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Effects of predation risk on space use by small mammals: a field
experiment with a Neotropical rodent
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Effects of predation risk on space use by small mammals: a field experiment with a
Neotropical rodent. — Oikos 74: 259-264

Predation is often implicated as the most important factor determining differential
microhabitat use by small mammals, particularly in desert ecosystems. This general-
ization, however, is based primarily on observational and correlational approaches and
only a few field experimental studies. In a large-scale, long-term experimental manip-
ulation of predators in semiarid north-central Chile, we studied the effects of excluding
vertebrate predators on the space use of a small mammal species. We used three
different techniques to determine space use under and away from shrubs by the diurnal,
herbivorous rodent Octodon degus. These included smoked tiles, fluorescent pigment
tracking, and tabulation of numbers of runways among shrubs. Results show that O.
degus used spaces away from shrubs more often, made more (and less straight)
runways between shrubs and had smaller daily home ranges in grids where predators
were excluded. Thus, besides the well known predator effects of density depression and
survival reduction of their prey, our study demonstrates experimentally that prey
respond behaviorally to perceived predation risks.

V. O. Lagos, L. C. Contreras and J. R. Gutiérrez, Departamento de Biologia, Uni-
versidad de La Serena, Casilla 599, La Serena, Chile. — P. L. Meserve, Dept of
Biological Sciences, Northern Illinois Univ., DeKalb, IL, 60115, USA. — F. M. Jaksic,
Departamento de Ecologia, Pontificia Universidad Catolica de Chile, Casilla 114-D,
Santiago, Chile.

There is considerable empirical support indicating that
small mammals preferentially use certain microhabitats,
especially in desert ecosystems (e.g., Rosenzweig 1973,
Price 1978, Thompson 1982, Kotler and Brown 1988).
However, the presumable causes of differential space use
have only recently been studied (Schroder 1987 and ref-
erences therein, Brown 1992, Brown et al. 1992, Cassini
and Galante 1992, Kotler et al. 1992). Hypotheses ex-
plaining how this phenomenon may have evolved con-
sider factors such as predation risk, food distribution,
vegetation structure, body size, and locomotion mode
(Reichman and Oberstein 1977, Price 1983, Kotler 1984,
Kotler and Brown 1988, Simonetti 1989, Desy et al.
1990, Longland and Price 1991, Brown 1992). Of these,
predation has been suggested as the major factor influen-
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cing space use, yet relatively few experimental studies
have been conducted in the field to evaluate its effect (Sih
et al. 1985).

Predation may influence population abundance and
age/size structure by removing individual prey and/or by
affecting prey behavior (Brown et al. 1988, Kotler et al.
1991, 1992, Brown 1992). Behavioral responses of prey
include different spatial and temporal use of microhab-
itats, to reduce predation risk and/or maximize the differ-
ence between benefits and costs associated with the use
of available patches (Lima et al. 1985, Brown et al. 1988,
Kotler et al. 1992). Studies of predation effects on small
mammals have ranged from correlational approaches re-
lating changes in predator and prey numbers (e.g., Pear-
son 1964, Fitzgerald 1977, Erlinge et al. 1983, Pech et al.
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1992) to experiments in small aviaries or enclosures con-
trolling factors such as light imenéity, vegetation cover,
food distribution, prey size, and prey density (Kotler
1984, Podolsky and Price 1990, Brillhart and Kaufman
1991, Kotler et al. 1991). Other studies have assessed the
behavioral responses of small mammals to introduced
predators in enclosures (Brown et al. 1988, Kotler et al.
1988). Few studies have evaluated the effect of predation
on prey behavior by excluding predators under natural
conditions (Desy and Batzli 1989, Newsome et al. 1989,
Desy et al. 1990), and none has assessed its effect on prey
microhabitat use under these conditions.

In arid mediterranean ecosystems of central Chile, the
landscape is composed of a mosaic of patches of ever-
green shrubs structurally varied at a broad spatial scale
(Fuentes et al. 1984). In this type of environment, small
mammals may potentially specialize in the use of differ-
ent microhabitats (e.g., underneath or away from shrubs),
thus enabling their coexistence by avoiding direct in-
terference. However, except for the herbivorous subterra-
nean rodent Spalacopus cyanus (Contreras et al. 1993),
there are no native small mammals specialized in the use
of open habitats. The activity of most species occurs
mainly underneath shrub canopies and near potential
shelters, such as crevices and burrows (Glanz 1977, Me-
serve 1981, Jaksic 1986). Studies of factors determining
the differential use of microhabitats in this geographic
area have been mostly descriptive and inferential (see
review of Jaksic and Simonetti 1987). Nevertheless, all of
them attribute an important role of predation.

