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Introduction

Psittacines are notoriously difficult to study in the wild (Beissinger & Snyder 1992). Due
to their lack of territorial behavior, vocalization behavior, long distance movements, and
canopy dwelling nature, many general bird community studies do not adequately sample
parrots (Casagrande & Beissinger 1997; Marsden 1999; Masello et al. 2006). As a result,
detailed studies of entire parrot communities are rare (but see Marsden & Fielding 1999;
Marsden et al. 2000; Roth 1984). However, natural history information is important for
understanding and conserving this highly endangered family (Bennett & Owens 1997;

Collar 1997; Masello & Quillfeldt 2002; Snyder et al. 2000).

The lowlands of the western Amazon basin harbor the most diverse avian communities in
the world (Gentry 1988) with up to 20 species of macaws, parrots, parakeets, and

parrotlets (Brightsmith 2004; Montambault 2002; Terborgh et al. 1984; Terborgh et al.
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1990). Psittacine densities can also be very high in this region as hundreds to thousands
of parrots congregate daily at riverbanks to eat soil (Brightsmith 2004; Burger &
Gochfeld 2003; Emmons 1984; Nycander et al. 1995). These “clay licks” apparently
provide an important source of sodium and protect the birds from the toxins in their diets
(Brightsmith 2004; Brightsmith & Arambura 2004; Emmons & Stark 1979; Gilardi et al.

1999).

Parrots eat predominantly seeds, unripe fruit, ripe fruit, and flowers, supplemented
occasionally with bark and other items (Forshaw 1989; Renton 2006). Unlike many other
birds, New World parrots are apparently not able to switch to diets of predominantly
insects and for this reason are intimately linked to the fruiting and flowering patterns of
trees. While climate fluctuations in the tropics are notably less than in temperate zones,
tree fruiting and flowering are known to vary seasonally in every location they have been
studied (Adler & Kielpinski 2000; Croat 1975; Frankie et al. 1974; Lugo & Frangi 1993;
van Schaik et al. 1993; Zhang & Wang 1995). Few plant species fruit and flower year
round, meaning that different foods are available to parrots at different times of year. In
addition total food abundance fluctuates in response to seasonal rainfall patterns (van
Schaik et al. 1993). These annual variations in food supply have important implications
for psittacine life history patterns. For example a lack of food can drive some or all
members of a species to move to other areas, following available food resources (Powell
et al. 1999; Renton 2001). Nesting season and nesting success can also be tied to annual

fruiting and flowering patterns (Sanz & Rodriquez-Ferraro 2006).



To effectively conserve parrot populations in the modern landscape, we need detailed
knowledge of their requirements and natural history cycles. Only in this way can we

ensure that the correct habitat elements are protected at the correct spatial scale.

The current study uses data on parrot and macaw nesting (7 years), soil consumption (7
years), seasonal changes in abundance (3 years), and tree phenology (2 years) from
Tambopata Research Center, Peru to analyze annual life history patterns and explore

possible causative links among the different factors.

Methods

Study area

The study was conducted at Tambopata Research Center 13° 07" S, 69° 36’ W. The center
is on the border of the Tambopata National Reserve (275,000 ha) and the Bahuaja-
Sonene National Park (537,000 ha) in the department of Madre de Dios in southeastern
Peru. It lies at the boundary between tropical moist and subtropical wet forest at 250 m
elevation and receives 3,200 mm of rain per year (Brightsmith 2004; Tosi 1960). The dry
season extends from April — October during which monthly rainfall averages 90 to 250
mm (Brightsmith 2004). The research center is located in a small (<1 ha) clearing
surrounded by mature floodplain forest, successional floodplain forest, Mauritia flexuosa
(Arecaceae) palm swamp, and upland forest (Foster et al. 1994). A large patch of bamboo
(Guadua sarcocarpa: Poaceae) covered the area immediately adjacent to the clay lick,
but this patch flowered and died in 2001 to 2002 (Foster et al. 1994; Griscom & Ashton

2003). The clay lick is a 500-m long, 25 to 30-m high bank along the western edge of the



upper Tambopata River approximately 1 km from the research center. The cliff is formed
by the Tambopata River’s erosion of uplifted Tertiary age alluvial sediments (Foster et al.
1994; Risdnen & Linna 1995; Résénen & Salo 1990). The soils of the lick are rich in clay
with high cation exchange capacity and high sodium levels (Gilardi et al. 1999), DJB

unpubl. data).

