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Abstract
We compared the use of artificial food patches (giving-up density GUD technique) by smallgranivorous mammals between forest interior and forest-pasture edge, strata (ground and
understory), and across different moon illumination occurrence in a small, oak forest fragment in the Colombian Andes. Foraging costs for small mammals were higher near the edge
than in the interior on the ground, but not at the understory. Small mammals preferred
foraging on the ground than at the understory. Moon illumination had no effect. Our results
indicate that forest destruction and its associated edge effect may reduce the area available
for small mammals, consequently may affect the biotic interactions and the dynamics of
Andean forest remnants, and this effect is modulated by the forest’s vertical heterogeneity.
Therefore, the use of behavioral indicators such as the food patch use, measured with the
GUD technique, is an effective method to measure responses of Andean small granivorous
mammals to human alterations.
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USO DEL COMPORTAMIENTO DE FORRAJEO PARA DETECTAR
EFECTOS DE BORDE: UN ESTUDIO DE CASO CON MAMÍFEROS
ANDINOS COLOMBIANOS
Resumen
Comparamos el uso de parches artificiales (técnica de densidades de abandono DDA) por
pequeños mamíferos granívoros en el interior del bosque y el borde bosque-pastizal, estrato
(suelo y sotobosque), en diferentes niveles de iluminación de la luna, en un pequeño fragmento de bosque de roble en los Andes colombianos. Los costos de forrajeo para los pequeños
mamíferos fueron mayores cerca al borde que en el interior en el suelo, pero no en el sotobosque. Los pequeños mamíferos prefirieron forrajear en el suelo que en el sotobosque. La
iluminación de la luna no tuvo efecto. Nuestros resultados indican que la destrucción del
bosque y su asociado efecto de borde, reduce el área disponible para los pequeños mamíferos,
consecuentemente puede afectar las interacciones bióticas y la dinámica de los remanentes
de bosques andinos, y sus efectos son modulados por la heterogeneidad vertical del bosque.
Por lo tanto, el uso de indicadores comportamentales como el uso de parches alimentarios,
medidos con la técnica de DDA, es un método efectivo para medir las respuestas de los
mamíferos granívoros andinos ante las alteraciones humanas.
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INTRODUCTION

F

orest destruction and fragmentation usually imply replacing complex native
forests with simpler ecosystems, and have been recognized as one of the main
threats to wildlife in the Neotropics (WHITMORE & SAYER, 1992; MURCIA,
1995). Indeed, forest destruction and fragmentation are common forms of habitat
degradation in Latin America, causing isolation amongst forest patches (PRIMACK,
2006), reducing core habitat availability and also increasing edge surface (EWERS &
DIDHAM, 2007). In Colombia, high rates of forest destruction are mainly associated
with agricultural activities; urban development and the exploitation of mineral
resources, and some of the most threatened ecosystems are the Andean forests
(KATTAN & ÁLVAREZ-LÓPEZ, 1996; ARMENTERAS et al., 2003). Indeed, CHAVES
& ARANGO (1998) recognized that accumulated deforestation on Colombian
mountains was around 73-90% at the end of the 20th century, and in particular,
oak (Quercus humdoldtii) forests have suffered a considerable reduction in area
and have been fragmented mainly due to the expansion of rural areas (SOLANO &
VARGAS, 2006). Thus, since human-caused forest destruction and fragmentation
are serious threats to the preservation of biological diversity in Colombia, and since
these processes bring along the increase of anthropogenic edges, understanding
edge effects or edge dynamics is important in order to design strategies to manage
and monitor biodiversity in fragmented landscapes.