Octodon degus (Octodontidae), henceforth degu, is
one of the most conspicuous and common components of
small mammal assemblages in mediterranean Chile, and
has been well studied (e.g., Woods and Boraker 1975,
Meserve et al. 1984). The degu is a 184 + 9 g (SD)
diurnal herbivorous rodent, that builds burrows in
shrubby patches and generates conspicuous runways by
frequently moving between neighboring shrubs (Yaiiez
and Jaksic 1978). The intensive use of spaces under and
around shrubs by degus has been determined by direct
observation as well as by noting their foraging effect on
annual vegetation around shrubs (Yaiiez and Jaksic 1978,
Jaksic 1986). The degu is among the most common prey
items in the diets of local predators in this ecosystem
(Jaksic et al. 1981, 1993, Jaksic 1986). In apparent re-
sponse to predation risk the degu constrains its activities
close to potential shelters, and moves quickly between
neighboring shrubs in straight lines in an apparent effort
to minimize transit distance and time spent in open areas
(Yaiiez and Jaksic 1978, Jaksic 1986).

The aim of this paper is to investigate in further detail
the effects of predation on microhabitat use by degus,
using three different techniques to quantify spatial use in
two field experimental conditions: large experimental en-
closures with and without predators. If predation is an
important factor influencing restricted space use by de-
gus, then we should observe a number of interrelated
effects, including changes in microhabitat use, in daily
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home ranges, and in number and geometry of degu run-
ways as responses to the absence of predation.

Methods
Study site

The study area is located in Fray Jorge National Park
(30°38’S, 71°40°'W), 400 km north of Santiago, Chile.
The park is near the Pacific coastline, and comprises
10000 ha of arid mediterranean thorn-scrub vegetation,
and some remnants of fog forest at higher elevations
along the coastal range (Meserve and Le Boulengé 1987).
Mean annual precipitation is 85 mm, and occurs mostly
(90%) during the austral winter (May-September). Sum-
mer is warm and dry, although frequent fog contributes to
high relative humidity. Work took place from June 1991
to May 1992 in “Quebrada de las Vacas”, a broad valley
with relatively homogenous vegetation, dominated by
drought-deciduous and evergreen shrubs including Por-
lieria chilensis, Adesmia bedwellii, and Proustia pungens
(Gutiérrez et al. 1993). Besides degus, the small mammal
assemblage included the sigmodontine rodents Abrothrix
olivaceus (olivaceous field mouse), Abrothrix longipilis
(long-haired field mouse), and Phyllotis darwini (leaf-
eared mouse). Other species such as Oligoryzomys longi-
caudatus (long-tailed rice rat), Octodon lunatus (coastal
degu), Abrocoma bennetti (chinchilla rat), Chelemys
megalonyx (mole-mouse), and Thylamys elegans (mouse
opossum) were rare and/or highly localized (Meserve and
Le Boulengé 1987). The commonest predators were the
culpeo fox Pseudalopex culpaeus and the owls Athene
cunicularia, Bubo virginianus and Tyto alba (Jaksic et al.
1993).

Experimental design

This work is part of a large scale long-term experimental
study to evaluate the role of biotic interactions, including
predation, competition, and herbivory in this ecosystem
(for further details see Meserve et al. 1993a). Four 75 x
75 m (0.56 ha) experimental grids allowing access to all
small mammals and predators served as controls; they
were surrounded by 1.0 m high chicken wire fencing, of
which 40 cm was buried in the ground and with enlarge-
ments of 2.5 cm mesh cut in the chicken wire (yielding an
approximately 5 cm diameter hole) at ground level every
2 m (total = 159 five-cm holes for each grid). The five-cm
diameter holes in the fencing allowed free movement of
degus through the holes at ground level in both treatments
(see following). Foxes were able to jump the short fenc-
ing, and were regularly seen inside the control grids. Four
other experimental grids of equal dimensions allowed
access to all small mammals but excluded foxes and
raptors by using high (1.8 m high) fencing buried 40 cm
and a ca 10-cm diameter mesh polyethylene netting sus-
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Fig. 1. Number of smoked tiles underneath shrubs and in open
areas, with tracks of Octodon degus in predator-open (control)
and predator-exclusion grids. P’s are probability values of X?
goodness-of-fit tests.

pended overhead. Experimental and control grids were
randomly distributed in a ca 50-ha area, separated by
about 200 m from each other (Meserve et al. 1993a).

