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Abstract. Although exotic species may have a negative impact on native organisms,
they can in some cases provide abundant resources. Use of these resources may have
important implications for habitat use, movement, and space requirements of native
animals, and ultimately for population dynamics. We describe the diet of a population of
the narrowly endemic Cauca Guan (Penelope perspicax) in the Colombian Andes. This
guan demonstrates plasticity in its eating habits, feeding on an exotic tree species during
periods of food scarcity. Based on direct observations and analysis of fecal samples over
a one-year cycle, we found that guans fed on 89 species of fruits but also included foliage,
flowers, and invertebrates in their diets. Guans fed on fruit species in proportion to their
availability but favored some species with high fruit production or prolonged fruiting.
Fruit availability, measured both in numbers of species and biomass, varied throughout
the year, with a low in September–December. During the period of low fruit availability,
guans congregated in large numbers at a Chinese ash (Fraxinus chinensis) plantation,
where they fed on young leaves in large quantities. Ash was planted at this site over
40 years ago as part of a reforestation program, and plantations are invaded by native
vegetation. Guans are abundant at this site, and seasonal consumption of ash foliage,
a concentrated and abundant food source, may have influenced local population
dynamics.

Key words: Cauca Guan, diet, exotic species, folivory, frugivory, fruit availability,
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Dieta de Penelope perspicax: Explotación de un Recurso Novedoso en Épocas de Escasez.

Resumen. Aunque las especies exóticas pueden tener efectos negativos sobre los
organismos nativos, en algunos casos pueden proveer recursos abundantes. El uso de estos
recursos puede tener importantes implicaciones para los patrones de uso de hábitat,
movimientos y dinámica poblacional de los animales nativos. En este trabajo describimos
la dieta de una población de Penelope perspicax, una especie endémica de los Andes
colombianos. Esta especie muestra plasticidad en sus hábitos alimentarios, consumiendo
una especie de árbol exótico durante las épocas de escasez de alimento. Basados en
observaciones directas y análisis de muestras fecales durante un año, encontramos que P.
perspicax se alimenta de 89 especies de frutos, pero también incluye follaje, flores e
invertebrados en su dieta. P. perspicax se alimentó de las especies de frutos en proporción
a su disponibilidad, pero favoreció algunas especies que producen cosechas grandes o
fructifican continuamente. La disponibilidad de frutos, medida como número de especies y
biomasa, varió a lo largo del año y se presentó un periodo de baja disponibilidad entre
septiembre y diciembre. Durante el periodo de baja disponibilidad de frutos, P. perspicax
se congregó en grandes números en una plantación de Fraxinus chinensis, en donde se
alimentó de las hojas jóvenes en grandes cantidades. F. chinensis fue plantado hace unos 40
años en un programa de reforestación y las plantaciones están invadidas de vegetación
nativa. P. perspicax es abundante en este sitio y el consumo estacional del follaje de F.
chinensis, que representa una fuente de alimento concentrada y abundante, puede haber
influenciado su dinámica poblacional.

INTRODUCTION

The effects of introduced species on native biota
are variable (Sax et al. 2005). Introduced species

frequently have negative impacts on native
organisms. For instance, invasive plants may
threaten native species of birds by altering
habitat structure or resource availability (Ra-
mos 1996, Scheiman et al. 2003, Ortega et al.
2006). In some cases, however, exotic species
may have a positive impact, providing habitat
or resources for native animals (Sax et al. 2005,
Neilan et al. 2006, Sarasola and Negro 2006). If
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one such resource is abundant or available
during a critical period (e.g., of low food
availability), it may strongly influence the
population dynamics of local consumers.

Resource use has important implications for
patterns of movement, habitat use, and space
requirements of animals. An important factor
influencing resource use and movement pat-
terns is variation in temporal and spatial
availability of fruits (Levey and Stiles 1992).
Fruit availability is patchy in both time and
space, frequently forcing frugivores to track
resources over large areas. However, movement
routes of frugivores may be disrupted as
a consequence of habitat fragmentation, caus-
ing local population extinctions (Kattan et al.
1994, Renjifo 1999). Susceptibility to this type
of disruption depends on factors such as habitat
patch size, body size, habitat use, and move-
ment patterns of frugivores (Restrepo et al.
1997). In general, large frugivores are more
vulnerable because of their need to range over
large areas.

