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LILAC-CROWNED PARROT DIET AND FOOD RESOURCE
AVAILABILITY: RESOURCE TRACKING BY A PARROT SEED

PREDATOR!
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Abstract. The pattern of food resource availability and use by Lilac-crowned Parrots (Ama-
zona finschi) was evaluated in tropical dry forest of the Reserva de la Biosfera Chamela-
Cuixmala, western Mexico. Monthly fruiting phenology transects were conducted throughout
the year in deciduous and semi-deciduous forest to determine temporal and spatia variability
in resource abundance. Resource use by parrots was evaluated through observations of diet
and habitat use. There was significant tempora and spatia variability in food resource abun-
dance, with semi-deciduous forest providing greater food resources for parrots during the dry
season, whereas food resource abundance increased in deciduous forest during the rainy sea
son. The critical period of food resource scarcity occurred during May—June at the end of the
long dry season. Lilac-crowned Parrots were pre-dispersal seed predators, and exhibited high
flexibility in diet, incorporating dietary switching, as well as niche-breadth contraction and
expansion, which corresponded with temporal variations in food resource availability. There
was low overlap in parrot diets between seasons, with parrots exhibiting a narrow food niche-
breadth during the late dry season when resource availability declined. Parrots also demon-
strated spatial variation in habitat use, corresponding to fluctuations in the availability of food
resources in different habitats. This flexibility in foraging enables parrots to closely track and
exploit seed resources which exhibit high temporal and spatial variability in abundance.

Key words: Amazona finschi, deciduous forest, habitat use, niche breadth, plant phe-
nology, seasonality.

Resumen. En este trabajo se evalud el patron en la disponibilidad de recursos y su uso
por el loro corona lila (Amazona finschi) en el bosque tropical seco de la Reserva de la
Biosfera Chamela-Cuixmala, oeste de México. A |o largo de un aflo, se realizaron transectos
mensuales para documentar |a fenologia de fructificacion en el bosque tropical caducifolio
y subcaducifolio, y para determinar la variabilidad temporal y espacial en la abundancia de
recursos. El uso de los recursos por los loros fue evaluado por observaciones de la dietay
el uso del habitat. Se encontrd una variabilidad temporal y espacial significativa en la abun-
dancia de recursos aimenticios; el bosgue subcaducifolio suministr6 mayores recursos ali-
menticios para los loros durante la época seca, mientras la abundancia de recursos alimen-
ticios aument6 en el bosque caducifolio durante la época de lluvias. El periodo critico de
escasez de recursos alimenticios ocurrid en mayo—junio, a fina de la larga época seca. Los
loros corona lila son depredadores de semillas, y exhibieron una alta flexibilidad de dieta,
incluyendo cambios en la dieta, ademas de la contraccion y expansion de la amplitud del
nicho, lo que correspondiod con las variaciones temporales en la disponibilidad de recursos
aimenticios. La dieta de los loros presentd poca similitud entre estaciones; los loros exhi-
bieron poca amplitud del nicho a final de la época seca, cuando la disponibilidad de recursos
declind. Los loros también mostraron variacion espacial en uso del habitat, correspondiendo
a las fluctuaciones en la disponibilidad de recursos alimenticios entre habitats. Esta flexi-
bilidad en el forrajeo permite alos loros de seguir y aprovechar recursos como las semillas,
las cuales exhiben una alta variabilidad tempora y espacial en su abundancia.

INTRODUCTION

Conservation of threatened species depends on
preserving all habitat types required to meet
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their resource needs throughout the year, as well
as maintaining connectivity between resource
patches (Saunders et a. 1991). With current
rates of deforestation, natural habitat is increas-
ingly reduced to forest remnants within a mosaic
of agricultural land. Understanding the relation-
ship of parrot populations to food resources en-
ables determination of the key resources, habi-
tats, and areas required for conservation, and
may help to predict the impact of habitat frag-
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mentation on threatened populations (Saunders
1990). Hence, basic knowledge is required on
how patch dynamics are expressed in nature, and
how populations and organisms respond to them
(Wiens 1976).

Most studies on the relationship of bird com-
munities to resource variability have been con-
ducted on frugivores (Levey 1988, Loiselle and
Blake 1991, Whitney and Smith 1998). How-
ever, the behavior of granivores in response to
food availability is similar to that of frugivores
(Poulin et al. 1994). Granivory is relatively un-
common among bird feeding guilds (Poulin et
a. 1994), and may require high flexibility in diet
and mobility at several spatial scales in order to
exploit such ephemeral and variable resources.