An ecological edge may be defined as the frontier between habitats that differ in
quality (STRAYER et al., 2003), and therefore ecological processes near the edge
generally differ from those at the core of the patch (DONOVAN et al., 1997). Edge
effects are the result of the interaction between two adjacent patches separated by
an abrupt transition that affects the performance of individuals (LIDICKER, 1999).
These effects may be due to abiotic changes in the environment, e.g., illumination,
air and soil temperature and/or caused by cover or vegetation structure changes or
modifications in interspecific relationships associated to the ecological flow through
the edge (MURCIA, 1995; FAGAN et al., 1999; CADENASSO et al., 2003). In small
mammals, edge effects may affect species composition, abundance, habitat use,
movement patterns or foraging behavior (MILLS, 1995; LIDICKER, 1999; ANDERSON
& BOUTIN, 2002; RIES & SISK, 2004). However, different mammals may not react
similarly to edges, in fact, edge effects may depend on species, and even individual
characteristics such as sex and age (LIDICKER, 1999). For example, female voles
Microtus canicaudus seem to prefer forest interior to borders, although the pattern
of use of forest patch may vary with age (LIDICKER & PETERSON, 1999). In contrast,
young red squirrels Tamiasciurus hudsonicus had higher survival rates at the edge
than at the interior of a forest probably due to differences in food availability
between habitats (ANDERSON & BOUTIN, 2002). HESKE (1995) reported no changes
in the activity or abundance of small mammals between forest-farm edge and forest
interiors in southern Illinois, USA. Compared to temperate zones, little is known
about how forest edges may affect Neotropical mammals. In two Atlantic forest
remnants in Brazil, species richness and diversity of small mammals decreased
from the interior toward an edge with open areas dominated by grasses (STEVENS
& HUSBAND, 1998). Also, experiments designed to examine possible edge effects
on seed and nest predation probably by mammals show opposite trends (BURKEY,
1993; LÓPEZ-BARRERA et al., 2005), seed predation appears to decrease closer to
the edge, whereas nest predation seems to have the opposite tendency (BURKEY,
1993; ESTRADA et al., 2002). In Colombia, OTÁLORA-ARDILA & LÓPEZ-ARÉVALO

112

Ginna Narváez y Francisco Sánchez

(2006) worked at an oak forest on the Eastern Cordillera of Colombia and found
that bat species richness increased from the center of forest patches toward the
edge and surrounding matrix.
In this study, we apply and advocate for the use of foraging behavior to study
possible edge effects on Colombian, Andean terrestrial mammals. This is because
reactions toward edges may depend on the perceptions animals have about the
possible transition between habitats, and that perception should be reflected in
their foraging decisions. Therefore, behavioral indicators should be useful tools for
the conservation of mammals, more when studies that involve capturing wildlife
in Colombia have become almost prohibited by current legislation (FERNÁNDEZ,
2011). Indeed, behaviors should be tightly linked to the individual’s fitness, and
because behaviors may change more quickly than for example population size,
species composition or species diversity in response to environmental changes
(LINDELL, 2008; MORRIS et al., 2009). Thus, different behaviors may be used as
reliable indicators, that can be measured relatively easily, and that may even be used
to forecast animal responses. In addition, the study of mammal behavior has a large
body of theory and models to interpret the results. For example, theory on optimal
patch use can be used to examine responses toward environmental changes, and
we took advantage of this theory to examine the possible perceived edge effects
by small mammals in an Andean forest fragment in the south-west of Colombia.
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According to this theory, foragers should continue using a food patch until the
benefits associated with feeding from it are greater than or equal to the costs
associated with its exploitation (BROWN, 1988). On one hand, foraging costs include
metabolic costs associated to the energy used exploiting the patch, the costs derived
from the perceived risk of predation, and also missed opportunity costs. On the
other hand, the benefits derive from the food obtained, expressed as harvest rates.
Brown’s model is an extension of Charnov’s marginal value theorem that assumes
that the forager experiences diminishing returns while foraging, and therefore the
harvest rate depends on the amount of food at the food patch (CHARNOV, 1976).
Thus, in a food patch with diminishing returns, the harvest rate at which the forager
leaves the patch is related to the amount of food left by a forager after exploiting
a patch, the giving-up density (GUD), and it therefore estimates the marginal value
(MV) of the patch for the forager (BROWN, 1992).
According to the model, the more food left at the patch, i.e., the higher the GUD,
the lower the MV. Also, the model predicts that two food patches with the same
costs and benefits should be exploited by a forager to the same quitting harvest
rate, i.e., they will have the same GUD. Therefore, this model can be used to examine
how a particular background or habitat affects foraging behavior. For example, the
model has been successfully applied to compare the foraging behavior of mule
deer Odocoileus hemionus in forest interiors, edges and open areas, while feeding
under the risk of being depredated by mountain lions Puma concolor (ALTENDORF
et al., 2001). The theory has also been used to study the effect of environmental
factors such us moon phase, air temperature and relative humidity on the foraging
behavior of desert gerbils (KOTLER et al., 1993). For example, KOTLER et al. (1993)
found that the brighter the moon was, the lower the marginal value of food patches
to the gerbils, probably because they were more exposed to predators. Thus, we
used Brown’s model to answer the following questions about the foraging decisions
of small mammals at a small, Andean, oak forest fragment: 1) do small mammals
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perceive the edge and interior of the forest remnant as different habitats?, i.e., will
their foraging behavior differ between the two sites?; 2) are there differences in
the use of food patches located at the ground level and understory?; and 3) does
moon illumination affect the foraging behavior of small mammals?