Tree phenology

Community wide tree phenology patterns have been monitored since July 2004 using
monthly direct observation of 1650 trees spread among four habitats (terra firme forest,
mature floodplain forest, succession river edge forest, and Mauritia palm swamp, K.
Quinteros unpubl. data). We used these data to generate a rough index of potentially
available psittacine food by calculating the proportion of trees that contained flowers,
unripe fruits or ripe fruits, as all three are commonly consumed by parrots (Forshaw
1989). Data were collected in July and August of both 2004 and 2005. The data we
present represent the average values for July and August. As we are still compiling the
lists of species eaten by psittacines at the site and identifying the 1650 trees, the data

presented here include all tree species not just those eaten by psittacines.

Parrot nesting

Researchers monitored Scarlet Macaw (Ara macao) and Red-and-green Macaw (Ara
chloropterus) nests in nest boxes and natural tree cavities from November 1999 — April
2006. Nests were checked once every 1 to 7 days throughout the breeding season
(November — April). Nests were climbed using single rope ascension techniques and

chicks were weighed and measured on each climb (Nycander et al. 1995). Researchers



and guides working at the site have opportunistically recorded nests of other psittacine
species since 1990. We only have detailed annual nesting chronology for Scarlet and
Red-and-green Macaws. For most other species we have found only a few nests since
1990 (Brightsmith 2005). For this reason data from all years are pooled to provide a
composite estimate of nesting season for each species. Lumping across species is justified
based on the detailed data from Scarlet and Red-and-green Macaws which show little

annual variation and great synchronization for these.

Parrot abundance

To determine the abundance of parrots in the forests around the study site, researchers
conducted 10-minute point counts from January 2003 — December 2005. A total of about
900 point counts were completed per year at a total of 18 different points spread among
four different habitats (terra firme forest, mature floodplain forest, succession river edge
forest, and Mauritia palm swamp). Each point is separated by at least 400 m from every
other point. Observers recorded all parrots seen or heard, the number in the group when
seen, and the approximate distance to perched birds. The index of parrot abundance
presented here is the monthly average number of groups (including flying and perched
birds) recorded per 10-minute point count. Since clay lick activity is most intense in the
morning, censuses were carried out in the afternoon (after 15:30) to avoid inflated

encounter rates caused by birds flying to and from the clay lick (Brightsmith 2004).

Soil consumption

Observers recorded bird use of the clay lick during approximately 20 early mornings per

month from February 2000 — December 2005. Researchers were at the site before the



birds began arriving (approximately at sunrise) and stayed until the birds finished their
early morning lick use (usually before 07:30 EST). Every 5 min observers recorded the
weather as rain (rain falling on the observer), sun (sun hitting the ground anywhere in the
vicinity of the clay lick), or cloud (if neither of the others applied). The presence or
absence of fog was also noted. Observers recorded the time, number and species of the
first birds that landed on the lick. Starting from this point, observers counted all birds on
the lick every 5 min using binoculars and a spotting scope (Brightsmith 2004). The index
of clay lick use presented here is bird minutes. For example if 5 parrots spend 10 minutes
on the clay lick this counts as 50 bird minutes. Bird minutes are used here instead of
maximum number of individuals per species or other metrics because bird minutes is best
thought to represent the total amount of clay consumed, and not just the number of birds

in the area.

Data analysis

I tested the relationship between body size and the onset of breeding using a Spearman
rank correlation of body mass versus month of first breeding and a t-test of month of first
breeding for large (>250 g) versus small (<250 g) psittacids (Gibbons 1985). Spearman
rank correlations were also used to test the relationships among 1) number of parrot
species nesting per month and the percentage of trees with flowers or fruit, 2) the
monthly average parrot abundance from the census data and the percentage of trees with
flowers or fruit, and 3) the monthly average clay lick use and the parrot abundance from

census data.



Results

A total of 21 parrot species in 14 genera have been recorded at Tambopata Research
Center. Two species, Red-shouldered Macaw (Diopsittaca nobilis) and Red-crowned
[Painted] Parakeet (Pyrrhura [picta] rosifrons), have never been recorded by myself or
my research teams (Table 1). Two additional species, Tui Parakeet (Brotogeris
sanctithomae) and Scarlet-shouldered Parrotlet (Touit huetii), have been recorded by the
research teams only once and four times respectively. This leaves a total of 17 species
that are seen annually at the site. As detailed articles of this information are being
prepared for publication elsewhere, what follows is only a cursory analysis and

discussion of these results.

Tree phenology

The percentage of trees with flowers, unripe fruits, or ripe fruits was lowest (< 10%) in
the late wet season early dry season (February to May) and gradually increased to a high

in the beginning of the wet season (November to January, > 16%, Fig. 1).