Canopy bird species comprise 40-50% of
tropical forest bird communities, while large-
bodied frugivores and parrots dominate canopy
bird communities (Terborgh et a. 1990). Cano-
py bird species may experience high variability
in food resources due to the greater seasonality
of canopy trees compared to the understory
(Frankie et a. 1974). Most parrot species are
primarily canopy seed-eaters (Smith and Moore
1991, Galetti 1993), although some parrot spe-
cies may be frugivorous (Wermundsen 1997).
Little is known about the relationship of parrots
to food resources, although most parrot species
rely on food types (i.e., seeds and fruits) which
may demonstrate high temporal and spatial var-
iability in abundance. It may be predicted that
seed predators such as parrots will track food
resources closely in order to exploit temporal
and spatial abundances in plant seed production.

The Lilac-crowned Parrot (Amazona finschi)
is a threatened species endemic to the Pacific
coast of Mexico. Tropical dry deciduous forest
along the Pacific coast of Central America is a
highly threatened forest type (Beissinger et al.
1996) which exhibits marked seasonality in
plant productivity (Janzen 1967, Frankie et al.
1974, Bullock and Solis-Magallanes 1990). This
study aims to determine whether there is tem-
poral and spatial variability in food resource
abundance for Lilac-crowned Parrots in tropical
dry deciduous forest, and to evaluate the rela-
tionship of parrot diet to food resources.

METHODS
STUDY SITE

The study was conducted at the 131-km? Reser-
va de la Biosfera Chamela-Cuixmala (19°22'N,

104°56'W to 19°35’N, 105°03'W), on the Pacific
coast of Mexico. The study site has a dry trop-
ical climate exhibiting a marked seasonality in
precipitation, with 85% of the 748-mm average
annual rainfall occurring from June to Novem-
ber, and a prolonged drought from mid-February
to late May (Bullock 1986). The reserve has a
hilly topography varying in elevation from 20 m
to 520 m above sea level. The dominant vege-
tation type on the slopes is tropical dry decidu-
ous forest, with semi-deciduous forest in the
larger drainages and more humid valleys (Lott
1993).

FOOD RESOURCE AVAILABILITY

Phenology transects. A total of 45 phenology
transects of 200 m X 6 m were established, with
15 transects in each of three habitat types: (1)
deciduous forest, (2) semi-deciduous forest, and
(3) watercourses, in order to determine habitat
variation in resource availability (Chapman et al.
1994). Transects were dispersed within the study
area to obtain a representative sample of re-
source availability, and were constructed away
from road or trail systems to avoid recording
edge species. Transects in deciduous forest were
varied with respect to aspect, and included
southeast slopes (n = 3), southwest slopes (n =
2), northeast slopes (n = 3), northwest slopes (n
= 2), dong ridge tops (n = 3), and at the bases
of slopes (n = 2). Areas of semi-deciduous for-
est between the Arroyo Chamela and the Rio
Cuitzmala were identified from aerial photo-
graphs of the region (scale 1:50,000) taken dur-
ing the dry season. Watercourses within the
study site comprised a mixture of deciduous and
semi-deciduous forest species. Transects were
established along four main watercourses: Cai-
man, Carayes, Cagjones, and Limbo. Placement
of transects along these watercourses was deter-
mined by dividing the main watercourses and
their tributaries on the map into 500-m num-
bered sections, which were then randomly se-
lected. Each 200-m transect was established
within one of the 15 selected 500-m sections;
the chosen point was located in the field using
a Geographica Positioning System.

Transects were monitored by the same ob-
server during the second and third weeks of each
month from January 1996 to July 1997 (exclud-
ing December 1996). Fruit or seed bearing trees
greater than 10-cm diameter at breast height
(dbh) were recorded when detected within a 3-
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m band on either side of the transect line in or-
der to determine canopy variation in resource
availability (Bullock and Solis-Magallenes 1990,
Chapman et al. 1994). Where a tree occurred on
the boundary of the 3-m transect width, the tree
was included if the mid-point of the trunk was
rooted within the transect area.

