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Abstract: The Andean bear (Tremarctos ornatus),

the only extant ursid in South America, lives in

páramo and montane forest ecosystems and is

classified as vulnerable on the International Union

for Conservation of Nature Red List (Goldstein et

al. 2008). In Podocarpus National Park in southern

Ecuador, Andean bears exhibit patchy foraging

behavior on Puya eryngioides, a small terrestrial

bromeliad. The objective of this study (conducted

during summer 2011 in Podocarpus National Park)

was to determine which factors influence foraging by

characterizing and contrasting the biological and

physical surroundings of foraged and unforaged P.

eryngioides patches within a larger feeding site. The

majority of our variables did not differ between

foraged and unforaged patches at the measured

scale, but we found evidence that foraging choices

might be influenced by aspect, microtopography, P.

eryngioides density, and distance from cover. These

results provide a foundation for future research into

food resources and foraging behavior by Andean

bears, which is critical information for conservation

in the changing and increasingly fragmented páramo

ecosystem.
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In patchy environments, animals in search of

foraging locations must make a series of choices,

weighing a variety of factors (e.g., energetic costs of

locating new resource sites, quality of known sites,

avoiding predation, temporal variance in resource

availability) at multiple scales (Compton et al. 2002,

Fortin et al. 2003, Sergio et al. 2003, Bee et al. 2009).

Optimal foraging theory predicts that the resultant

foraging patterns will be based on maximizing

energy uptake per unit of effort expended (Pyke et al.

1977, Hamilton and Bunnell 1987). Bailey at al.

(1996) described a spatial hierarchy for considering

foraging behavior and the mechanisms that influence

decisions. The smallest scale is a bite of food,

followed by feeding station, patch, feeding site,

camp, and home range. Foraging decisions at each

scale have a wide range of ecological consequences,

from defining niche occupancy to affecting patterns

of competition and coexistence and constraining

adaptive potential.

Foraging strategies are particularly interesting in

broadly distributed organisms that exploit a diver-

sity of environments and food resources. With the

exception of polar bears (Ursus maritimus), bears

exhibit considerable foraging and environmental

plasticity (Garshelis 2009). The Andean bear (Tre-

marctos ornatus) is highly cryptic and elusive, and

information about its demography, behavior, and

habitat use throughout South America is limited.

The Andean bear is omnivorous and uses areas

ranging from the near-Amazon to the high Andean

páramo (a 4,500-m elevation range). Within this

range, the species’ diet encompasses terrestrial and

epiphytic plants and fruits, insects, small animals,

and carrion (Peyton 1980, Suarez 1988, Rumiz et al.

1997, Goldstein 2000). However, the largest part of

the diet consists of bromeliads, particularly of the

genus Puya (Suarez 1988, Rivadeneira-Canedo

2008). For example, in the páramo of Podocarpus

National Park, Ecuador, Andean bears forage

selectively on the hearts of Puya eryngioides, a small

terrestrial bromeliad with a patchy distribution. P.

eryngioides is endemic to the páramo of southern

Ecuador (Azuay, Loja and Zamora–Chinchipe

provinces), where it is found abundantly in dense

groupings of connected individuals (Manzanares and

Pitman 2003).

Since 1982, Andean bears have been categorized

as vulnerable on the International Union for

Conservation of Nature Red List (Goldstein et al.4email: sdemay@vandals.uidaho.edu
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2008); key threats include habitat destruction,

fragmentation, poaching, and conflicts with farmers

and ranchers (Peyton et al. 1998, Kattan et al. 2004,

Rı́os-Uzeda et al. 2005, Goldstein et al. 2008). Given

the potential for serious anthropogenic, ecosystem-

level change across the range of the Andean bear,

information about patterns of resource use and

selection by this species is needed to anticipate

population responses and plan for long-term con-

servation. Although previous studies (Suarez 1988,

Chung 2004) yielded valuable information about diet

composition, they did not provide an ecological

context for the process of resource selection.

Within Podocarpus National Park, P. eryngioides

distribution is patchy, with areas of high density,

analogous to Bailey et al.’s (1996) ‘‘feeding sites.’’