Shrub cover and distances between shrubs were mea-
sured in all grids to assess possible differences among
them. Shrub cover was estimated by the point-intercept
method (Mueller-Dombois and Ellenberg 1974) along
four parallel lines spaced 15 m apart in each grid. Dis-
tance between shrubs was measured along the same par-
allel lines.

Three techniques were used to evaluate space use by
degus in grids with and without predators. (a) The fre-
quency of space use underneath and away from shrubs
was estimated by recording the presence of degu tracks
on smoked tiles (Justice 1961). Formica tiles 25 x 25 cm
in size were smoked on the glossy side, and placed in
three pairs of grids with and without predators for two
days/month from June 1991 to May 1992. Five stations
were permanently positioned about 20 m apart along a
diagonal line connecting two opposing corners of each
grid. Each station had two tiles, one under and one away
from a shrub, yielding a total of 60 tile-days/month under
(30) and away from (30) shrubs in each treatment (with
and without predators). A total of 720 tile-days under-
neath (360) and away from (360) shrubs were examined
for each treatment during the study period. Tiles away
from shrubs were located midway between a shrub with a
smoked tile and the nearest neighboring shrub. The dis-
tance from the canopy’s edge to these tiles varied from
0.5t0 1.4 m (X =0.9 £ 0.2 SD). Tiles were checked twice
daily for tracks, in early morning and late afternoon, and
all results pooled because there were no differences be-
tween periods. Tiles with tracks were replaced with new
smoked tiles during each inspection. If degus reduce
predation risk by staying under or close to shelters, we
expected that in predator-exclusion grids there would be
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relatively more tracks in tiles placed in open spaces than
in predator-open grids.

(b) From May 1991 to June 1992, 48 different adult
degus (> 90 g) were live-trapped early in the evening,
marked with differently colored fluorescent pigment the
following morning from 08.00 to 11.00, and then released
in the same spots where they had been captured. Twoh
after dusk of the same day, trails left by marked individu-
als were recorded by activating fluorescent pigments with
a U.V. lamp (Lemen and Freeman 1985, McShea and
Gilles 1992). For each animal, the number and length of
segments traversed along trails in the open was recorded.
The sum of these segments yielded the total length of
trails traversed in the open. Trails with total lengths less
than 1.5 m were omitted from analysis. The daily home
range of degus was estimated as a circle with a radius
equal to the mean length of eight trails from the release
points to the farthest points with detectable pigments. To
estimate how straight the trails were connecting shrubs,
the number of turns with angles less than 135° was
counted, and standardized by the total length of trails
between shrubs. If degus minimized the time spent in the
open we expected to find straighter trails in predator-open
grids.

(c) Because of frequent movement among shrubs, de-
gus generate conspicuous runways on the annual herb-
aceous layer that extends among shrubs (Yafiez and Jak-
sic 1978). They are the only small mammals in the area
known to generate and use these runways. Fifteen shrub
patches were randomly chosen in three grids each with
and without predators, and the number and length of
runways exceeding 1-m long were recorded. Because
runways were less clearly distinguishable during the pe-
riod of annual vegetative growth, runways were mea-
sured before and after that period (i.e., in May and De-
cember 1991). If predation is a significant factor reducing
the use of open spaces by degus we expected shorter
runways in predator-open grids and/or longer runways in
predator-exclusion grids.

Degu tracks on smoked tiles and number of degu
runways were absolute frequencies and were thus ana-
lyzed with X2 tests (Steel and Torrie 1980). The results of
fluorescent tracking were expressed as meters traversed,
and were thus analyzed with Mann-Whitney tests (SAS
1985).

Results

We found no significant difference in shrub cover (F; 4 =
0.01, P > 0.99), or in distances between shrubs (F;,, =
0.75, P > 0.39) among grids with and without predators.
During the study period densities of degu were 10.5/ha +
1.2 SD (n = 12 months) in predator-exclusion grids and
5.0 £ 1.2 (12) in predator-open grids.

Results obtained with smoked tiles showed that degus
used spaces underneath shrubs more frequently in those
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Table 1. Mean, standard deviation, range, and sample size of daily home range in m?, number of trails between shrubs, total length of
trails between shrubs in m, and number of turns on trails between shrubs standarized by length of trails, for Octodon degus.