Tree species were identified by comparison
with samples in the herbarium at the Estacion
de Biologia Chamela of the Instituto de Biolo-
gia, Universidad Nacional Autbnoma de Méxi-
co. The dbh of each fruiting tree was measured
as a correlate of fruit crop abundance (Chapman
et a. 1992). Where the trunk branched below
breast height (1.3 m), the dbh of each trunk
branch was measured and summed to give a to-
tal dbh for that tree.

Data analysis. The number of fruiting trees,
and their doh were each summed over al tree
species in al transects in each of the three hab-
itat types in order to obtain habitat-wide esti-
mates of resource abundance in each month.
Only parrot food-plant species were recorded in
the transects, and fruit or seed crops were in-
cluded in the analysis at the stage of ripeness
when consumed by parrots. For the purpose of
the phenology study, June was included as a
dry-season month because in 1996 the first rains
did not commence until the end of June, after
phenology transects for that month had been
completed. Preliminary analysis using the Kol-
mogorov-Smirnov statistic with Lilliefors signif-
icance level (Zar 1996) determined that the data
did not deviate significantly from the normal
distribution required for parametric analysis (K-
S;; = 0.13, P = 0.18). Seasonal variation in food
resource abundance was analyzed by two-way
ANOVA on the number of trees and sum of dbh
of fruiting trees in each habitat type during the
dry and rainy season. The general linear model
was used to account for missing values for the
month of December.

PARROT DIET AND RESOURCE USE

The diet of Lilac-crowned Parrots throughout
the year was determined by observations of
feeding activity. During each month of the year,
trails were walked in deciduous and semi-decid-
uous forest, and along watercourses during the
first four hours of the morning and the last three
hours of the afternoon, when parrots conduct the
majority of foraging activity. When feeding par-
rots were encountered, the date, time, location,

food species, and habitat type were noted, as
well as the number of parrots observed feeding
on each food resource, and the plant part eaten,
i.e, fruit pulp, seed, or flower. A feeding bout
was recorded as one observation of one or more
parrots feeding on one food source. If the parrots
changed to another food source during the pe-
riod of observation, this was recorded as a sec-
ond feeding bout (Galetti 1993).

NICHE BREADTH AND SIMILARITY
MEASURES

Diet observations were analyzed using the num-
ber of individuals observed feeding on a partic-
ular resource, and the number of feeding bouts.
Niche breadth was evaluated using the standard-
ized Levins and Hurlbert's niche-breadth indi-
ces, where a value close to O indicates dietary
specialization, and a value close to 1 indicates a
broad diet (Levins 1968, Colwell and Futuyma
1971, Hurlbert 1978).

Levins (1968) standardized niche-breadth in-
dex was calculated from observations of Lilac-
crowned Parrot diets during four periods of the
year corresponding to the early dry season (Jan-
uary—March), the late dry season (April-June),
the early rainy season (July—September), and the
late rainy season or rainy-dry transition (Octo-
ber—-December). Niche-breadth indices were
then related to the number of food species avail-
able during each three-month period as deter-
mined by the phenology transects. Hurlbert's
(1978) niche breadth incorporates a measure of
the proportional abundance of resources in each
season, and was calculated using both number
of food trees, and sum of dbh of fruiting trees.

Similarity or overlap in parrot diets between
the dry and rainy seasons was evaluated using
the Morisita index of similarity for quantitative
data on occurrence of food items in the diet
(Krebs 1989). Chi-sguare contingency analysis
was conducted to test for differencesin the num-
ber of feeding bouts recorded in each of the
three habitat types during the four periods of the
year.

RESULTS

TEMPORAL AND SPATIAL VARIATION IN
FOOD RESOURCES

A total of 36 food plant species of 15 families
was recorded in the phenology transects. There
was a sharp decline in resource abundance by
both number of trees and species during the late
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FIGURE 1. Number of Lilac-crowned Parrot food
trees and species available each month over al habitat
types in 1996.

dry season in May and June, rising again in July
with the start of the rainy season (Fig. 1). Food
resource abundance for Lilac-crowned Parrots
was greater in semi-deciduous forest during the
early dry-season months of January—February
(Fig. 2) due to fruiting of Brosimum alicastrum.
The peak resource abundance in deciduous for-
est and along watercourses during March and
April resulted from fruiting of Comocladia en-
gleriana, Spondius purpurea, Caesalpinia erios-
tachys, and Ficus cotinifolia. The sharp April
peak of resource abundance in semi-deciduous
forest and along watercourses arose from fruit-
ing of Astronium graveolens. All habitat types
began to decline in resource abundance during
the late dry season in May—June; however, semi-
deciduous forest maintained some food resource
abundance during this period with fruiting of As-
tronium graveolens, Guarea glabra, and Ficus
SPP.

