
239NUTRITIONAL ECOLOGY OF PSEUDALOPEX CULPAEUSRevista Chilena de Historia Natural
78: 239-246, 2005

Nutritional ecology and digestive response to dietary shift in the large
South American fox, Pseudalopex culpaeus

Ecología nutricional y respuesta digestiva a cambios en la dieta en el zorro
sudamericano grande, Pseudalopex culpaeus

SERGIO I. SILVA*, FABIÁN M. JAKSIC & FRANCISCO BOZINOVIC

Center for Advanced Studies in Ecology & Biodiversity, Pontificia Universidad Católica de Chile,
Facultad de Ciencias Biológicas, Departamento de Ecología, Casilla 114-D, Santiago, Chile;

*e-mail for corresponding author: ssilva@bio.puc.cl

ABSTRACT

We tested the role of dietary shifts (from rodents to fruits and to mixed diets) on the nutritional ecology of the
culpeo fox Pseudalopex culpaeus, a native canid of South America. We studied the effects of food quality on
digestive processes, nutrition, and mass balance, and the implications of diet quality for fox survival. We
observed at the end of the nutritional trials that body mass differed significantly between the three diet groups
(fruits, rats and mixed diets), while percentage of body mass change differed significantly only in the fruit
diet treatment. Foxes fed with fruits consumed more food to meet their dietary and metabolic needs. Across
diets, dry-matter as well as energy digestibility increased significantly with diet quality. Also, mean retention
time was negatively and significantly correlated with dry-matter intake. We put forth that mixed diet may
yield higher assimilation efficiencies and hence higher nutrient intakes than those predicted from the
ingestion and assimilation of pure diets (i.e,. only rats, only fruits). We hypothesize that during periods of low
availability of mammalian prey, a mixed diet should yield a positive energy/mass balance for the fox. We
conclude that temporal and spatial variation in nutrient, energy, and water contents of prey available in a
given habitat could have an important effect on fox nutrition, energy use, and mass balance. Finally, we
postulate that P. culpaeus could not survive on fruits only past seven days.
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RESUMEN

Sometimos a prueba el papel del cambio de dieta (desde roedores a frutos y dieta mixta) sobre la ecología
nutricional del zorro culpeo Pseudalopex culpaeus, especie nativa de Sudamérica. Estudiamos el efecto de la
calidad del alimento sobre los procesos digestivos, nutrición, balance de masas y las implicancias de la
calidad de la dieta sobre la sobrevivencia de los zorros. La masa corporal al final de los ensayos nutricionales
difirió significativamente entre los tres grupos de dietas (frutos, ratas y dieta mixta), en tanto que el
porcentaje de cambio en masa corporal solo fue significativo en el caso de la dieta de frutos. Los zorros
alimentados con frutos consumieron más alimento para satisfacer sus necesidades dietarias y metabólicas.
Tanto la ingesta de materia seca como la digestibilidad se incrementaron significativamente con la calidad de
la dieta. Más aún, el tiempo de retención promedio estuvo negativa y significativamente correlacionado con la
ingesta de materia seca. Pensamos que la dieta mixta puede entregar mayores eficiencias de asimilación y por
lo tanto mayores ingestas de nutrientes que lo predicho por la ingesta y asimilación de dietas puras (i.e., solo
ratas, solo frutos). Proponemos la hipótesis que durante períodos de baja disponibilidad de presas
(micromamíferos) una ingesta de dieta mixta podría entregar un balance energía/masa positivo para los
zorros. Concluimos que la variación temporal y espacial de nutrientes, energía y contenido de agua presente
en las presas disponibles en un determinado hábitat puede tener un importante efecto sobre la nutrición, uso
de energía y balance de masa de los zorros. Finalmente, postulamos que P. culpaeus no puede sobrevivir con
una dieta exclusivamente de frutos mas allá de siete días.