Treatments Activ. range No. trails Length trails No. turns
With predators (X+SD) 369+148 9.8+3.3 24.8+9.7 0.14+0.06
Range (n) _ 70-748 (20) 8-26 (17) 11.9-50.4 (20) 0.08-0.25 (20)
Without predators (X+SD) 163102 11.1+4.9 25.5+8.3 0.30+0.09
Range (n) 26-599 (25) 2-25 (25) 2.7-70.3 (28) 0.16-0.88 (28)
Mann Whitney z -3.42 1.23 -0.11 -3.30

P 0.0006 0.2206 0.9121 0.0007

grids with predators (X? = 30.8, P < 0.001, Fig. 1). In
contrast, in grids without predators, there was no signif-
icant difference between use of these two microhabitats
(X2 =0.97, P> 0.30, Fig. 1). Therefore, where predators
were absent, degus expanded their activity to open micro-
habitats.

Fluorescent tracking results showed that the number of
trails among shrubs and their total length did not differ
significantly between grids with and without predators
(Table 1). Degus, however, had significantly smaller
daily home ranges in predator-exclusion than in predator-
open grids (Table 1). These results indicate that in grids
without predators, degus traveled more frequently in the
open, but concurrently contracted their spatial home
range. The number of turns relative to the total length of
trails was significantly higher in predator- exclusion grids
(Table 1). Thus, trails were straighter in grids with preda-
tors than in those without.

The total number of runways longer than 1-m was not
significantly different between grids with and without
predators (X? = 0.96, P > 0.30, Fig. 2). However, short
runways (1-2 m) were significantly more frequent in
grids with predators, whereas longer runways were sig-

P < 0.001

N
o
?

150+

Number of runways

All 12m 2-3m
Runway length (m)

] Predator-open P Predator-exclusion

Fig. 2. Number of runways (and their length) generated by
Octodon degus traffic between shrubs in predator-open (control)
and predator-exclusion grids. P’s are probability values of X?
goodness-of-fit tests.
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nificantly more frequent in grids without predators (Fig.
2).

Discussion

Our results are consistent with previous reports that de-
gus use space under shrubs more frequently than space
away from them (Jaksic 1986). They also demonstrate
that in experimental exclusions of predators, degus in-
crease their use of open spaces. Further, in these predator-
exclusion grids degus generate longer and more winding
runways between shrubs, thus indicating that they move
through open spaces more freely.

Empirical and theoretical studies conducted in the
Northern Hemisphere point out that small mammals per-
ceive microhabitats underneath and away from shrub
canopies as qualitatively different with regard to preda-
tion risks (Longland and Price 1991, Brown 1992, Kotler
et al. 1992). Our experimental results support the hy-
pothesis that predation is an important factor influencing
space use by at least one Southern Hemisphere rodent.
Perceived risk of predation may promote changes in mi-
crohabitat use. A selective mechanism that may apply in
this case is the field-experimental demonstration in the
same study site, that predation reduces the survival and
density of degus (Meserve et al. 1993b).

Although there is a lack of quantitative information
relating predation intensity to activity area in small mam-
mals, it might be expected that predators restrict the
prey’s daily home range (Peterson and Batzli 1975, Kauf-
man and Kaufman 1982, Desy et al. 1990). Our results
were counter to this expectation, but may be explained by
patch use theory, which predicts that under predation,
small mammals deplete their food sources less thor-
oughly and thus need more area to obtain sufficient food
(Morris 1987, Rosenzweig 1989). Small mammals freed
from predation may thus concentrate in smaller, food-rich
patches, and exploit them more thoroughly.

The most obvious effect of predation on small mam-
mals should be a depression in their densities and sur-
vival. In a parallel study at the same site, Meserve et al.
(1993b) showed that both effects were detected on degus
subjected to the same treatments used here. During this
study, degu densities in predator-exclusion grids were
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twice (10 vs 5/ha) those in predator-open grids. The
major contribution of this study is to demonstrate a third,
behavioral effect of predation. Degus released from pred-
ators use non-sheltered patches more thoroughly than
their conspecifics subjected to predation risk. Whether
predation alone, or increased density brought about by
lack of predation, are the ultimate factors explaining our
findings, we cannot tell. There is not enough variance
among our four experimental treatments and four con-
trols to test for the separate effect of lack of predation or
of increased degu abundance. What is clear, however, is
that predation directly (perceived risk) or indirectly (in-
creased density) affects patch use by degus.

The behavioral effect documented here may be perva-
sive among other small mammals, but it has not received
much attention. Perhaps even a low predation risk may be
enough to alter small mammals’ assessment of habitat
quality and resource heterogeneity, and thus, their pat-
terns of microhabitat use.
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