Within feeding sites, some patches are foraged heavily

while others are ignored. This selective foraging

pattern has been observed on Puya sp. elsewhere in

the Andean bears’ range as well (Goldstein and Salas

1993). It is not clear what drives this pattern, although

possible causative variables include plant genetics

(Kimball et al. 1999, Stamp and Bowers 2000), plant

chemistry (nutrition and toxicity; Kimball et al. 1998),

plant community (MacArthur and Pianka 1966, Bailey

et al. 1996, Bee et al. 2009), and abiotic microhabitat

characteristics (Bailey et al. 1996, Mengel et al. 2001).

Our objective was to evaluate the ecological context of

foraged and unforaged P. eryngioides patches to gain

an understanding of factors that might influence patch

selection by foraging Andean bears within P. eryn-

gioides feeding sites.

We conducted the study in Podocarpus National

Park (PNP), which lies on the border between the

Loja and Zamora–Chinchipe provinces in southern

Ecuador. The Cordillera Oriental mountain range of

the Andes runs north to south through the Park and

reaches a maximum elevation of 3,695 m in PNP

(Keating 1999). This region contains páramo eco-

systems, high-elevation grass, and shrublands occur-

ring between the tree-line and snow-line (Sklenář and

Jørgenson 1999, Buytaert et al. 2006). About 60% of

the 5,000 plant species found in the páramo are

endemic (Buytaert et al. 2006). Despite its proximity

to the equator, the PNP páramo is characterized by a

cold, wet, and windy climate.

We conducted our study during May through July

2011 at El Tiro, a ridge in PNP overlooking the city

of Loja to the west (Fig. 1). This site (details on

climate and vegetation in Keating 2000) receives

limited human use, although for centuries before the

national park was created, El Tiro contained a high-

traffic footpath between the cities of Loja and

Zamora, and was frequently burned for grazing

(Keating 2000). El Tiro is an ideal site for this kind

of study because it contains an uncharacteristically

high density and abundance of P. eryngioides

(personal observation), and genetic analysis of hair

samples from the site have indicated that multiple

Andean bears are using the site (Cisneros et al.

2011). We established 3 study sites at El Tiro ranging

from 2,975 m to 3,026 m in elevation and located in

the páramo on ridge tops and east-facing slopes.

Western slopes were sheltered from extreme weather

and as a result were dominated by montane forest.

We selected an equal number of foraged and

unforaged P. eryngioides patches at each of the 3 El

Tiro sites. Site 1, the first and largest site (4.3-km2

area with average elevation of 3,016 m), contained

more P. eryngioides and foraging evidence than sites

2 or 3 (400 m2 and 900 m2, respectively). Conse-

quently, at site 1, we defined a grid on the landscape

of 37 10 x 10-m quadrats (Fig. 2). We mapped the

distribution of foraged and unforaged patches of

P. eryngioides within each quadrat, with ‘‘foraged’’

patches identified by the presence of at least one

P. eryngioides with clear Andean bear bite marks

or systematically detached fronds (Fig. 3). Patches

ranged in size from approximately 0.1 m2 to 4 m2.

We used a random numbers table to select a random

sample of 60 patches (30 foraged and 30 unforaged).

The next 2 study sites were located farther south

along the same ridge at lower average elevations

(3,000 m and 2,985 m, respectively). These sites were

smaller than site 1, with fewer P. eryngioides and less

evidence of foraging. Additionally, foraging ap-

peared to have occurred less recently than at site 1.

Given the lower density of foraging activity apparent

at these sites, we altered our sampling method. We

selected patches by walking transects 10–20 m in

length oriented perpendicularly to the ridge line and

spaced 10–15 m apart, sampling every fifth foraged

and unforaged patch. We sampled 5 foraged and 5

unforaged patches at each of sites 2 and 3. Andean

bears forage on the leaves and hearts of P.

eryngioides, leaving the underground rhizomes in-

tact, but it is unknown how long evidence of

foraging on P. eryngioides remains visible until

plants regenerate. However, the plant’s ability to

regenerate quickly after fire suggests that foraged

plants may again appear unforaged within 1–2 years

post-foraging (Aguirre 2001).
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We used a common data-collection approach

within patches at all 3 sites. At each patch selected

for sampling, we defined a 1.5 x 1.5-m plot using a

frame with a 10 x 10 grid (100 grid cells, each 15 x
15 cm). We centered this frame around the patch if

size permitted, or a central portion of the patch if the

patch exceeded the size of the frame (Rossell et al.

2005).