There was a dlight peak in resource abun-
dance along watercourses during July following
ripening of Sciadodendron excelsum fruit, and
the onset of fruiting of deciduous forest species
such as Celaenodendron mexicanum, Crataeva
tapia, Jatropha spp., and Caesal pinia spp. These
species commenced fruiting earlier along water-
courses than on the slopes, possibly due to great-
er soil humidity. The increase in resource abun-
dance in deciduous forest, as well as along wa-
tercourses, during the latter part of the rainy sea-
son was due to fruiting of many deciduous forest
species. Acacia spp., Caesalpinia spp., Celae-
nodendron mexicanum, Esenbeckia nesiotica,
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FIGURE 2. Temporal patterns of food resource avail-
ability in three habitat types and monthly rainfall dur-
ing 1996. (a) Resource abundance by number of trees.
(b) Sum of diameter at breast height (dbh) of fruiting
trees. (c) Total monthly rainfall.

March
Aprll
lune
J uly
Aug
Sept

QOct

Jatropha spp., Lysiloma microphyllum, Pithe-
cellobium spp., and Plumeria rubra.

Habitats differed significantly in their re-
sponse to seasons (Table 1). Semi-deciduous for-
est had greatest resource abundance for Lilac-
crowned Parrots during the dry season, which
declined during the rainy season (Fig. 2). Con-
versely, deciduous forest had lowest resource
abundance during the dry season, which in-
creased during the rainy season (Fig. 2).

SEASONALITY IN PARROT DIETS

Lilac-crowned Parrots were observed to con-
sume 33 food species throughout the year (Table
2). Lilac-crowned Parrots were primarily pre-
dispersal seed predators with seeds forming
81.8% of the diet, fruit 8.8%, insect larvae 6.6%,
and bromeliad stems 2.9% of the diet (n = 137
feeding bouts).

Parrot diet also varied considerably between
the dry and rainy seasons, with little overlap or
similarity in food items between the seasons
(Morisita index = 0.11). The main food items
during the dry season were seeds of Astronium
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TABLE 1. Results of two-way ANOVA using the general linear model on number of trees and sum of diameter
at breast height (dbh) of food trees from phenology transects in three habitat types during the dry and rainy

season of 1996.

Number of trees Sum of dbh
Source df F P F P
Season 1, 27 5.48 0.03 0.49 0.49
Habitat 2,27 0.28 0.76 5.17 0.01
Season X habitat 2,27 5.81 <0.01 551 0.01

graveolens (38.1%, n = 207 parrots), Brosimum
alicastrum (18.8%, n = 102), and Celaenoden-
dron mexicanum (10.3%, n = 55). During the
rainy season, the diet comprised seeds of Celae-
nodendron mexicanum (16.8%, n = 72), and
fruits of Sciadodendron excelsum (16.8%, n =
71), aong with seeds of Jatropha standleyi
(14.5%, n = 62), Jatropha malacophylla (14%,
n = 60), and Caesalpinia pulcherrima (13.1%,
n = 56).

RESOURCE USE AND AVAILABILITY

Levins' niche breadth, B, was narrower in the
dry season (B = 0.22) than in the rainy season
(B = 0.55), and declined most sharply in the late
dry season of April-June (B = 0.10, Fig. 3).
Variations in Levins niche breadth for Lilac-
crowned Parrots during each period of the year
were strongly correlated with the number of
food species fruiting over each three-month pe-
riod (r2 = 0.96, P < 0.05, Fig. 3). This suggests

TABLE 2. Diet observations for the Lilac-crowned Parrot at the Reserva de la Biosfera Chamela-Cuixmala

between 1996-1997.

