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Abstract
Seasonal variation in the diet of two predators in an agroecosystem in southern–central Chile. In ecosys-
tems, seasonal fluctuations in the availability of resources can promote effects on species with similar trophic 
requirements, increasing the probability of interspecific competition. This scenario becomes more evident in 
human–dominated landscapes where homogenization of space can contribute to the shortage of resources, 
modifying species feeding behavior to an uncertain degree. Understanding how these species modify their 
feeding habits within the context of habitat transformation is of special interest. We evaluated the diversity of 
prey and overlap for two predators, the chilla fox Lycalopex griseus and the barn owl Tyto alba, during three 
seasons in 2018 (winter, spring and summer). The study was based on the analysis of feces and pellets in a 
landscape with agricultural predominance in Southern–central Chile. We found the chilla fox had a generalist 
dietary profile, feeding on a broad spectrum of prey, with predominance of lagomorphs and, to a  lesser extent, 
rodents.In contrast, the diet of the barn owl mainly consisted of small rodents, with little variation across sea-
sons. Analyses of dietary overlap showed fluctuations during the periods surveyed, with a maximum value in 
winter and a minimum value in spring. Variations in the consumption of prey based on their size could facilitate 
their coexistence in the study area. 
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Resumen
Variación estacional en la dieta de dos depredadores en un agroecosistema en el centro y sur de Chile. En los 
ecosistemas, las fluctuaciones estacionales en la disponibilidad de recursos pueden tener efectos en especies 
con requerimientos tróficos similares, lo cual aumenta la probabilidad de que surja la competencia interespecí-
fica. Esta situación se hace más evidente en ambientes antropizados, donde la homogeneización del espacio 
puede agudizar la escasez de recursos y modificar el comportamiento alimentario en un grado incierto. De 
esta manera, resulta de especial interés entender cómo estas especies modifican sus hábitos alimentarios 
en un contexto de transformación del hábitat. Evaluamos la diversidad de presas y el solapamiento de dos 
depredadores, el zorro chilla, Lycalopex griseus, y la lechuza blanca o lechuza común, Tyto alba, durante tres 
estaciones en 2018 (invierno, primavera y verano). Se utilizaron heces y egagrópilas recolectadas en un pai-
saje con predominancia agrícola en el centro y sur de Chile. En el caso del zorro chilla, se observó un perfil 
trófico generalista, ya que consumió una amplia variedad de presas, en la que predominaron los lagomorfos y 
en menor medida, los roedores. En cambio, la lechuza concentró una gran proporción de su perfil alimentario 
a los pequeños roedores, con pequeñas variaciones entre estaciones. El análisis del solapamiento de las 
dietas mostró variaciones durante los periodos estudiados, con un valor máximo en invierno y uno mínimo en 
primavera. La variación en el consumo de presas en función de su tamaño facilitaría la coexistencia de ambas 
especies en la zona de estudio.

Palabras clave: Lechuza común o lechuza blanca, Zorro chilla, Solapamiento de la dieta, Comportamiento 
alimentario, Métodos no invasivos, Isoclinas tróficas
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Introduction

Ecological communities are sets of species that coex-
ist in a specific time and place (Morin, 2011). Within 
this organizational level, predators form a group of 
relevance whose main function is to control prey pop-
ulations (Hairston et al., 1960). In general, intraguild 
species and, in particular, predators (Root, 1967), must 
minimize the co–use of resources between members 
to avoid effects derived from competition (Schoener,  
1974; Fedriani, 1997). For this purpose, species can 
use several behavioral mechanisms. Food resources 
are relevant because they promote differentiation of 
diet between species through types of prey consumed 
(Zapata et al., 2007). The size of the predator can 
directly also influence prey size (Gittleman, 1985), 
deepening segregation. Seasonality, however, could 
also play a determining role in species interactions, 
mainly due to variations in the availability of resourc-
es. This possibility is evidenced through changes in 
growth and development in plant species (Rathcke and 
Placey, 1985) and demographic fluctuations between 
vertebrate prey (Meserve et al., 1999). Such variations 
of resources could affect the trophic response of preda-
tors, forcing them to modify their trophic spectra (Jaksic, 
1989) and consequently to change the relationship of 
partition of resources between species, affecting their 
fitness (Wiens, 1977). 