Parrot nesting

I have nesting information for 15 of the 20 parrot species occurring at the site
(Brightsmith 2005, Table 1). The parrot nesting season runs from June to March. Most
parrots and parakeets bred from June to November, whereas the macaws, Mealy Parrot
(Amazona farinosa), and White-eyed Parakeet (Aratinga leucopthalmus) nested from

November to March. Smaller parrot species initiated nesting significantly earlier in the

season than larger parrots. This trend held for all 15 species (rank correlation: r = 0.70; t

test: t=3.08, P = 0.009; species listed in Table 1) and for the 11 species where |



observed chicks or eggs (rank correlation: r = 0.81; t-test: t = 5.25, P <0.001, Brightsmith

2005).
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Figure 1: Annual patterns of tree phenology and parrot life history at Tambopata Research
Center, Peru. Data for all variables are combined for all psittacine species and across all
years of the study. Tree phenology is presented as the monthly percentage of trees with
flowers or fruits. Censuses are the monthly average number of parrot groups encountered
per 10-minute census. Clay lick data are monthly averages of lick use for all species
combined presented in thousands of bird minutes (5 birds on the lick for 10 minutes = 50
bird minutes). Nesting is the number of parrot species known to nest in each given month
(N =11 species for which we have confirmed nesting season by seeing eggs or chicks).



Table 1: Psittacine species recorded at Tambopata Research Center. Body masses are
from Dunning (1993). Start of nesting is from Brightsmith (2005) and unpublished data.
Clay lick use abundances are given as common (seen during >75% of the daily
observations), uncommon (seen < 75% and > 25%), rare (seen < 25% and >5%), or
occasional (seen during <5% of the observations, Brightsmith 2004). For censuses
abundance is given as common (detected > once per hour), uncommon (detected < once
per hour and > once per 2 hours), rare (< once per 2 hours and > once per 10 hours), and
occasional (< once per 10 hours). Latin names

Mass Start of

Species (q) nesting Clay lick Census
Blue-and-yellow Macaw 1125 November Common Common
Scarlet Macaw 1015 November Common Common
Red-and-green Macaw 1250 November Common Common
Chestnut-fronted Macaw 430 November Common Common
Red-bellied Macaw 370 October Common Rare
Blue-headed Macaw 250 22 Rare Occasional
Red-shouldered Macaw ' 136 ? Never Never
White-eyed Parakeet 157 October ? ** Uncommon  Uncommon
Dusky-headed Parakeet 108 22 Uncommon Common
Painted Parakeet ' 65 September * Never Never
Black-capped Parakeet 75 22 Never Occasional
Cobalt-winged Parakeet 67 August * Uncommon Common
Tui Parakeet 59 August * Occasional Never
Dusky-billed Parrotlet 25 92 Rare Occasional
Amazonian Parrotlet 42 July ?2° Occasional Never
Scarlet-shouldered Parrotlet 60 August ? Never Never
White-beillied Parrot 155 September Uncommon Rare
Orange-cheeked Parrot 140 22 Uncommon Rare
Blue-headed Parrot 247 June Common Common
Yellow-crowned Parrot 510 July ? Uncommon  Uncommon
Mealy Parrot 610 December Common Common

' Never seen at the site by the author, records from other observers

? Nesting season unknown

* Nesting season suspected through observations of birds at nests or interviews with
reliable local people, however not confirmed by the author

* Nesting data from nearby Manu National Park

> These species have been seen consuming soil at other clay licks



Parrot abundance

A total of 3040, 10-minute point counts over 3 years produced broadly repeating annual
patterns of parrot abundance at Tambopata Research Center. Abundance peaked in the

late dry season (August to September) with 6 or more psittacine groups detected per 10-
minute count in 2003 (Fig. 2). Each year the lows occurred in the early dry season (May

to June) with about 3 groups registered per 10 minutes.
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Figure 2: Parrot abundance in the forests surrounding Tambopata Research Center, Peru.
Data represent the average number of parrot groups detected during each 10-minute point
count.



Soil consumption

Data from 1,322 early mornings (< 7:30 AM) from January 2000 — August 2005 show a
great deal of daily variation but broadly repeatable annual patterns. The annual low in
lick use is in the early dry season (March — June, Fig. 3). The high season runs from the
late dry season through the early wet season (August — January). All 12 parrot species
that use the lick regularly show a strong seasonal peak in lick use. However, these peaks

range from August to January depending on the species.
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Figure 3: Clay lick use at Tambopata Research Center in southeastern Peru. Lick use
represents monthly averages for all species of psittacines presented in thousands of bird
minutes (5 birds on the lick for 10 minutes = 50 bird minutes). “Bird minutes” is used as
a surrogate for the total amount of clay consumed.