We describe the diet of a large-sized frugi-
vore, the Cauca Guan (Penelope perspicax,
Cracidae), over a one-year cycle. Like other
cracids, the Cauca Guan feeds on fruit and
other plant parts, such as flowers and leaves,
but knowledge of its food habits is restricted to
limited, short-term observations. Previous stud-
ies on a population of Cauca Guan have
reported guans feeding on foliage of Chinese
ash (Fraxinus chinensis, Oleaceae), an exotic
and invasive tree (Garcı́a-Robledo and Murcia
2005) planted in a revegetation program in the
central range of the Andes of Colombia
(Nadachowski 1994, Durán and Kattan 2005,
Kattan et al. 2006). Chinese ash is a deciduous
species, and guans aggregate in large numbers
at plantations during times of leaf flush (Kattan
et al. 2006, Rios et al. 2006). Here we show that
guans have a broad diet but heavily consume
ash leaves when fruit availability decreases in
the forest. This demonstration of plasticity in
resource use, taking advantage of a novel,
abundant food source, may have important
implications for the dynamics of this popula-
tion.

The Cauca Guan is a narrow endemic in the
mid Cauca Valley in southwestern Colombia,
with an area of occupancy of about 750 km2.
Currently, only four isolated populations are
known (Kattan et al. 2006). It is one of the most

endangered species in the Cracidae (Renjifo
2002, Brooks 2006). Cloud forest within its
elevational range (1000–2000 m) on both slopes
of the Cauca Valley is reduced to small and
isolated fragments. Understanding habitat use
and resource requirements is crucial for im-
plementing conservation plans for the Cauca
Guan, as this determines whether populations
can persist in fragmented landscapes (Kattan
and Valderrama 2006).

METHODS

This study was conducted at Otún-Quimbaya
Flora and Fauna Sanctuary, a 459 ha protected
area located on the western slope of the Central
Cordillera of the Colombian Andes (municipal-
ity of Pereira) at an elevation of 1800–2100 m.
Otún-Quimbaya is adjacent to Ucumarı́ Re-
gional Park, which protects an additional
3980 ha of Andean forest between elevations
of 1700 and 2600 m. Both parks protect the
Otún River drainage. Thus, approximately
2000 ha of forested habitat are available in this
area within the elevational range of the Cauca
Guan (Kattan et al. 2006).

The Otún River drainage was partially
deforested during the first half of the 20th
century for timber extraction and pasture
establishment. Protection of the Otún River
drainage started in the 1960s, when the local
government utilities company began purchasing
lands and initiating a reforestation program for
erosion control. Most of the land was aban-
doned to natural regeneration, but some areas
were planted with monospecific stands of
different species, both native and exotic, to
accelerate soil stabilization and development of
a canopy cover (Londoño 1994, Murcia 1997).
Presently, the drainage is 80% forested, with
a mosaic of old-growth forest remnants (mostly
on steep slopes), secondary forest of different
ages (10–45 years old), and monospecific tree
plantations including Chinese ash, Andean oak
(Quercus humboldtii, Fagaceae) and some exotic
conifers (Pinaceae). As plantations were in-
tended for revegetation purposes, they were not
managed and are presently invaded by native
vegetation in their understories and edges,
although their canopies remain dominated by
the planted species (Durán and Kattan 2005).
Patches of Chinese ash were planted mostly on
the valley bottom along the river. Within the
Otún-Quimbaya Sanctuary, a variable-width
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strip (23–187 m) of ash plantation extends for
approximately 1500 m (22 ha).

The rainfall regime in the study area is
bimodal, with a mean annual precipitation of
2700 mm. Peaks of precipitation occur in
April–May and October–November. A mild
dry season occurs in December–January, and
a more pronounced one in July–August, when
,100 mm of rain falls per month. Mean annual
temperature is 15uC (Aguilar and Rangel 1994).