MATERIALS AND METHODS
Study site and species
We studied the foraging behavior of small mammals at a forest fragment between
April and July 2007 at the Chimayoy Environmental Park, located 4 km from
the Pan-American Highway and north of the city of Pasto, Department of Nariño
(1º31’17.9” N; 77º05’25.9” W). The fragment was approximately 223565 m2, located
between 2670 and 2950 m alt., and surrounded by abandoned pastures, Andean
secondary forest, subpáramo (transition ecosystem between Andean forest and
paramo), pine (Pinus sp.) plantations, and secondary forest with selective logging.
At the core of the fragment, the forest had three strata: herbaceous stratum up
to 0.5 m, understory (2-8 m), and arboreal stratum (20-30 m). Oak trees of 15-22
m were abundant, and there were also trees of Clusia multiflora, Weinmannia sp.,
Freziera canescens, and Hyeronima macrocarpa. The selected edge for the study was
the one with the highest contrast between vegetation covers, i.e., the limit between
forest and abandoned pastures, because this edge is common in the landscape
of the region due to agricultural activities. At the edge, herbs and shrubs were
considerably more abundant than in the interior of the forest.
There have been no studies to determine species composition or abundance of
mammals in the study area. Therefore, we did a short survey to have an idea of the
composition of mammals and their relative abundance. We also used this survey
to record footprints of the individuals captured, and to compare them with those
obtained at feeding stations. We used 32 Sherman and 6 pitfall traps (50-cm deep
buckets) for 16 nights; corn seeds were used as bait. Half the traps were placed
at the interior of the forest, 100 m from the end of the forest vegetation (LÓPEZBARRERA et al., 2005), and half near the edge, 10 m from the end of the forest
vegetation. The transect in the interior was located at approximately the center of
the oak forest fragment. At both the interior and near the edge of the forest, half
of the Sherman traps (8) where placed on the ground and half (8) in the understory,
at heights of 2-4 m up on the trees. Adjacent traps were separated by 30-40 m,
and their position, ground or understory, was alternated. Two of the captured
animals of each species were prepared as collection specimens and were placed
at the Museum PSO of Universidad de Nariño.