Correlations among factors

The number of parrot species nesting in each month is significantly correlated with fruit
and flower abundance (Spearman rank correlation on number of parrot species nesting
per month and the percent of trees with flowers or fruits [data from all years combined], r
=0.78, P <0.005, Fig. 1). The abundance of parrots at the site is weakly correlated with
fruit and flower abundance (Spearman rank correlation on 14 monthly mean census
figures and the percent of trees with fruits or flowers: r = 0.38, P < 0.1, Fig. 1). Clay lick
use peaks during breeding season for all parrot species for which we have good
information on nesting season and lick use. Clay lick use for all psittacine species is
significantly correlated with their abundance (Spearman rank correlation on 30 monthly

means of clay lick use and census data: r = 0.67, P <0.001, Fig. 1).

Discussion

Psittacine soil consumption, abundance, and nesting show large seasonal variations in
this highly diverse parrot community in the western Amazon basin. Flower and fruit
abundance also show large seasonal changes in this area of tropical moist forest. While
there is much variation in each data set, annual patterns are broadly repeatable,
suggesting that these factors are not just driven by random events. While correlation does
not prove causality, I will use the data presented here plus other data and information
gleaned from the literature to develop a possible chain of causality that may be driving

the annual parrot natural history cycles observed during this research.



Fruiting and flowering are lowest at the end of the wet season and peak in the early wet
season. This pattern has been observed in other sites and may be driven by the annual
rainfall patterns. Wind dispersed seeds often ripen in the late dry season when there are
few leaves on the trees, the seed pods can dry out sufficiently, wind velocities are high in
the canopy, and the dispersed seeds only have to wait a few months for the onset of the
rains and the resulting good germination conditions (van Schaik et al. 1993). Fleshy fruit
production usually peaks in the early wet season as there is abundant water available to
form the fruits and allow immediate germination and growth. Producing seeds at the end
of the wet season is considered sub optimal because the seeds and seedlings face a period
of 7 months with reduced rainfall (van Schaik et al. 1993). The timing of the rains
undoubtedly drives the pattern of flower and fruit abundance observed in this work in

Tambopata.

Throughout the world, bird breeding is known to correlate with the period of highest food
abundance (Lack 1968). This is because raising young (both pre and post fledging)
requires a great deal of extra food. In our study, the seasonal abundance of flowers and
fruits correlates significantly with the number of parrot species nesting each month. For
this reason I feel that the seasonal abundance of food broadly dictates the timing of parrot
reproduction in this system. Why smaller species nest earlier in the year than larger
species is not immediately clear. However, smaller bodied species may be able to
efficiently exploit smaller food sources (flowers, small unripe fruits, small wind
dispersed seeds, etc.) than larger species. Further analysis of the tree phenology data and

individual species’ diets are needed and I predict that such smaller sized food sources will



be more common in the late dry season when the smaller parrot species nest. However
smaller species are not known to nest earlier in other parrot communities so the

relationship found here could be spurious (Roth 1984).

The finding that clay lick use correlates with breeding season for all parrot species was
unexpected, as this had not been reported for parrots. However this pattern has been
found for humans, bats, elephants, butterflies and a variety of other taxa (Arms et al.
1974; Holdo et al. 2002; Smedley & Eisner 1996; Wiley & Katz 1998). In these cases it
is thought that the additional nutritional stress of reproduction is alleviated through
nutrients from the soil. For humans it is hypothesized that the toxin binding properties of
the soil may also help protect the developing fetus from toxins in the diet of the mother.
Additional evidence for a direct link between soil consumption and parrot breeding
comes from the finding that Scarlet Macaws regularly feed clay to their young at our site
in Tambopata (DJB unpubl. data). As a result I feel that the observed pattern of increased
clay lick use during the breeding season is driven, at least in part, by the adults

consuming soil to bring to their nestlings.