Palabras clave: cuello de botella nutricional, zorro, cambio dietario, consumo de frutos.
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INTRODUCTION

Fruit  consumption by vertebrates  of ten
involves mutualistic interactions between
plants and frugivores. The net result  of
frugivory is two-fold: fruit removal, which
may or may not result in seed dispersal away
from the parent (Herrera et al. 1994, Herrera
1998), and food acquisition, because fleshy
fruits are packages containing not only seeds
but also surrounding nutritive material. Thus,
frugivores may obtain energy and nutrients as
a result of digesting fruit pulp (Herrera 1984,
1987, Johnson et al. 1985, Rode & Robbins
2000, Felicetti et al. 2003). Nevertheless,
animal nutrition depends not only on food
type but also on digestive strategies (i.e.,
Castro et al. 1989, Bozinovic 1995, Bozinovic
& Muñoz-Pedreros 1995a, 1995b, Sabat &
Bozinovic 2000,  Ahlstrom et  al .  2003).
Comparatively low-quality, energy-diluted
foods such as fruits have low digestibility
(Bosque & Pacheco 2000, Cipollini 2000).
Therefore, to maintain an adequate energy/
matter budget while consuming fruits, the
expected foraging behavior and digestion for
fruit-eating vertebrates is an increase in the
rate of food intake and a decrease in the
digesta transit time (Levey & Karasov 1989,
Karasov & Levey 1990, Levey & Grajal 1991,
Martínez del Río 1994). However, a critical
point  is  eventual ly reached (cr i t ical
digest ibi l i ty ,  sensu Cork 1994) as  a
consequence of  design constraints  for
utilization of low-quality foods. Theoretically,
frugivores should compensate such constraints
by behaviorally complementing their diet with
high-quality though less abundant food items.

Fruit does not represent a high-quality food,
but it is nonetheless consumed by different
mammals (Ball & Golightly 1992, McNab
1995, 2000, Welch et al. 1997, Kimball et al.
1998, Elmhagen et al. 2000). Westoby (1978)
pointed out that individuals should consume a
mixed diet (i.e., fruit + vertebrates) to respond
to changes in diet quality, to reduce searching
costs, to sample items, and to balance nutrient
intake. Pennings et al. (1993) proposed that, if
consumers attempt to maximize the intake of
different nutrients simultaneously, and if
different dietary items are sources of unstable
limiting nutrients, then consumers might
survive with just one item, but would obtain a

better short-time success (energetic/
physiological or survivorship), and long-time
success (reproductive) with a mixture of
different items. Many carnivorous mammals
commonly ingest fleshy fruits (Gittleman
1989). Nevertheless, the role of fruits on
carnivore nutritional ecology and energetics has
remained virtually unexplored (Vogtsberger &
Barret 1973, Moors 1977, Litvaitis & Mautz
1980, Ball & Golightly 1992, McNab 1995,
2000, Welch et al. 1997).

We studied the effect of an acute ingestion
of Schinus molle (peppertree) fruits on the
nutrit ional energetics of the culpeo fox
Pseudalopex culpaeus. The culpeo fox is the
second largest (6-8 kg) in South America
(Ginsberg & MacDonald 1990). Throughout its
range of distribution it feeds on rodents and
other small vertebrates, but it also feeds on
fruits (Medel & Jaksic 1988, Jaksic 1997). Out
of 4,488 feces analyzed in semiarid Chile from
September 1988 to January 2001, 12.4 %
contained only fruits, 32.0 % contained fruit
and vertebrates and 55.6 % contained only
vertebrates (Silva 2001). In addition, Silva et
al. (2004) report what about 34,000 fruits were
consumed, based on the number of seeds
counted (17,267 g), Schinus molle representing
98 % and all other species the remaining 2 %.
Previously, Castro et al. (1994) reported for
another area of northern Chile that peppertree
fruits represent 82 % of total fruits consumed.
These two studies reported that maximum fruit
consumption occurrs between April  and
August, a period of low availability of animal
prey. The phytochemical database (2001)
reports that peppertrees contain tannins,
alkaloids, flavonoids, steroidal saponins,
sterols, terpenes, gums, and essential oils,
while their fruits are rich in triterpenes,
sesquiterpenes and monoterpenes (see also
Cipollini 2000).

We investigated the acute response of the
culpeo fox fed with a rat diet (high-energy) or a
mixed diet of rats and peppertree fruits (low-
energy) to asses the effect of food quality on
digestive processes, nutrition and mass balance
of the culpeo fox, and the implications of diet
quality for fox survival. We hypothesized that
variations in fox diet quality may not only
reflect changes in food availability or foraging
profitability, but also depend on the interplay
between dietary chemistry and fox digestive
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processing capabilities. Because foxes do not
indiscriminately feed on any food item they
encounter, but feed preferentially on foods
higher in certain nutrit ional/energetic
compounds or lower in other components, we
investigated experimentally the relationship
between diet (fruit, rat and mixed diets), food
chemistry, and nutrient assimilation.