Transformation of original habitat has strong effects 
on biodiversity due to loss of resources for species 
and limitations on the movement of individuals 
through patches (Olff and Ritchie, 2002). This issue 
is important from the view of conservationbecause the 
increasing human impact on natural habitats affects 
their persistence (Crooks, 2002; Olifiers et al., 2005). 
One of the main ways that habitats are transformed 
are agroecosystems, where habitat homogenization 
limits the availability of resources for many species 
(Benton et al,. 2003). Although predators modify their 
trophic spectrum in farmlands (Drouilly et al., 2018), 
the extent to which change occurs may be associated 
with the local composition of species and their ecolo-
gical particularities, as these factors will enable their 
occupancy in this type of environments (Ferreira et 
al., 2018). Knowledge about how species respond to 
a changing habitat scenario and their interaction with 
other species in the community is therefore of special 
relevant to the implementation of conservation plans. 

Chilean native forest is characterized by its unique 
representation of species in a wide latitudinal distri-
bution, with a high degree of endemism (Armesto 
et al., 1995). Among the predators that occur in this 
habitat, chilla fox (Lycalopex griseus) is one of the 
three extant canids with a wide distribution, ranging 
from Arica to Tierra del Fuego, at altitudes that vary 
from sea level to 3,000 m a.s.l. (Iriarte and Jaksic, 
2012). This canid has a generalist trophic behavior that 
includes small vertebrates and arthropods (Simonetti 
et al., 1984; Martínez et al., 1993; Zúñiga et al., 2008; 
Muñoz–Pedreros et al., 2018). On the other hand, the 
barn owl (Tyto alba) is a nocturnal raptor of the family 
Tytonidae (Pavez, 2004) and its subspecies tuidara 
is widely represented in Chile.This raptor’s diet is 

mainly carnivorous, with rodents making up the bulk 
of its food source (Carmona and Rivadeneira, 2006; 
Muñoz–Pedreros et al., 2016). Although these two 
species coexist across a broad geographic continuum, 
little is known about their trophic interaction, their sea-
sonal dynamics and flexibility, and the potential co–use 
of resources (Jaksic et al., 1996; Correa and Roa, 
2005).The purpose of this study was to compare the 
diet of these two predators in central–southern Chile 
in a seasonal context. We tested the hypothesis that 
the trophic spectrum would change for both species 
at both seasonal and interspecific levels as a way of 
differentiating the use of resources.

Material and methods

The agroecosystem where the study was peformed 
is located 20 km. east of Mulchén (37º 49' 42'' S – 
721º 4' 51'' W), an urban center in central–southern 
Chile, with an altitude ranging from 120 to 150 m a.s.l. 
The climate is humid (Di Castri and Hajek, 1976), with 
a maximum mean temperature of 25 ºC in summer 
and a minimum temperature of 4 ºC in winter (Weather 
Spark, 2020). Rainfall fluctuates between a minimum 
mean of 21 mm in summer and a maximum mean 
of 151 mm in winter (Weather Spark, 2020). The 
vegetation consists of temperate deciduous forest 
(Gajardo, 1994). The dominant trees species are of the 
genus Nothofagus, mainly roble (Nothofagus obliqua) 
and coigüe (Nothofagus dombeyi). Crops in the area 
are mainly Avena barbata, Lupinus sp. Triticum sp. 
and Zea mays, with 62 % of the total area surveyed 
(fig. 1). Mosaics of exotic plantations of Eucalyptus 
globulus and Pinus radiata make up 28 % of the total 
area; prairies and shrublands account for a further 
6 %, and native forest for 4 %.

Feces and pellets were collected along 1 km line 
segments during winter and spring 2018 and summer 
2019. Feces from chilla foxes were identified using 
morphometric criteria (Chame, 2003; Muñoz–Pedreros, 
2010) and confirmed through the use of camera traps 
(Kays and Slauson, 2008). Six cameras were placed 
in the study area, at a distance of 500 m from each 
other (Zúñiga et al., 2017). In the case of owl pellets, 
although their recognition was also made by morpholo-
gical patterns (Muñoz–Pedreros and Rau, 2004), their 
identification was reinforced through direct observation 
in a group of trees used by the individuals as a roost. 
In the transect where these trees are present, the pre-
sence of the fox has also been recorded. Feces and 
pellets were measured, weighed and stored in paper 
bags for later analyses in the laboratory.