Data were collected between October 2002
and September 2003. To obtain data on the diet
of the Cauca Guan, we employed two comple-
mentary methods—direct observation and col-
lection of fecal samples (Rosenberg and Cooper
1990). We marked six 1000 m transects
throughout the study area (five through forest
and one through ash plantation), separated by
at least 500 m. As part of a distance-sampling
protocol for estimating guan densities (GHK
unpubl. data), for eight days each month, three
observers walked through the transects in the
morning (06:30–08:30) and afternoon (15:30–
17:30). Each transect was sampled four times,
randomizing the order and time of day, for
a total of 24 monthly surveys. In addition,
during ten days each month, we searched and
followed guans throughout the study area with
no spatial or temporal restrictions.

Each time we encountered a guan, we
counted the first observation of its feeding on
a single food item as a consumption event. If
a guan fed in one tree and then moved and fed
in a tree of a different species, we defined these
as two consumption events. If there was more
than one individual in the same tree, we
counted each bird’s feeding as a consumption
event for that species of plant (guans congre-
gated at fruiting trees but otherwise were
solitary, arriving and departing independently;
Rios et al. 2006). Fecal samples were collected
immediately after guans defecated, and the
presence of seeds of a particular species in
a fecal sample was defined as a consumption
event for that species.

To describe fruit characteristics, we collected
5–10 fruits from each of 2–10 trees of 42 species
consumed by the Cauca Guan. We determined
fresh and dry mass of both pulp and seeds,
numbers of seeds per fruit, and length and
width of whole fruits. We also recorded fruit
color and classified fruits as berries, drupes,
arils, syconia (Ficus spp., Moraceae) or soroses

(Cecropia telealba, Cecropiaceae). We calculat-
ed the pulp-dry-mass to seed-dry-mass relation-
ship as a measure of the benefit (i.e., nutritional
versus nonnutritional mass) that frugivores
obtain when ingesting fruits (Izhaki 2002).

We analyzed the chemical composition of 14
species of fruits, which represented a variety of
plant families that were consumed by guans, as
well as young and mature ash leaves. We
collected and dried pulp and leaves in a field
oven and transported the material in sealed
plastic bags to the laboratory. Analyses were
performed at the Animal Nutrition Laboratory
of Universidad Nacional in Palmira, Colombia.
Determination of nutritional components was
based on standard methods of the Association
of Official Analytical Chemists (Helrich 1990).
Percent dry matter was determined after drying
pulp and leaves at 105uC for 24 hr. Ash
produced from combustion was obtained after
drying pulp and leaves at 600uC for 12 hr.
Lipids were obtained by the Soxhlet method of
isolation with petroleum ether. Nitrogen con-
tent (nitrogenous compounds) was obtained
using the Kjeldahl method, and crude fiber by
digestion with sulphuric acid and sodium
hydroxide.

To estimate fruit availability, we selected at
random three smaller subtransects (50 3 4 m)
within each of the six 1000 m observation
transects, for a total of 18 fruit transects. We
marked a total of 1110 trees of .3 cm diameter
at breast height in the 18 transects. Twice each
month, we estimated the number of fruits in each
tree by counting the number of fruits on a subset
of branches and extrapolating to the total
number of branches. We averaged the two
monthly fruit counts to obtain an estimate of
fruit availability for each species and month. We
calculated the total dry mass of the crop
produced by each tree species in each transect
and expressed fruit availability in terms of both
total number of fruiting species per month (for
availability index) and fruit biomass per transect.