MATERIAL AND METHODS

Animals and diets

Between May 1998 and June 2000, fifteen non-
reproductive adult individuals of culpeo fox
(nine males and six females), ranging in body
mass from 4,480 to 6,140 g were captured in
central Chile at Quebrada de la Plata (33°31’ S,
70°50’ W, elevation ranging 400 to 850 m) and
in northern Chile at Aucó (31°30’ S, 71°06’ W,
elevation ranging 400 to 1,700 m). Five foxes
were trapped during August 1998-December
1998 (three males and two females, assigned to
rat diet), three in June 1999 (two males and one
female, assigned to mixed diet), two in August
1999 (two males, assigned to mixed diet), three
females in March 2000 (assigned to fruit diet)
and two males in June 2000 (assigned to fruit
diet). Treatments were designed according to
the field diet of culpeo fox (Castro et al. 1994,
Silva 2001). Foxes were caught using padded
leg-hold traps (Victor Soft Catch No. 1.5,
Chagnon’s Trapping Supply, Manistique,
Michigan, USA). Captured foxes were
immobilized with Ketamine hydrochloride (0.1-
0.2 ml kg-1 estimated body mass). Weight, age
(estimated by tooth wear), and sex were
recorded.

Foxes were transported in iron cages (1.0 x
1.0 x 0.8 m) to the laboratory on the day of
capture. Animals were individually housed in
iron cages (2.0 x 1.5 x 1.0 m) in an animal
room (4.0 x 10.0 x 2.5 m). The fifteen foxes
were maintained during the first four days on
ground beef and water ad libitum with a
photoperiod of 12L:12D and ambient
temperature of 20 °C. Five individuals per
group were assigned to three experimental
diets: live laboratory rats (400 g day-1),
peppertree fruits supplied ad libitum, and a
mixed diet (proportion 1:4 of minced
laboratory rats to peppertree fruits, supplied ad

libitum) and maintained during ten days on
each treatment. In sum, we had three different
diets: (1) rat diet, with live laboratory rats; 10
days for five foxes. (2) Mixed diet, with
minced laboratory rats and fruits; 10 days for
five foxes. (3) Fruit diet, exclusively of
peppertree fruit; 10 days for five foxes.

We used fruits of S. molle because Silva
(2001) reported that this shrub represents 98 %
of total fruits consumed by this fox in our study
areas.  Food consumption was measured
gravimetrically (± 0.1 g). To correct for
evaporation, diets were left for the same length
of time (10 days) in cages without animals and
then weighed. Crude fiber, crude fat, crude
protein and carbohydrate content of the diets
and of feces was measured using proximal
chemical analysis (AOAC 1980), while energy
content was determined with a Parr 1261
computerized calorimeter. Three replicates
were determined to be ash-free and were
considered reliable when the difference
between two measurements was smaller than 1
% (see Table 1).

Nutritional trials

To test whether diet quality correlates with
digestibility, gut retention time, and body mass
balance, we conducted nutrit ional.  Fox
individuals (five different for each diet) where
kept in metabolic iron cages 1.6 x 1.0 x 0.8 m)
with metal trays underneath to collect their
feces. Trials ran for ten days, supplying
experimental food to each animal,  and
collecting feces and any food material not
consumed. Feces and remaining food were
collected, weighed and stored, after drying at
70 °C to constant weight. Digestibility (D) was
calculated for each experimental diet and for
dry-matter, nitrogen, and energy as: [(Qi – Qe)
/ Qi] x 100 %, where Qi = daily rate of dry-
matter, nitrogen, or energy intake and Qe =
daily rate of feces production (dry-matter,
nitrogen, and energy). Digestible energy intake
(DEI) was calculated as: Qi x D. Mean
retention times for experimental foods were
calculated as MRT = ∑ mi ti / ∑ mi, where mi is
the amount of marker excreted at the ith
defecation at time t after dosing (Warner 1981,
Torres-Contreras & Bozinovic 1997, Bozinovic
& Torres-Contreras 1998). We used one
hundred 2-mm2 commercial flagging tape that
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was homogenized with each experimental diet
and then pelletized in small units (± 80 g).

One pellet was given to each animal, and
the metabolic chamber was examined every 10
min to determine when feeding started.
Subsequently, the cage was cleaned so that no
marker remained, and the animal was given its
experimental food ad libitum. Feces were
collected at 2-h intervals over the next two
days; they were stored and then examined for
the presence of marker particles. Body mass of
foxes was determined at the beginning and at
the end of each trial.