The foraging behavior of granivorous small mammals
We placed feeding stations both in the interior and the forest edge transects. Each
transect consisted of 8 feeding stations: 4 on the ground and 4 in the understory,
i.e., 2-4 m on an oak tree. Along a transect, the position of stations, ground or
understory, was alternated, and there were 30-40 m between adjacent stations,
i.e., each transect was ~280 m long. The feeding stations were plastic trays (28 ×
14 × 6 cm) containing 3 L of sifted sand mixed with 3 g of popcorn grains (20-22
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grains). Stations were protected from the rain with a plastic roof, and after a night
of experiments, the sand from the stations was replaced with dry sand the next day
to ensure that the foraging surface was not affected by changes in humidity. We
chose popcorn grains after making preliminary trials during a habituation period
with peanuts and birdseeds.
During 13 days we habituated small mammals to visit the feeding stations that
contained sand mixed with earth from the forest and vanilla essence. After the
habituation period all stations were visited by small mammals. During 30 days
following the habitation we recorded GUDs, i.e., the mass of popcorn grains left at
the stations after a night of foraging (BROWN, 1988). Thus, the total sampling effort
was 16 stations × 30 nights. Feeding stations were prepared and set before sunset,
ca. 1830-1900 h, and examined after sunrise, ca. 0530-0600 h. The preparation
of stations included mixing the grains with the sand, and smoothing the surface
to record footprints. During the measurements of foraging, we only used sand as
non-edible substrate. The examination of the stations included first registering
the tracks on the sand and then sifting the sand to remove the grains left. The
grains retrieved from every station were kept in sealed plastic bags, marked with
the number of the station, date, stratum (ground or understory) and site (edge or
interior), and then weighted to obtain the GUD. We obtained percentage of moon
illumination from the site www.timeanddate.com.

Statistical analysis
To examine the data, we used a general linear model where averaged GUD of the
stations of a site per day entered as the dependent variable, whereas site and
stratum were used as fixed factors, and percentage of moon illuminated was used
as a covariate (ZAR, 1999). We used averaged GUD to prevent possible lack of
independence among stations from the same transect. We used a simplification
model technique (WILSON & HARDY, 2002) to work with a model containing only
significant predictors, and used Tukey tests as a multiple comparisons procedure.
We performed graphical analyses of residuals and found no deviations from the
assumptions of normality and homogeneity of variance. We chose α = 0.05 as the
significance level to evaluate statistical hypotheses.
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RESULTS
Mammals at the study site
We captured with Sherman traps 5 montane colilargos Microryzomys minutus
(Cricetidae, Rodentia) and 3 Mexican harvest mice Reithrodontomys mexicanus
(Cricetidae, Rodentia); footprints on the sand of these two rodent species could
not be told apart. Two M. minutus were captured at the edge-ground of the forest,
whereas at the interior, 1 individual was captured on the ground and 2 were found
in the understory. The R. mexicanus were only captured in the interior of the forest;
1 on the ground and 2 in the understory. Summing up, we captured 2 mice near
the edge, 6 in the interior, 4 on the ground, and 4 at the understory. We captured
no mammals with pitfall traps.
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In addition, during our work we found a shrew Cryptotis sp. (Soricidae, Soricomorpha)
dead at the forest edge. In the area we also observed the red-tailed squirrel Sciurus
granatensis (Sciuridae, Rodentia), and a peasant captured a bare-tailed woolly mouse
opossum Micoureus regina (Didelphidae, Didelphimorphia). We also observed local
people who hunted red brockets Mazama rufina (Cervidae, Cetartiodactyla) and
mountain pacas Cuniculus taczanowskii (Cuniculidae, Rodentia) in the vicinity of
Chimayoy, about 10-20 km from the Park. Thus, in total we recorded six species
of mammals for Chimayoy and its surroundings.

Foraging behavior of small mammals
Feeding stations were mainly visited by mice, but we also found stations with
marsupial footprints that matched those of M. regina. Since footprints left at most
stations could not be assigned to any of the possible species in the area and there
were stations in which it was not possible to determine the last forager, GUDs were
classified broadly as small mammal.
The simplified statistical model did not contain as significant factors the independent
effects of site or moon illumination, or moon illumination in interaction with site
or stratum (All P > 0.05). The only significant effects were those of stratum (Mean
squares [MS] = 5.51, F1,116 = 51.79, P < 0.001) and site×stratum (MS = 0.85, F2,116 =
8.03, P < 0.001). Tukey tests showed that both at the interior and the edge of the
forest, the GUD’s were lower on the ground than at the understory (P < 0.05), i.e.,
they were treated them as different microhabitats (Figure 1). In addition, Tukey
tests also showed that at the ground stratum, small mammals perceived edge and
interior of the forest as different habitats, and preferred the interior (P < 0.05),
whereas at the understory they did not perceive this effect (Figure 1). We interpret
these results as an indication that small mammals perceived an edge effect, but
this effect was modulated by the forest stratum.