Feeding

Family/Species? Part eatenP Parrots bouts Months
Anacardiaceae/Astronium graveolens unrp se 207 24 May—June
Anacardiaceae/Comocladia engleriana unrp se 41 3 March-April
Apocynaceae/Plumeria rubra unrp se 12 6 Feb, Sept, Oct
Araliaceae/Sciadodendron excelsum rp fr 71 7 July
Bombacaceae/Ceiba aesculifolia p se 2 1 March
Bromeliaceae/Bromelia sp. phylum 10 4 July—Sept
Burseraceae/Bursera sp. nov. p se 40 1 Nov
Capparidaceae/Crataeva tapia unrp se 2 1 April
Euphorbiaceae/Celaenodendron mexicanum unrp se 127 16 Feb, March, July
Euphorbiaceae/Jatropha malacophylla unrp se 60 1 July
Euphorbiaceae/Jatropha standleyi unrp se 62 4 July
Homoptera/Leaf gall of A. graveolens larvae 18 9 April-July
Leguminosae/Acacia farnesiana unrp se 2 1 March
Leguminosae/Bauhinia ungulata unrp se 37 8 Feb—March
L eguminosae/Caesal pinia eriostachys unrp se 1 1 Feb
Leguminosae/Caesal pinia pulcherrima unrp se 56 12 Nov
Leguminosae/Erythrina lanata unrp se 2 1 May
Leguminosae/Lysiloma microphyllum unrp se 8 1 March
L eguminosae/Pithecel lobium dulce se + fr 2 1 April
L eguminosae/Pithecel lobium lanceolatum unrp se 8 2 Sept—Oct
Meliaceae/Guarea glabra p se 32 2 May—June
Moraceae/Brosimum alicastrum se + fr 102 14 Jarn-April
Moraceae/Ficus cotinifolia fruit 6 3 Jan—March
Moraceae/Ficus insipida fruit 10 1 May
Rutaceae/Esenbeckia nesiotica unrp se 31 7 Sept, Oct
Sapotaceae/Sderoxylon capiri unrp se 10 1 June

aAlso identified from crop samples and observations were seeds of Spondius purpurea (Anacardiaceae), Sebas-
tiania sp. (Euphorbiaceae), four unidentified species, and fruits of Guapira macrocarpa (Nyctaginaceae).
b Part eaten: unrp = unripe, rp = ripe, se = seed, fr = fruit.
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FIGURE 3. Levins niche breadth for parrot diets
compared with number of food species available dur-
ing four periods of the year.

that food niche-breadth of Lilac-crowned Parrots
tracks resource abundance, with niche breadth
being narrowest when resources are least abun-
dant. Hurlbert’s niche breadth, B’, which weights
resource use by an estimate of abundance, gave
a broader niche vaue for the dry season (by
trees: B’ = 0.62, by dbh: B” = 0.32) compared
to the rainy season (by trees. B’ = 0.21, by dbh:
B’ = 0.14).

Analysis of niche breadth, similarity mea
sures, and composition of the diet indicate that
Lilac-crowned Parrots may adjust food resource
use in response to tempora variations in re-
source abundance. Chi-square contingency anal-
ysis a'so demonstrated a significant differencein
the frequency of feeding bouts in different forest
types between four periods of the year (x% =
74.4, P < 0.001). Lilac-crowned Parrots concen-
trated foraging activity in semi-deciduous forest
at the end of the dry season, but switched to
deciduous forest following the onset of the rainy
season (Fig. 4). This corresponds to the pattern
of food resource availability in each forest type
at different times of the year, with most resourc-
es available in semi-deciduous forest at the end
of the dry season, whereas resource abundance
increased in deciduous forest following the onset
of the rainy season (Fig. 2).

DISCUSSION

TEMPORAL AND SPATIAL PATTERNS OF
RESOURCE AVAILABILITY

Food resource availability for Lilac-crowned
Parrots demonstrated seasona fluctuations in
abundance and variability between forest types.

307

M semi-deciduous
Odeciduous
B watercourse

25 1

Frequency of feeding bouts

Jan-March  April-June Oct-Dec

FIGURE 4. Frequency of feeding bouts by Lilac-
crowned Parrots in three habitat types during four pe-
riods of the year.

July-Sept

A sharp decline in resource abundance occurred
in May—June at the end of the dry season, in-
dicating that thisis acritical period of food scar-
city for Lilac-crowned Parrots. Semi-deciduous
forest produced greater food resource abundance
in the early to mid dry season than in the rainy
season, and is an important source of food dur-
ing the dry season, when parrots are raising
young (Renton and Salinas-Melgoza 1999). In
particular, semi-deciduous forest provides essen-
tial food resources during the late dry season
months of May—June, and may be a key habitat
type at this critical time of the year. Conversely,
deciduous forest may be important in providing
abundant food resources for parrots at the end
of the rainy season, prior to the breeding season
and egg laying.