At each plot, we recorded Global Positioning

System location and aspect. Small differences in

elevation and slope among and within sites were

deemed unlikely to influence foraging behavior, so

these variables were omitted. We visually categorized

microsite topography of each plot as located on a

rise, a hollow, or a flat area. We estimated distance

to canopy cover (plants .1.5 m in height) in 10-m

increments. We took measurements of 2 abiotic soil

characteristics that can influence nutrient uptake and

forage quality (Mengel et al. 2001). We measured

soil depth by piercing the ground to mineral soil with

Fig. 1. Plot distribution at sites 1, 2, and 3 (north to south) at El Tiro in Podocarpus National Park (PNP) in
southern Ecuador, on the border of Loja and Zamora–Chinchipe provinces, during May–July 2011. (PNP map
adapted from Keating 2000).
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a sharp rod and measuring the depth. Soil pH was

measured in the center of each plot with a field soil

pH meter.

We recorded a number of characteristics of the

plant community within each plot. We characterized

cover by recording the number of plot cells

containing each of the following cover types: shrubs,

forbs, grasses, other bromeliad species, carnosas (a

common fleshy rosette plant; genus Paepalanthus),

and bare soil. We visually estimated percent P.

eryngioides cover within each plot using percent

cover categories (0–10, 11–25, 26–50, 51–75, or 76–

100%; Keating 2000). We then estimated percent

P. eryngioides cover within a 5-m radius around

each plot by averaging percent cover along 8 5-m

transects radiating out from each plot (Gregoire and

Valentine 2003) and using the same percentage

categories. We also averaged the distances from

each plot to the 5 nearest foraged patches.

We recorded the abundance and diversity of other

potential food plants both inside plots and within

a 2-m radius surrounding each plot. These other

potential food plants included, but were not limited

to, other species of bromeliads and the stalks and

fruits of the plant families Poaceae, Asteraceae, and

Ericaceae that have been previously identified as

components of Andean bear diets (Suarez 1988,

Goldstein 2000). Rather than counting individual

grass plants, we recorded the frequency of poten-

tially edible rhizomatic grasses inside the plot as the

number of cells in which they occurred and estimated

percent cover of edible grasses in the 2-m-radius

surrounding area using the same percent cover

categories as for P. eryngioides.

Fig. 2. Approximate distribution of foraged and unforaged plots, studied during May–July 2011, at Site 1 at El
Tiro, Podocarpus National Park, southern Ecuador. Quadrats are 10 x 10 m.

Fig. 3. Puya eryngioides in plots studied during
May–July 2011 at El Tiro in Podocarpus National
Park, southern Ecuador. A box is drawn around the
foraged plants, which are surrounded by intact
unforaged plants.
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We collected data from the species of interest (P.

eryngioides) inside each plot. We randomly chose 5

individual plants within each plot and measured the

length of the longest leaf. We collected portions of

the heart of 5 individual plants to analyze sugar

content. The 5 samples from each plot were crushed

together, and a drop of the resulting liquid was

squeezed onto a handheld Brix refractometer to

obtain an average solute content reading for the plot
(Balsom and Lynch 2008, Jiménez et al. 2011).

Because of their proximity, similarity, and the low

sample sizes of sites 2 and 3, data from all 3 study

sites were combined. We calculated the mean and

95% confidence interval for continuous variables for

foraged plots, unforaged plots, and all plots com-

bined to describe the general study area. For

categorical variables, we used Fisher’s exact test in
Program R (R Development Core Team 2014) to test

for differences between foraged and unforaged

patches, using an alpha level of 0.050 for statistical

significance.

We summarized values for 15 numeric variables

measured in randomly selected plots that were

foraged (n 5 40) and unforaged (n 5 40) by Andean

bears across the 3 study sites in PNP (Table 1).

Confidence intervals for foraged and unforaged
plots overlapped for all measured variables. The

categorical variables aspect, microtopography, per-

cent cover of P. eryngioides, and distance to cover

did exhibit different patterns between foraged an

unforaged plots (Fig. 4). There was no difference in
aspect between foraged and unforaged plots (P 5

0.069), although foraging was more frequent on

northeast and southeast facing plots. Most sampled

plots were characterized by a flat microtopography

(n 5 66), and overall microtopography did not differ

between foraged and unforaged plots (P 5 0.095).

Although flat or hollow microtopography did not

differ among foraged and unforaged plots, only 1 of
the 8 plots that were located on a rise had been

foraged.