STATISTICAL ANALYSES

To explore differences among months in fruit
biomass per transect, we used a Friedman
repeated-measures analysis of variance. Differ-
ences among months in total number of fruiting
species were tested with a x2 test, using the
mean number of species per month as the
expected value.
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To compare monthly fruit availability and
consumption, we used the Czekanowski or
proportional similarity index (PSI; Feinsinger
et al. 1981):

PSI ~ 1 { 0:5 S pi { qij j,

where pi is the proportion of each fruit species
in the diet (measured as number of consump-
tion events), and qi is the proportional avail-
ability of the species with respect to the total
number of fruits. The index varies between zero
and one, with zero indicating specialization,
and one indicating that guans are using
resources in proportion to their availability.
To estimate how complete our sampling of the
guan’s diet was, we calculated species-accumu-
lation curves from both observations and fecal
samples using EstimateS 7 (Colwell 2004).

RESULTS

During transect sampling and at other oppor-
tunities, we obtained a total of 391 fecal
samples and made 948 feeding observations.
We recorded 111 items in the guan’s diet: 89
species of fruits (80% of items), 11 species of
flowers (10%), and 11 species of leaves (10%).
In addition, we observed groups of 3–7 guans
following army ants (Labidus praedator) and

feeding on invertebrates 24 times in eight
different months (Rios et al. 2006). We detected
residues from such invertebrate sources as ants,
dipterans, beetles (Pselaphidae) and homopter-
ans (Cicadellidae) in 113 fecal samples.

Guans were principally frugivorous through-
out the year, except in November and Decem-
ber, when they fed on large quantities of ash
foliage (Fig. 1 and 2). Fecal samples revealed
more fruit species in the diet than did direct
observations. All seeds found in fecal samples
were intact, suggesting that guans digest only
pulp and not seeds. A large number of species
(38%) occurred only once in both fecal and
observational samples. Species-accumulation
curves indicated that many more species can
be expected in the diet, as the observed number
of species represented 71% (fecal samples) and
56% (observations) of the expected number of
species (Colwell 2004).

Guans fed on a wide variety of fruit types:
drupes (52% of 89 fruit species), berries (31%),
syconia (Ficus spp.; 9%), arils (5%) and soroses
(C. telealba, which was consumed in all months;
2%). The most common color of fruits eaten by
guans was green (33% of fruit species); followed
by purple (26%); and black, white, or red
(collectively 9%). Guans fed on unripe, green-
colored fruits of Symplocos quindiuensis (Sym-
plocaceae), Turpinia occidentalis (Staphyla-

FIGURE 1. Composition of the Cauca Guan diet
in the Central Andes of Colombia varied by month.
Composition was measured as percent of consump-
tion events recorded per month of fruits, leaves, and
flowers. Numbers above bars are sample sizes of
consumption events.

FIGURE 2. Folivory in the Cauca Guan increased
with decrease in fruit availability. Folivory is given as
percent of consumption events per month (numbers
above bars are sample sizes of consumption events),
and fruit availability is expressed as mean fruit
biomass per transect (total 18 transects; error bars
are SD). Consumption of ash and other leaves is
shown separately.
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ceae), and Vismia guianensis (Clusiaceae), al-
though these fruits turn purple when ripe.

Fruits consumed by guans were morpholog-
ically very variable, particularly in fruit length
and number of seeds (Table 1). Fuits were also
highly variable in the proportion of dry mass
represented by seeds, which varied from being
a small proportion of pulp dry mass to being 18
times larger. Guans fed on fruits as different as
the large drupes of Lauraceae and Arecaceae
(each with one large seed) and the small berries
of Melastomataceae (containing hundreds of
small seeds). These fruits varied widely in
nutritional content (Table 2). Lipid content
was unexpectedly low in Aniba muca and
Nectandra lineatifolia (both Lauraceae) and
high in Miconia acuminifera (Melastomataceae)
and Palicourea acetosoides (Rubiaceae).