In the laboratory, the samples (feces and pellet 
were dried at 60 ºC and examined manually to de-
termine prey. The criteria to recognize rodents was 
the morphological pattern of skulls and shape of 
cuticle of hairs (Day, 1966; Reise, 1973; Pearson, 
1995), and for birds it was was feathers (Day, 1966). 
Reference collections (property of 'Ambientes del Sur 
consultores') were used for the remaining. The trophic 
analysis for both species was based on frequencies 
of relative occurrence of each prey in relation to 
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the total observed (Rau, 2000), providing an index 
of trophic diversity (Levins, 1968). This index (B) is 
based on the formula B = 1/(∑pi2), where pi is the 
relative frequency of the prey in the diet. This number 
fluctuates between 0 and n (n, the number of cate-
gories of prey), reflecting the degree of uniformity of 
prey consumption in relation to the total number of 
categories observed. Standard deviation of this index 
was obtained using the Jackknife method (Jaksic 
and Medel, 1987). Additionally, we calculated a stan-
dardized index (Colwell and Futuyma, 1971), which 
fluctuated between 0 and 1, according to the degree 
of homogeneity in resources used (0, no homogenei-
ty; 1, total homogeneity). This index allows a better 
comparison between seasons, assuming the variation 
of resources during these periods. We assessed the 
variation in the proportion of each category of prey 
according to season through the goodness–of–fit 
test (Sokal and Rohlf 1995), where the average 
consumption of each category was considered as 
the expected proportion for the comparisons, due to 
uneven sample size between seasons.

To quantify the co–use of resources by both spe-
cies, we used the dietary overlap index (Pianka, 1973). 
This index fluctuates between 0 and 1, according to 
the degree of similarity of consumption of prey (0, no 
overlap; 1, total overlap). Seasonal variations in the 
diet of the two predators and the effect of the interac-
tion of one species on the other on their respective 
diets were analyzed by a hierarchical agglomerative 
clustering, using Bray–Curtis as an index of similarity. 
SIMPROF tests were performed to identify groups in 
these sources of variation. (Clarke et al., 2014). Addi-
tionally, multivariate analysis of variant (Permanova) 
was carried out to test differences between groups 
(Quinn and Keough, 2002).

To evaluate the effect of the biomass of prey on the 
trophic spectrum of the two predators, we calculated the 
geometric mean of the prey (Jaksic and Baker, 1983). 
Likewise, trophic isoclines were applied (Kruuk and De 
Kock, 1980), allowing us to determine the importance 
of each prey based on its location in a graphic layout. 
This analysis was performed taking all seasons into 
account. In both cases (geometric mean and isoclines), 
weights of prey were obtained from Muñoz–Pedreros 
and Gil (2009) for the case of mammals, and from 
Norambuena and Riquelme (2014) for birds. 

Results

A total of 53 feces and 101 pellets were collected 
over the study period (table 1). Diet for chilla fox 
consisted of eight categories: small mammals (cricetid 
and murid rodents), lagomorphs (Lepus europaeus), 
echimyds (Myocastor coypus), reptiles (lizards), 
birds (Passeriformes), insects, and vegetable matter. 
Categories varied according to season (fig. 2). When 
diversity of prey was compared between seasons, the 
proportions of items varied for seven groups (fig. 3). 
Differences were non–significant when winter was 
compared with spring (Pair–wise tests, T = 1.464, 
p  = 0.06), but significant in the other comparisons 

(T = 2.428, T = 2.656 for winter vs. summer and spring 
vs. summer, respectively; p = 0.001 in both cases). 

For the barn owl, only six categories of prey were 
observed, with families of small mammals (Crice-
tidae and Muridae) predominating and and more 
pronounced than in the diet of the chilla fox. In terms 
of diversity, summer was the season with greatest 
magnitude for chilla fox (table 1). When diversity 
of prey was compared between seasons, barn owl 
showed four groups of prey in all seasons (fig. 3), 
with significant differences between them (Permanova 
test, Pseudo–F = 5.261; p = 0.001). The proportion 
of prey differed slightly in both predators in relation 
to frequency expected across seasons. While in the 
case of barn owl all categories of prey showed this 
trend (table 2), in the case of chilla fox only one 
category of prey was consumed in a random way.