Tropical dry forest in Mexico is being defor-
ested at a rate almost equal to that of tropical
humid rainforest (Masera et al. 1997). Current
rates of deforestation along the coast of Jalisco
are twice as high in semi-deciduous forest than
deciduous forest, and semi-deciduous forest now
comprises less than 10% of the land area in the
Chamela-Cuixmala region (A. Miranda, pers.
comm.). Increased fragmentation of semi-decid-
uous forest could result in food limitation for
parrots during the breeding season. Semi-decid-
uous forest may also provide essential resources
for other animal communities in deciduous for-
est during the dry season. However, little is
known of the dynamics of habitat use within the
animal community of tropical dry forest, and
such information is essential to develop effective
strategies for conservation and management of
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threatened species, such as the Lilac-crowned
Parrot.

PARROT DIET AND RESOURCE USE

Lilac-crowned Parrots were primarily pre-dis-
persal seed predators, with seeds forming 82%
of the diet, whereas fruit pulp comprised less
than 10% of the diet. Insect larvae did not form
a major component of the diet, and has been
reported only occasionally for Neotropical par-
rots (Martuscelli 1994, Enkerlin-Hoeflich and
Hogan 1997), although insects are common in
the diet of Australian parrots (Rowley and Chap-
man 1991, Smith and Moore 1991). Lilac-
crowned Parrots were not observed consuming
flowers. Most other parrot species consume
flowers very infrequently (Wermundsen 1997),
although flowers formed the second main food
item for Scaly-headed Parrots (Pionus maximi-
liani) in Brazil (Galetti 1993).

A predominantly seed diet means that Lilac-
crowned Parrots may need to adjust rapidly to
changes in seed availability. Plants may have
evolved high synchrony in seed production as a
strategy to avoid predation by satiating potential
predators (Janzen 1969, Augspurger 1981).
Hence, pre-dispersal seed predators such as par-
rots need to be highly mobile and flexible in
order to exploit each food resource as it becomes
available. Thisflexibility in diet was demonstrat-
ed by the strong seasonality in parrot diets, in-
corporating dietary switching, and niche-breadth
expansion and contraction. Seasonal variations
in diet have been noted for Australian parrots
(Rowley and Chapman 1991), and some Neo-
tropical parrots (Galetti 1993, Wermundsen
1997). Seasonal diet switching was also record-
ed for seed-eating Galapagos finches, and may
occur in response to environmental heterogene-
ity (Smith et a. 1978, Schluter 1982).

Hurlbert's index and the positive correlation
between Levins niche-breadth value and food
species abundance indicate that niche breadth is
determined by food availability. Lilac-crowned
Parrots exhibit narrower diets in response to low
food availability during the dry season, when
they are restricted to exploiting a few resources.
The reverse occurs in the rainy season when
there is a greater variety of food resources and
parrots are able to exhibit selectivity in diet.

The present study demonstrates a high flexi-
bility in parrot diets which was closely related
to temporal variations in food resource avail-

ability. Lilac-crowned Parrots also demonstrated
spatial variation in habitat use corresponding to
fluctuations in the availability of food resources
in different habitat types throughout the year.
These strategies may enable Lilac-crowned Par-
rots to closely track a seed resource base which
exhibits high temporal and spatial variability in
abundance, and they suggest an evolutionary re-
lationship between parrot seed predators and
plant seed resources.

The fact that parrots consume predominantly
unripe seeds, and closely track variationsin seed
abundance, makes them potentially important
pre-dispersal seed predators on canopy trees.
The tendency for tree speciesin tropical dry for-
ests to be clumped in distribution (Hubbell
1979), and the potential for seed predators such
as parrots to significantly reduce seed production
(Heithaus et al. 1982, Galetti and Rodrigues
1992), mean that a highly mobile seed predator
may influence forest dynamics. Studies in Cen-
tral American forests suggest that herbivores
play a regulatory role in maintaining forest di-
versity (Janzen 1970, Dirzo and Miranda 1990).
Parrots are among the principal canopy grani-
vores in tropical forests. This combined with the
tendency to form large feeding flocks and an
ability to track resource variability, means that
as pre-dispersal seed predators, parrots may play
aregulatory role in maintaining diversity of can-
opy trees in tropical forests.
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