Figura 1.

Marginal value (MV) of food patches, estimated by giving-up densities (GUD), for
small mammals in an oak forest remnant foraging at the interior and edge of the forest,
and at two forest strata (ground and understory). The MV of patches on the ground
decreased from the interior to the edge of the forest, the MV of patches at the understory
did not change relative to the edge, and the MV of patches decreased from the ground
to the understory. Bars represent average ± 1 standard deviation; different letters above
the bars denote significant differences (Tukey test, P < 0.05).
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DISCUSSION
Mammals at the study site
At the interior of the forest, M. minutus, R. mexicanus, and M. regina (tracks) were
present both on the ground and the understory. Both M. regina and R. mexicanus are
known to have arboreal habits and to feed upon seeds (EISENBERG, 1989; EMMONS,
1997; REID, 2009), whereas M. minutus is known to be mainly a ground-dwelling
species that on the ground finds refuge, and forages on Renealmia sp. and palm
seeds (Voss 1979, field notes cited in CARLETON & MUSSER, 1989; EISENBERG,
1989; DÍAZ DE PASCUAL, 1994). Thus, our preliminary results may suggest that
at Chimayoy M. minutus is more arboreal than in other areas of its distribution.
Another possibility is that, since feeding trays are more sensitive to measuring
microhabitat use than are traps, in the previous studies could not be detected that
M. mimulus regularly forages on trees. Also, although Cryptotis was registered
in the study site, and other species of shrews have been captured in traps with
corn on the Andes (SÁNCHEZ & ALVEAR, 2003), it is unlikely that shrews would
be regular visitors of the stations given their predominantly invertebrate-feeding
habits (EISENBERG, 1989; DÍAZ DE PASCUAL & DE ASCENÇAO, 2000).