Fruit availability varied throughout the year,
both in mean fruit biomass per transect (x2

11 5

68.3, P , 0.001; Fig. 2) and total number of
species in fruit (x2

11 5 22, P , 0.02; Fig. 3).
Fruit availability (number of species) was low in
October 2002 when the study began, and
increased steadily to reach a peak in May
2003 (Fig. 3). Fruit biomass also followed this
trend (Fig. 2). The peak in fruit biomass
observed in May–July was due to S. quindiuen-
sis and Dendropanax macrophyllum (Aralia-
ceae), which had notably high fruit production.
Fruit sampling in transects did not closely
reflect fruit availability for guans, as guans fed
on many species that were not present in
transect samples and conversely, many species
that fruited in transects were not consumed by
guans, at least during this study (Fig. 3).
Throughout the study period, 59 species of
plants produced fruit in transects, but only 25
were consumed by guans (thus, 34 species
fruiting in transects were not consumed, mostly
rare species with low fruit production). For 64
species on which guans fed, we had no measure
of availability, either because they were not

present in transects (e.g., T. occidentalis and
Ficus andicola), or because trees in transects did
not produce fruit. This was in part a reflection
of intraspecific spatial and temporal patchiness
in fruit production. For example, guans fed
heavily on Oreopanax floribundum (Araliaceae)
in December, but trees in transects did not
produce fruit in that month. In contrast, C.
telealba fruited throughout the year, but all
trees marked in transects were male.

The proportional-similarity index varied
among months from 0.1 to 0.8, with a year-
round mean of 0.5 (Table 3). This indicates
that, in general, guans were opportunistic,
feeding on fruits in proportion to their avail-
ability. Occasionally, however, guans concen-
trated their feeding on particular fruit species,
even though other species were abundant. For
example, in May guans fed on 25 species, but S.
quindiuensis made up a high proportion of
consumption events, and guans fed on this
species whenever it was available, favoring it
over other species that were also abundant
(Fig. 4).

Because we had no measure of availability
for many species on which guans fed, the
proportional similarity index is only an approx-
imation to diet selectivity. For example, in
March, guans fed on 18 species, but most
feeding records were on C. telealba and T.
occidentalis, which either did not produce fruit
or were not represented in transects. For eight
of the most-consumed fruit species, consump-
tion (measured as percent of consumption
events) in general followed availability (bio-
mass; Fig. 4). M. acuminifera was abundant in
October, when few other species were fruiting.
However, guans seemed to prefer some species
to others that were fruiting in abundance at the
same time. For example, A. muca and Prestoea
acuminata (Arecaceae) were most consumed
after their peak fruiting periods, when their
availabilities were decreasing, probably because

TABLE 1. Descriptive statistics of four variables measured in 42 fruit species consumed by the Cauca Guan
in the Central Andes of Colombia (PDM/SDM 5 pulp dry mass/seed dry mass).

Variable Mean 6 SD Minimum Maximum

Length (mm) 16.1 6 30.6 3.9 206.0
Width (mm) 11.2 6 5.4 2.7 26.0
Number of seeds 275 6 1543 1 10 024
PDM/SDM (g) 1.8 6 3.7 0.006 18.4
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drupes, and four species made up 75% of its
diet. Mikich (2002) found that in semideciduous
seasonal forest in southern Brazil, Rusty-
margined Guans (P. superciliaris) depended
heavily on the fruits of a palm (Euterpe edulis,
Arecaceae) during eight months of the year.

Most studies of the food habits of cracids
have been short in duration and based on
a small number of samples, and many reports
are anecdotal (Muñoz and Kattan 2007). Thus,
the scope of cracid diets in terms of the numbers
of species and types of fruits has been under-
estimated, and long-term studies on cracids
have revealed broad diets (Muñoz and Kattan
2007). Even with an intensive, yearlong study
like ours, species accumulation curves suggest
that more species will be found to be consumed
by guans at this site.