Statistics

Statistical analyses were performed using the
STATISTICA (1997) statistical package for
Windows 95. Data were analyzed with one-way
ANOVA and Tukey test (α = 0.05) for multiple
comparisons. Results are reported as mean ± SE.

RESULTS AND DISCUSSION

As expected, nutritional and energy content
varied among diets (Table 1). Rats had higher
water contents, ash and lipids than did fruits of
S. molle. In addition, energy and nitrogen
contents were significantly different between
diets, being higher for rats and lower for fruits
(Table 1). The chemical composition of rats
was similar to previous reports (Karasov 1990,

Ball & Gologhtly 1992), but our test fruit (S.
molle) had lower nitrogen content and higher
energy and lipid contents than average values
reported for other species (Landers et al. 1977,
Ball & Gologhtly 1992, Bosque & Pacheco
2000). In addition, water content of fruits was
lower than in rats.

After dietary treatments, body mass balance
was positive in foxes fed with rat and mixed
diets, and negative in individuals maintained
exclusively with fruits (Table 2, Fig. 1). There
were significantly differences between diets in
dry-matter ingestion (Table 2). As expected,
dry-matter intake of fruits was higher than the
intake of rats and mixed diets. Energy intake
was similar among diets, and a decreasing trend
was observed in terms of nitrogen intake from
rats to fruits (Table 2). Apparent digestibility
was closely related to diet quality. Across diets,
dry-matter as well as energy digestibility
increased significantly with diet quality (Table
2). Nitrogen digestibility followed a negative
trend. Non-significant differences in digestible
intake energy were observed between diets
(Table 2).

As expected, mean retention time was
significantly shorter in foxes feeding on fruits and
longer in those feeding on rats (Table 2). Foxes
given fruits consumed more food to try to meet
their dietary and metabolic needs. However, they
no meet their metabolic needs and they lost weigh
(Fig. 1). This has been shown for many mammals
and birds (Foley & Cork 1992).

TABLE 1

Chemical composition (% of DM) and gross energy contents of diet (kcal g-1).
Standard deviation in parentheses (n = 3)

Composición química (% de PS) y contenido energético de las dietas (kcal g-1). Desviación estándar entre paréntesis (n = 3)

Composition Rodent Mixed Fruit F(2,6)-value P-value

Dry matter 34.2 (0.32) 77.2 (0.18) 88.0 (0.30) 2320 < 0.0001

Ash 6.3 (0.09) 5.7 (0.07) 5.5 (0.08) 73.67 < 0.0001

Crude fiber 1.0 (0.15) 12.4 (0,20) 15.2 (0.26) 3766 < 0.0001

Crude fat 31.0 (0.10) 16.0 (0.19) 12.3 (0.25) 7962 < 0.0001

Crude protein 55.2 (0.20) 15.4 (0.23) 5.4 (0.25) 40249 < 0.0001

Carbohydrate 6.5 (0.47) 50.6 (0.59) 61,6 (0.73) 6960 < 0.0001

Energy (kcal g-1) 5990.4 (2.92) 5235.9 (2.50) 5047.3 (2.52) 106255 < 0.0001
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TABLE 2

Body mass, food intake, feces production, and digestive efficiency of foxes subject to three
experimental diets. All values reported are on dry-weight, ash-free basis. Figures are mean ± SD.

Masa corporal, ingesta de alimento, producción de fecas y eficiencia digestiva de zorros sujetos a tres dietas
experimentales. Todos los valores son expresados como peso seco libre de ceniza. Los números son medias ± DE.

Diet Rodent Mixed Fruit F- and P-values

Number of animals 5 5 5

Mass (g at t = 0 day) 4480 + 731 6080 + 222 5733 + 240 F2,12 = 2.35, P = 0.14

Mass (g at t = 10 days) 5320 + 813 6200 + 521 3600 + 305 F2,12 = 5.18, P = 0.02

F- and P-values F1,8 = 0.6, P = 0.42 F1,8 = 0.02, P = 0.87 F1,8 = 28.27, P = 0.0007

Food intake:

Dry-matter (g d-1) 115.3 + 15.2 218.9 + 60.45 310.5 + 41.7**5 F2,10 = 4.22, P = 0.04

Energy (kJ d-1) 2889.3 + 381.8 5800.4 + 1599.7 7521.6 + 1010.7** F2,10 = 3.69, P = 0.06

Nitrogen (g d-1) 63.9 + 8.4 56.9 + 15.7 19.6 + 2.6**5 F2,10 = 3.10, P = 0.09

Feces production:

(g d-1) 14.1 + 1.1 102.6 + 28.5 202.6 + 6.2**5 F2,10 = 20.44, P = 0.0003

(kJ d-1) 197.8 + 16.3 2756.1 + 750.3 5134.8 + 157.4** F2,10 = 20.70, P = 0.0003

Nitrogen (g d-1) 6.5 + 0.4 15.2 + 4.6 25.6* F1,8 2= 73.52, P = 0.0977

Apparent digestibility:

Dry matter (%) 87.3 + 0.9 53.4 + 1.3 32.7 + 7.7** F2,10 = 775.84, P < 0.0001

Energy (%) 92.9 + 0.5 52.7 + 1.7 29.6 + 8**5. F2,10 = 792.67, P < 0.0001

Nitrogen (%) 89.3 + 1.3 73.9 + 0.7 -17.6* F1,8 = 105.47, P < 0.0001

Digestible intake energy (kJ d-1) 2691.6 + 367.8 2042.3 + 299.6 2386.7 + 893.3** F2,10 =77 0.57, P = 0.5877

Mean retention time (h) 28.2 + 1.6 18.8 + 1.0 12.0 + 0.7** F2,10 = 737.14, P < 0.0001

* (= 1 individual); **(= 3 individuals)

Fig. 1: Body mass balance through time in the
culpeo fox as a function of different
alternatives of food sources.
Balance de masas a través del tiempo en el zorro culpeo en
función de diferentes fuentes de alimento.

Mean retention time was negatively and
significantly correlated with dry-matter intake
(Fig. 2). A higher intake of fruits, concomitant
with a shorter mean retention time, may enable
foxes to process more food per unit time.
Nevertheless, this did not result in a higher
digestibility or digestible energy intake in
comparison to alternative food sources (see Table
2). Did the daily amount of food eaten, and food
selected, vary inversely with mean retention time,
or was it mean retention time that varied as a
function of food eaten? Because these factors co-
vary it is difficult to assign causality.
Theoretically, a lower limit on fox capabilities to
reduce retention time without compromising the
nutritional/energetic budget is expected (Penry
1993). Indeed, we observed a 37 % decrease in
body mass among foxes on fruit diets and a 46 %

59
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decrease in foxes without food. These data are in
agreement with previous records on mass loss in
other starved carnivores (Ball & Golightly 1992,
Prestrud & Nilssen 1992, Fuglei & Øristland
1999), as well as with records from Pseudalopex
culpaeus during periods of low availability of
mammalian prey and high consumption of fruit
items (Castro et al. 1989, Jiménez et al. 1995,
Salvatori et al. 1999).

Mixed diet may yield higher assimilation
efficiencies and hence higher nutrient intakes than
those predicted from the ingestion and
assimilation of pure diets (Bjorndal 1991). We
found that foxes did well on mixed diet (Table 2),
and thus we hypothesize that during nutritional
bottlenecks (low availability of mammalian prey)
a mixed diet should yield a positive energy/mass
balance for the fox at the field. The minimum
values of dry-matter, energy, and nitrogen intake
of mixed diets are about 210 g day-1, 1500 kJ
day-1, and 25 g day-1, respectively, theoretically
allowing foxes to survive for at least ten days. On
a rat diet, a fox should be able to meet its basic
requirements with a dry-mass intake of 70 g/day
or a wet-mass intake of about 123 g day-1 (Fig. 3).
These values are lower than those reported by
Johnson (1992), i.e., 432-1194 g day-1. Thus,
temporal and spatial variation in nutrient, energy,
and water contents of prey available in a given
habitat may have an important effect on fox
nutrition, energy use, and mass balance. What is
clear, though, is that this fox species cannot
survive feeding exclusively fruits for over a week.

Why do foxes feed on such low-quality
items as fruits? It may be argued that foxes are
doing the best of a poor job and eating
whatever is available when preferred prey
abundance is low, even though it may not meet
their most basic nutritional requirements. Foxes
may be eating fruits just to satisfy their hunger.
Alternatively, fruits may represent sources of
water or yet unidentified vitamins or minerals
(Bozinovic & Martínez del Río 1996, Sabat &
Bozinovic 2000). In addition, fruit consumption
may contribute to the associative effect that
results from feeding on a mixed diet, because
the nutritional value of dietary items may vary
with the compounds with which it is consumed.
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Fig. 3: Relationships between ad libitum daily
dry-matter intake and body mass balance as a
function of experimental diets in the culpeo fox.
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experimentales en el zorro culpeo.
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