Foraging behavior of small mammals
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Our results indicate that small mammals perceived differences at two levels:
microhabitat and habitat. At the microhabitat level, food patches on the ground
had a higher marginal value than those at the understory level. At the habitat level,
small mammals perceived an edge effect, and GUD’s were lower in the interior
than near the edge, but only at the ground level. Thus, horizontal and vertical
heterogeneity of the forest patch affected food patch use by small mammals of
small granivorous mammals in Chimayoy. Likewise, the results derived from the
trapping are preliminary, but they complement the results about foraging behavior.
We captured more rodents in the interior than at the edge of the forest, and we
did not capture R. mexicanus near the forest edge. These results also suggest an
edge effect, that probably affects more strongly R. mexicanus than M. minutus, but
given the limited data set we cannot examine whether the abundance of rodents is
also modulated by the interaction between horizontal and vertical heterogeneity
of the patch.
To our knowledge, there have been no attempts to examine the possible join effects
of edge and stratum on small Neotropical mammals. Nevertheless, the edge effect
we found at the ground level is in general agreement with the reduction in species
diversity and abundance found for small mammals in Atlantic forest remnants
(STEVENS & HUSBAND, 1998). However, in a Neotropical area in Mexico, small
mammals were more frequently captured near a forest-farm edge than in the
forest interior (ESTRADA et al., 2002). Also in the same study, medium-sized and
potential mammal predators were more frequently observed near the forest edge
than in the interior of the forest. Hence, there seems to be different responses
to forest edges by small Neotropical mammals, and it is likely that the response
depends on the particular context of the site, including degree of fragmentation,
altitude, and/or group of species present.
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Nest predation experiments for several Neotropical sites suggest that predators
are more efficient around the forest edges than in the interior (BURKEY, 1993;
ESTRADA et al., 2002). Also, GUD’s are usually associated to the perceived risk of
predation or perception of security by foragers (KOTLER et al., 1994; ALTENDORF et
al., 2001), since predation cost may be the most important cost of foraging (BROWN,
2000). Thus, the edge effect perceived by small mammals at Chimayoy may be a
response toward an increased risk of predation reaching the forest border. Several
species of Canidae, Felidae and Mustelidae have been reported for the mountains
of the Nariño department, but unfortunately there is no information about their
distribution in fragmented areas or detailed information about their feeding ecology
to verify whether they are responsible for the observed edge effect.
The pattern of patch use observed through strata is similar to that of raccoons
(Procyon lotor), which have higher GUD’s while going higher on trees and this could
be caused for an increased cost/benefit ratio of exploiting a patch derived from a
higher risk of harm due to falling while trying to avoid predators or competitors
(LIC, 2001). Cercopithecus monkeys also have higher GUD while exploiting fruit
higher of the tree’s crowns, and this may be due to an increased risk of being
predated by carnivorous birds or to an associated risk to fall (HOULE et al., 2006).
Also, it has been shown in red foxes that their patch use is affected by the risk
of being injured (BERGER-TAL et al., 2009). Thus, the perceived risk of predation
and the risk of an injury while foraging on the tree may be explaining the effect of
vertical heterogeneity on the foraging behavior of small mammals.
Small mammals play important roles in the dynamics of tropical forests, since
they are prey for multiple predators, as well as predators of nests, seeds, seedlings
and invertebrates, and they may also disperse seeds and spores (FLEMING &
SOSA, 1994; PÉREZ-HERNÁNDEZ et al., 1994; ASQUITH et al., 1997; ABRANCHES
et al., 1998). For instance, in tropical oak forests small mammals feed upon oak
acorns during years of high productivity affecting germination patterns (LÓPEZBARRERA & MANSON, 2006). Also, seedling predation by rabbits and rodents is
an important cause of mortality for some plant species from oak forests (BONFIL,
2006). Our results show that the cost/benefit ratio of foraging increases from the
interior toward the edge, and therefore, the strength of biotic interactions of small
mammals should consequently decrease approaching the forest edge. Thus, one
could expect that, since most small mammals visiting the stations were rodents,
seed and seedling predators will have diminishing importance from the interior
to the edge of the forest, as has been found in other Neotropical forests (BURKEY,
1993; LÓPEZ-BARRERA et al., 2005). Hence, forest edges may create enemy free
zones (SCHMIDT, 2004), that should favor seeds and seedlings survival leading
to higher forest regeneration and may help forests to recover more quickly from
fragmentation. Thus, the study of the foraging behavior of one or few species
important for the ecosystem function, such as the small mammals, can be important
(sometimes more than just lists of presence/absence of species) if for example
attempts of restoration or to increase patch connectivity are desired (LINDELL,
2008; MORRIS et al., 2009).
We showed that forest destruction and its resulting increase in edge surface may
reduce the effective area available for small mammals, consequently may affect
their biotic interactions, and therefore the dynamics of Andean forest remnants.
Hence, we advocate for the use of behavioral indicators such as the food patch use
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measured with the GUD technique, that is a cost-effective method to study responses
of Andean small mammals to human alterations. This technique allows examining
how habitat quality changes along landscapes, and also if desired, experiments
could be set to examine the effect of particular foraging costs, to identify resources
which are critical for organisms or to examine the organization of communities
(KOTLER & BLAUSTEIN, 1995; BROWN et al., 1997; BROWN, 1999; SCHMIDT, 2000).
For example, these behavioral indicators could be used to compare the magnitude
of the effect of different edges or to examine areas suitable for corridors, and
therefore to give criteria to decide where more resources should be allocated for
conservation purposes.
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