Foraged plots were characterized by moderate P.

eryngioides cover at both sampled scales (within plot

and within 5-m radius). At both scales, foraging was

highest in the 25–50% P. eryngioides cover range

(74% and 63% of plots were foraged, respectively, for

each scale). Unforaged plots were more uniformly
distributed across P. eryngioides cover categories, and

were more common than foraged plots in patches

with extreme high or low percentages of P. eryngioides

cover. The difference in P. eryngioides cover between

foraged and unforaged plots did not differ (P 5

0.055) at the 5-m scale, and did differ (P 5 0.004) at

the plot scale. Distance to cover did differ between

foraged and unforaged plots (P 5 0.041), but the
pattern was bimodal, with foraged plots more

common than unforaged plots at the lowest (0–10 m)

and highest (.30 m) distance categories.

This study provides the first information about

ecological characteristics of foraging locations for

Table 1. Mean and 95% confidence intervals for numerical variables measured in randomly selected 1.5-m x
1.5-m plots that contained evidence of foraging by Andean bears (n = 40) and in unforaged plots (n = 40).
Values are reported for foraged plots, unforaged plots, and all plots together from the 3 study sites in
Podocarpus National Park in southern Ecuador, May–July 2011.

Variable Foraged plots Unforaged plots All plots

Soil pH 5.3 6 0.1 5.3 6 0.1 5.3 6 0.1

Soil depth (cm) 30.9 6 3.1 35.3 6 3.1 33.1 6 2.3

Mean distance to 5 foraged plots (m) 5.6 6 0.6 7.1 6 1.3 6.3 6 0.7

Shrubs (no. of cells/plot) 57.8 6 6.5 57.8 6 7.6 57.8 6 5.0

Forbs (no. of cells/plot) 4.1 6 1.6 5.0 6 2.0 4.5 6 1.3

Grasses (no. of cells/plot) 56.8 6 4.3 57.8 6 5.8 57.3 6 3.6

Other bromeliads (no. of cells/plot) 1.8 6 1.9 0.8 6 0.7 1.3 6 1.0

Carnosas (no. of cells/plot) 8.5 6 1.5 7.7 6 1.6 8.1 6 1.1

Bare soil (no. of cells/plot) 11.8 6 2.2 15.1 6 2.8 13.5 6 1.8

Food plant diversity (no. species)

Plot 5.9 6 0.6 5.8 6 0.6 5.8 6 0.4

2-m radius 9.0 6 0.7 8.7 6 0.7 8.8 6 0.5

Food plant abundance (no. individuals)

Plot 40.3 6 6.9 42.8 6 8.5 41.6 6 5.4

2-m radius 97.0 6 9.8 101.1 6 14.8 99.1 6 8.8

Mean leaf length (cm) 15.6 6 1.0 15.8 6 1.0 15.7 6 0.7

Sugar content (Brix %) 5.2 6 0.3 5.4 6 0.4 5.3 6 0.2
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Andean bears in southern Ecuador, and it can

provide a context for more in-depth and broad-scale

evaluation of resource selection by this species. We

found evidence that selective foraging behavior on P.

eryngioides in the páramo of Podocarpus National

Park in southern Ecuador might be influenced by

aspect, microtopography, and percent cover of P.

eryngioides at the studied scale.

Local climate and weather patterns at El Tiro

likely contributed to the influence of aspect and

microtopography on foraging behavior. The prevail-

ing winds come from the east and are often strong.

Consequently, east-facing slopes and rises likely

provided less shelter from the elements during

foraging, and might explain the reduced foraging

documented at those plots.

Density of P. eryngioides appeared to influence

foraging decisions by Andean bears. Patches with

the least amount of P. eryngioides were primarily

unforaged. From an optimal foraging perspective,

this could indicate that it is not energetically

profitable for bears to forage at more isolated or

sparse patches (Pyke et al. 1977). As percent cover of

P. eryngioides increased, so did the prevalence of

foraging, which is consistent with a previous study

by Goldstein and Salas (1993) in Venezuela, who

found no significant difference in percent Puya cover

between unforaged and foraged patches when cover

of only post-foraging remnant plants were consid-

ered, suggesting that there is a lower threshold of

percent forage cover at which Andean bears will

abandon or ignore a patch. Other studies of

herbivores also have shown that foraging on a

preferred species is greater in larger patches or at

plant densities past a certain threshold (Edwards

et al. 1994, Focardi et al. 1996, Dumont et al. 2002).