Regarding the differentiation of prey in terms 
of biomass, during winter and spring the chilla fox 
(193.17, 485.86 in winter and spring, respectively) 
showed higher values of geometric mean than barn 
owl (58.2, 22.73 in winter and spring, respectively). 
However, in summer there was a change in this pat-
tern; chilla fox had the lowest value for this parameter 
(23.61, for chilla fox and 36.21 for barn owl). When 
the weights of prey were analyzed through trophic 
isoclines, for chilla fox, the lagomorphs were placed 
above the upper isocline (fig. 4), while the echymids 
were placed in an intermediate isocline, and small 
mammals (murids and cricetids) were placed in the 
lowest isocline. In contrast, for the barn owl we found 
that two groups, murids and cricetids, were the most 
highly represented prey located in the intermediate 
isocline, while birds and arthropods were placed in the 
lowest isocline (fig. 5). Reptiles were not incorporated 
in this layout due to their low frequency in all seasons, 

The dietary overlap for the different seasons was 
respectively 0.6, 0.27 and 0.46 for winter, spring,and 
summer . In these periods, we found a trend of se-
gregation around lagomorphs and rodents. In winter, 
seven groups of prey consumption were observed, 
(fig. 6); Pseudo–F = 3.190, p = 0.011), as in spring 
(Pseudo–F = 7.281, p = 0.001), while in summer, six 
groups were present (Pseudo–F = 15.873, p = 0.001).

Discussion

The dietary composition for both predators differed 
in relation to sites with less transformed landscape, 
where native rodents and marsupials were the most 
common prey (Martínez et al., 1993; Zúñiga et al., 
2008; Muñoz–Pedreros et al., 2016). This finding 
could be explained by the high degree of habitat loss 
in the study area, where environmental homogene-
ity would affect the occurrence of the two species.
Both species are present in sites with less human 
intervention (Muñoz–Pedreros et al., 1990), and 
their spatial habits are linked to a greater structural 
complexity (Murúa and González, 1982; Vásquez, 
1996). It can be expected that local diversity of prey 
is affected, with low abundances of native species, 
such as rodents (Fernández and Simonetti, 2013), 
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and an increase in exotic species, such as murids and 
lagomorphs (Jaksic et al., 2002). Despite this, patches 
of native forest scattered throughout the study area 
could sustain an important source of specialist prey 
species. This would allow both predators to maintain 
a diverse profile of food sources, and it emphasizes 
the importance of conserving these environments in 
the long term. 

Fig. 1. Study area: A, sub–continental scale; B, regional scale; C, local scale. 

Fig. 1. Zona de estudio: A, escala subcontinental; B, escala regional; C, escala local. 

The dietary pattern of both species showed di-
versity across season. Their respective frequency 
of consumption which would likely be explained by 
differences in the reproductive patterns of prey. This 
has been reported in fall for rodents (González and 
Murúa, 1983) and in spring for birds and insects 
(Daan et al., 1989; Peña, 1987). It can therefore be 
expected that the rate of predation will be greater 
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the seasons. This possibility could be explained by 
interannual variations in population sizes, where 
demographic dynamics of rodents can fluctuate year 
to year (Murúa et al., 1986), expanding periods of 
greatest abundance, and allowing their greater cap-
ture by predators. On the other hand, murids have a 
broad spatial pattern, with intra–annual reproductive 
dynamics that would facilitate their consumption over 
the seasons (King et al., 1996; Douangboupha et al., 
2009). Their low frequency of consumption, however, 

during these seasons. Likewise, the non–random 
pattern of frequencies of consumption observed in 
the goodness–of–fit tests illustrated the population 
changes of the respective types of prey. This finding 
should be taken with caution, however, and further 
studies on the demographic pattern of these species 
in human dominated landscapes are needed. In the 
case of chilla fox, the high consumption of cricetids in 
winter increased even further in summer, suggesting 
continuity in their reproductive dynamics throughout 

Table 1. Dietary composition of both predators through the sampled seasons. The columns indicates 
observed abundance of each prey and their percentage.

Tabla 1. Composición de la dieta de ambos depredadores durante las estaciones estudiadas. En las 
columnas se indican la abundancia observada de cada presa y su porcentaje.