One striking result of this study is the high
temporal reliance of guans on ash foliage,
particularly considering that ash is an intro-
duced species. Cracids are known to be partially
folivorous, but leaf consumption usually occurs
in small quantities (Muñoz and Kattan 2007).
Partial folivory occurs in some large-bodied,
fruit-eating birds, and leaves may be a supple-
mentary source of protein or nutrients (Sun and
Moermond 1997, Sun et al. 1997). Few birds
are highly or exclusively herbivorous, however,
because of morphological and nutritional lim-

itations imposed by this kind of diet. Those
species that are have specific adaptations for
such a diet (Morton 1978, Dudley and Vermeij
1992, Grajal 1995). Hoatzins (Opisthocomus
hoazin), for example, which have an 80%
folivorous diet, have pregastric fermentation
(Grajal et al. 1989). The Rufous-tailed Plant-
cutter (Phytotoma rara), a small folivorous
passerine, has beak serrations that it uses for
macerating plant material, mechanically break-
ing cell walls and liberating nutrients (López-
Calleja and Bozinovic 1999, Rezende et al.
2001). No digestive adaptations have been
reported for a folivorous diet in cracids, but
some galliforms that feed on plant matter have
large ceca (Klasing 1998). One strategy used by
some folivorous birds (e.g., Anseriformes) is to
ingest great quantities of plant material and
pass it quickly through the digestive tract. Thus,
the low energy assimilation is compensated for
by a high volume of processed food (Buchs-
baum et al. 1986).

During the period of comparatively low fruit
availability in the forest, despite the presence of
some fruit (and we did observe guans dispersed
throughout the forest feeding on fruits), large
groups of guans, sometimes up to 30 individ-
uals, aggregated in November and December at
the ash plantation and fed on leaves for long
periods of time (Kattan et al. 2006, Rios et al.

FIGURE 3. Monthly fruit availability at the Otún
Quimbaya Sanctuary, as total number of species
fruiting in 18 sampling transects, and number of
species actually consumed by Cauca Guans each
month. Availability is shown separately for species
consumed and not consumed by guans.

TABLE 3. Proportional similarity index (PSI),
reflecting proportional use versus availability for
fruits consumed by Cauca Guans in the Colombian
Andes. The table shows PSI for each month of the
study and the overall mean. Dashes indicate
insufficient data to calculate index.

Month PSIa

October 2002 0.2
November 2002 0.1
December 2002 —
January 2003 —
February 2003 0.8
March 2003 0.7
April 2003 0.7
May 2003 0.5
June 2003 0.6
July 2003 0.3
August 2003 0.2
September 2003 0.5
Mean 0.5

a PSI 5 0 indicates specialization, and PSI 5 1
indicates resources are used in proportion to their
availability.
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The Cauca Guan population at our study site
is the largest remaining population of this
species (Kattan et al. 2006). Although habitat
protection and restoration during the past
50 years has certainly favored a population
increase at this site, ash plantations appear to
play a significant role in supporting this
population. Whether guans are feeding on ash
because it is a preferred food resource or simply
because young leaves are available in large
quantities, coincident with a period of low fruit
availability, remains to be determined. Pheno-
logical data for a two-year period at the same
site suggest that the peak of fruit abundance
during the May–July period is variable between
years, but the period of low availability in
October–December is consistent (MMR un-
publ. data), with guans consistently gathering
at the ash plantation in November (Kattan et
al. 2006). A similar situation has been described
for the Dusky-legged Guan (P. obscura) in the
Paraná River Delta region of Argentina (Merler
et al. 2001). The winter diet of this species is
composed mainly of fruits of the exotic species
Ligustrum sinense and Ligustrum lucidum (Olea-
ceae), the only species fruiting during this
season. Furthermore, the guans are absent from
nearby forests where these plants are also
absent. In northwestern Argentina, this guan
survives mostly on leaves during the winter
(Merler et al. 2001).

The plasticity in habitat and resource use by
Cauca Guans observed in this study, in
particular the use of ash foliage, is also
intriguing because this guan is an endemic
species with a very small range (Renjifo 2002,
Kattan et al. 2006). Although many native birds
may feed on exotic fruit species (Neilan et al.
2006, Pairon et al. 2006), some endemic species
have restricted diets and ignore fruits from
introduced species (Williams and Karl 1996).
The geographical distribution of Cauca Guans
may be restricted by ecological or historical
factors that are presently unknown, but our
data suggest that a lack of plasticity in habitat
and resource use does not appear to be
a limiting factor in its distribution and abun-
dance (Rios et al., in press).
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