and
Salinas-Melgoza 1999, Renton 2002). Taken
together, these results provide strong support for
the hypothesis that roost counts provide infor-
mation concerning the reproductive portion of
the population.

Most of our roosting population consisted of
pairs. Similarly, Gilardi and Munn (1998) found
that Amazona parrots traveled mainly in pairs.
Higher reproductive rates should be associated
with a higher proportion of single birds during
the nonbreeding season, even after controlling
for dispersal. The consistently high proportion
of pairs in our study during the nonbreeding
season suggests the same low reproductive rate
reported for numerous parrot species (Stoleson
and Beissinger 1997, Wright et al. 2001).

We observed a marked decline in the number
of single parrots using the roost during the non-
breeding period. This decline is likely explained
by fledgling mortality, known to be high in
first-year parrots (Stoleson and Beissinger 1997,
Wright et al. 2001). Some of this decline could
also be explained either by successful pairing of
adults or by dispersal, but our results do not
allow us to distinguish between these alternative
explanations.

Although our model generally responded well
to empirical tests, the variability in daily counts
and our limited knowledge of the breeding be-
havior of Red-lored Amazons make estimating
the reproductive portion of the population and
fledgling output difficult. As such, we present
four possible methods for estimating the repro-
ductive portion of the population (Table 4).
These estimates range from 7% to 43% of the
population. Calculating the differences in means
(Method 1) is not very realistic, because it caps
the population at 114, and the total popula-
tion size far exceeded this (214). However, this
method might provide a more realistic estimate
of the proportion of successful breeders. The
estimates of 7% that come from comparing
how proportions change (Methods 3 and 4)
seem, on the other hand, too conservative, and

Table 3. Results of a general linear model com-
paring the effects of breeding season, date, and
date-squared on the proportion (%) of paired Red-
lored Amazons at a comunal roost. Proportions were
arcsine-transformed prior to analysis.

df F P r 2

Model 3119 28.88 <0.0001 0.42
Breeding 1 57.34 <0.0001
Date 1 21.44 <0.0001
Date-squared 1 7.86 0.006
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Table 4. Comparison of four methods of estimating the reproductive portion and fledgling output of Red-
lored Amazons based on roost counts. All numbers are given based on individuals. Output is given in fledglings
per breeding female and based on an estimate of 17 fledglings recruited into the population after breeding,
and corrected for the average number of single individuals observed 1 mo prior to breeding (±1 SD).

Roosting Breeding estimate

Nonbreeding Breeding Individuals Portion Fledglings

Method (NB) (B) (NB − B) ((NB − B)/NB) (17/((NB − B)/2))
(1) Mean number of paired 114 82 32 28.1% 1.06

individuals
(2) Mean of 5 highest 214 121 93 43.5% 0.36

counts (pairs)
((NB − B/NB) × 214)

(3) Mean proportion of pairs 93% 85% 16 7.5% 2.13
(4) Mean of 5 highest 99% 92% 14 6.7% 2.36

proportions

yielded a high rate of fledgling output (2.1–
2.6 per attempt). Enkerlin-Hoeflich (1995) es-
timated 0.97 fledglings per nest attempt, which
is closer to our estimate using Method 1 (1.06
per attempt).

This leaves the comparison of the highest
counts between periods (Method 2) that we feel
comes closest to estimating the real reproductive
portion. Few direct estimates of the reproduc-
tive portion of parrot populations have been
made, because such estimates require an in-
tensive marked-resighting effort and exhaustive
monitoring of all nests in a population. Sander-
cock et al. (2000) reported a breeding portion
of 77% and 49% in female and male Green-
rumped Parrotlets, respectively, based on 1334
adults studied over a 10-yr period. Thus, our best
estimate of the reproductive proportion (43%)
of our population of Red-lored Amazons is close
to that reported for male parrotlets. The estimate
determined by using Method 2 corresponds to
0.37 fledglings per attempt, which is lower than
that reported for Red-lored Amazons in Mexico
and less than half of the minimum of sev-
eral congeners (reviewed by Enkerlin-Hoeflich
1995). However, this could be due to problems
with our estimate of 17 fledglings, and not
reproductive portion per se. Both estimates of
the reproductive portion and fledgling output
should be viewed with caution and data for
successive years are needed to confirm whether
the patterns described above are repeatable.

Currently, Red-lored Amazons do not have
global protected status (Stattersfield and Capper
2000). However, the lilacina race is endemic to
western Ecuador, where it was recently classi-

fied as near-threatened (Ridgely and Greenfield
2001). The roost used by Red-lored Amazons in
our study was the closest patch of mangrove to an
important extension of dry tropical forest in the
Cordillera de Chongon-Colonche (50,000 ha).
Bosque Protector Cerro Blanco (6000 ha) un-
doubtedly protects critical habitat for breeding
and foraging. However, the roost site is only
15 km from a city of 3 million people and
poaching at the roost persists (R. R. Angel, pers.
obs.). Our finding that as much as half of the
estimated total population of A.a.lilacinza uses
one, vulnerable roost, when considered with
their potentially low reproductive rate, supports
the recommendation by Ridgely and Greenfield
(2001) that threatened status is warranted in
Ecuador. Increasing the level of protection for
the small island used as a roost site by Red-
lored Amazons in our study would help protect
a population that ranges over a much larger area
and, at the same time, preserve a potentially
useful tool for demographic studies of a poorly
known neotropical parrot.
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