Fig. 4. Frequencies of foraged and unforaged plots summarized for the following variables: aspect,
microtopography, percent cover of Puya eryngioides within plots, and distance to cover. Results are pooled
from 3 study sites in Podocarpus National Park, southern Ecuador, studied during May–July 2011.
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More unexpectedly, at patches with the highest

percent cover of P. eryngioides at both measured

scales, patches were once again more likely to be

unforaged than foraged, possibly due to saturation

of forage resources or our small sample size.

Our results suggest that distance to cover might

influence foraging decisions at this scale as well.

Plots were more likely to be foraged when they were

either ,10 m or .30 m from cover, with unforaged

plots more common at intermediate distances from

cover. Andean bears do not have natural predators,

and are largely solitary, so they do not depend on

cover to avoid predators or conspecifics. They do,

however, avoid human presence and activities.

Peyton (1987a, b) reported that Andean bear sign

was found .100 m from cover in areas with no

human activity compared with ,45 m in areas with

human presences. Additionally, they found signs of

human presence in 21% of páramo sites with bear

sign, compared with 90% of sites with no bear sign.

This suggests that in areas with more human activity,

distance to cover is an important factor influencing

bear presence and foraging, but this habitat charac-

teristic is likely less influential where humans are not

present. El Tiro is largely devoid of human presence

except for research activities and occasional hikers,

but it is not known what levels of human activity

influence bear behavior. The bimodal pattern that

we detected might have represented 2 different

foraging strategies and levels of cautiousness, or

might be due to some other unmeasured variable.

Bears are not very efficient at digesting high-fiber

plant matter (Pritchard and Robbins 1990), so

nutritive content of bromeliads could be a strong

force driving selection when they make up such a

large portion of the Andean bear’s diet. We did not

detect a difference in sugar content between foraged

and unforaged plots, but there are multiple macro-

and micronutrients that contribute to the nutritive

quality of a food source. Additionally, the sugar

content that we measured during our study might

not have been representative of the sugar content

when bears were foraging. There was no difference in

soil pH or depth, which can influence nutrient

availability and uptake. At El Tiro, bears targeted

neither large plants (which would provide more food

for the amount of effort expended) nor younger

plants (which might be more easily digestible).

Future studies might examine how plant genetics,

toxicity, and nutrients other than sugar influence

foraging decisions. In addition to finding no

influence of individual plant metrics, the plant

community surrounding P. eryngioides patches did

not differ between foraged and unforaged plots, and

bears did not target patches with relatively high

diversity or abundance of other edible plants.

Because of the restricted geographic scope of this

preliminary study, it is likely that the foraging

evidence we observed at El Tiro was produced by a

small number of individual bears. Genetic analysis

of hair collected at El Tiro during summer 2006

identified 3 individuals at the site, with a fourth

individual detected 3 km south (Cisneros et al. 2011).

An additional study by R. Cisneros (in preparation),

using genetic sampling coupled with camera traps,

has detected 5–6 individuals in an area of 5 km2 in a

12-month period at a site 3 km south of El Tiro,

further indicating that multiple bears are using these

areas. Estimated home ranges for male and female

Andean bears in northern Ecuador were 59 km2 and

15 km2 (annual), and approximately half that size

seasonally (Castellanos 2011). Home ranges did

exhibit some overlap both inter- and intra-sexually,

and Andean bears are thought to be non-territorial

(Castellanos 2011). Although El Tiro seems to lie

within the home ranges of multiple individuals, an

expanded study covering a wider geographic range

will be needed to more conclusively identify vari-

ables, and interactions among variables, that influ-

ence how bears select patches within feeding sites,

and how bears select feeding sites within their home

ranges. Answering these broader scale questions can

inform conservation efforts as they seek to identify

those characteristics indicative of high-quality An-

dean bear habitat at a larger scale across the species’

increasingly fragmented and changing range.
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CISNEROS, R., J. ARMIJOS, C.A. NARVÁEZ, A. ONTANEDA, AND
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GONZÁLEZ-MIRET, F.J. HEREDIA, AND C. OSORIO. 2011.

Physicochemical characterization of gulupa (Passiflora

edulis Sims. fo edulis) fruit from Colombia during the

ripening. Food Research International 44:1912–1918.
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