Despite the clear link between clay lick use and breeding; there are apparently many non-
breeding birds that visit the lick during the breeding season. I feel that this is the case for
at least some of the species because their behavior around the lick strongly suggests that
they are not breeding: 1) many pairs of Scarlet, Red-and-green, and Blue-and-yellow
Macaws (Ara ararauna) arrive at the lick and spend hours and hours waiting above the

lick, at the time when the females are brooding small chicks and don’t leave the nest for



more than 5 to 15 minutes at a time, 2) flocks of over 100 Mealy Parrots and White-eyed
Parakeets arrive in the early morning, suggesting that these birds slept in communal
roosts, and not as pairs in isolated nests. At other seasons, like the end of the wet season
and early dry season, these large flocks of parakeets and Amazons disappear. The census
data also support the contention that there is a large influx of birds during the season of

maximum clay lick use (Fig. 1).

In summary, the peak in clay lick use may be driven by two different phenomena:
increased lick use by local breeding birds, and an influx of non-breeders. Why non-
breeders should congregate near the lick is unclear, but could be related to an increase in
general food supply. Under this scenario birds may congregate around the lick to take
advantage of soil nutrients and the increased opportunities for social interaction in times
of food abundance, and leave the area in times of food scarcity. Not all members of a
species leave the area, in fact all of the common species are regularly recorded in all
months. However, the abundance of individual species can vary drastically, as seen with
Mealy Parrots whose abundance can drop by 87% within three months (DJB unpubl.

census data).

The data presented here suggest that large numbers of psittacines move in and out of the
study area annually (see also Karubian et al. 2005; Renton 2002). This is apparently in
response to local fruiting and flowering patterns, which probably determine when each
species nests and the local carrying capacity. Seasonally predictable movements to track

available food supplies have been documented among other species of New World



Psittacines using radio telemetry: Lilac-crowned Parrots in Mexico (Renton 2001) Renton
pers com.), Great-green Macaws in Costa Rica (Powell et al. 1999), and Mealy Parrots in
Guatemala (Bjork 2004). In all these cases the birds ranged tens to hundreds of
kilometers tracking food at the landscape level then returned to their nesting grounds the
following year. Such large-scale movements create special challenges for conservation as
birds frequently move out of official protected areas where they may be threatened by
hunting, habitat loss, or trapping (Powell & Bjork 1995, 2004). Tambopata Research
Center is located near the center of the 1.6 million ha Tambopata National Reserve —
Bahuaja Sonene National Park. The results presented here beg the question “is this huge
protected area big enough to protect the thousands of parrots that visit the clay lick
annually?” Radio telemetry studies in nearby areas are working to determine the ranging
requirements of macaws and parrots in the Amazon, and these may provide some

answers.
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Appendix: Names of parrots referred to in the text. English names follow American
Ornithologist’s Union Checklist of North American birds (AOU 1998) supplemented by

recent changes in Forshaw (2006). Taxonomic order follows Forshaw (2006). Aviculture

names are those used commonly in aviculture according to the author’s own experience.
Latin names in [brackets] represent old genus or species names that have been changed
recently. Subspecific identifications were made on the basis of the maps presented in
Forshaw (2006) and were not confirmed with specimens. Subspecific names are listed
only when the subspecies present in Tambopata are not the nominate subspecies.

English Aviculture Latin
Blue-and-yellow Macaw Blue-and-gold Macaw Ara ararauna
Scarlet Macaw Ara macao

Red-and-green Macaw
Chestnut-fronted Macaw
Red-bellied Macaw
Blue-headed Macaw
Red-shouldered Macaw
White-eyed Parakeet
Dusky-headed Parakeet
Red-crowned Parakeet
Black-capped Parakeet
Dusky-billed Parrotlet
Amazonian Parrotlet
Cobalt-winged Parakeet
Tui Parakeet

Scarlet-shouldered Parrotlet

White-bellied Parrot
Orange-cheeked Parrot
Blue-headed Parrot
Yellow-crowned Parrot
Mealy Parrot

Green-winged Macaw
Severe Macaw

Noble Macaw
White-eyed Conure
Dusky Conure
Painted Conure
Black-capped Conure
Sclater's Parrotlet

White-bellied Caique
Barraband's Parrot
Blue-headed Pionus
Yellow-crowned Amazon
Mealy Amazon

Ara chloropterus

Ara severus

Orthopsittaca [Ara] manilata
Primolius [Ara] couloni
Diopsittaca [Ara] nobilis longipennis
Aratinga leucopthalmus callogenys
Aratinga weddellii

Pyrrhura rosiefrons [picta]
Pyrrhura rupicola sandiae

Forpus sclateri

Nannopsittaca dachilleae
Brotogeris cyanoptera

Brotogeris sanctithomae

Touit huetii

Pionites leucogaster xanthomeria
Pionopsitta barrabandi aurantigena
Pionus menstruus

Amazona ochrocephala nattereri
Amazona farinosa
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