			                                                     Predators

	                                  Chilla fox	                                     Barn owl

Prey	 Winter	 Spring	 Summer	 Winter	 Spring	 Summer

Mammals

   Rodents, Cricetidae

Abrothrix longipilis	 2 (6.89)	 1 (3.84)	 6 (11.53)	 5 (19.23)	 7 (13.46)	 45 (32.37)

Abrothtix olivaceus	 1 (3.44)	 –	 1 (1.92)	 2 (7.69)	 6 (11.53)	 13 (9.35)

Oligoryzomys longicaudatus	 7 (24.13)	 1 (3.84)	 1 (1.92)	 5 (19.23)	 8 (15.38)	 21 (15.10)

Irenomys tarsalis	 –	 –	 –	 1 (3.84)	 –	 –

Phyllotis darwini	 –	 –	 –	 –	 –	 6 (4.31)

   Rodents, Muridae

Rattus norvegicus	 –	 –	 –	 4 (15.38)	 5 (9.61)	 10 (7.19)

Rattus rattus	 4 (13.79)	 2 (7.69)	 7 (13.46)	 7 (26.92)	 8 (15.38)	 25 (17.98)

   Rodents, Echymidae

Myocastor coypus	 1 (3.44)	 4 (15.38)	 –	 –	 –	 –

Lagomorpha

Lepus europaeus	 8 (27.58)	 9 (34.61)	 7 (13.46)	 –	 1 (1.92)	 1 (0,71)

Birds

Unidentified birds	 7 (26.92)	 7 (26.92)	 8 (15.38)	 2 (7.69)	 4 (7.69)	 5 (3.59)

Reptiles

Liolaemus sp.	 –	 2 (7.69)	 –	 –	 2 (3.84)	 –

Insecta

Cratomelus armatus	 –	 –	 5 (9.61)	 –	 10 (19.23)	 9 (6.4)

Brachysternus viridis	 –	 –	 –	 –	 1 (1.92)	 –

Unidentified insect	 –	 –	 13 (25)	 –	 –	 2 (1.4)

Vegetables

Vegetal tissue	 –	 –	 4 (7.6)	 –	 –	 2 (1.43)

Total scats/pellets	 18	 18	 17	 26	 27	 48

Dietary breadth (β)	 5.8 ± 1.54	 4.33 ±1.77	 6.59 ±1.37	 5.82 ±1.43	 8.24 ±1.08	 5.50 ±2.05

Standardized niche (Bsta)	 0.58	 0.55	 0.69	 0.80	 0.65	 0.45
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could be attributed to changes in the use of space, 
minimizing the likelihood of encounters. 

The consumption of lagamorphs was greater than 
previously detected (Zúñiga et al., 2018a), suggesting 
the progressive incorporation of this group into the 
dietary spectrum with replacement of native prey 
(Simonetti, 1986; Novaro et al., 2000). This pattern 
has also been found in other fox species, where pe-
riods of trong population growth of hares was linked 
to high rates of consumption by red foxes (Vulpes 
vulpes) and lower rates of predation on smaller 
mammals (Goszczyński and Wasileski, 1992). The 
absence of statistical differences in the frequency of 
consumption between seasons suggests a certain 
degree of regular consumption, with a proportion that 
did not vary along across seasons (Jaksic, 1989). 
Nevertheless, this observation should  be examined 

with caution because it is necessary to monitor their 
abundance. It is important to note that apart from 
cougar (predators that are occasionally detected in the 
study area) records of other mammal predators that 
capture lagomorphs are lacking. Predation pressure 
on lagomorphs could be low due to the low number 
of predators, which would account for a low impact on 
its population size and allowing chilla fox to consume 
them with frequency across the the seasons. Reports 
on the demographic fluctuation of hares during in-
ter–annual periods (Wasilewski, 1991; Sokos et al., 
2016) makes it necessary to systematically monitor 
hare populations so as to determine how the trophic 
response of chilla fox is affected. 

Seasonal variation in the diet of the barn owl 
also showed changes in the composition of prey, 
although their dependence on small mammals was 

Fig. 2. Percentage representation of the prey captured by chilla fox Lycalopex griseus and barn owl 
Tyto alba in the study area, through the sampled seasons, year 2019: Cric, cricetids; Mur, murids; Lag, 
lagomorphs; Bd, birds; Lz, Lizards; Ins, insects; Veg.tis, vegetable tissues

Fig. 2. Representación del porcentaje de las presas capturadas por el zorro chilla Lycalopex griseus y la  
lechuza común Tyto alba en la zona de estudio, durante las estaciones estudiadas del año 2019: Cric, 
cricétidos; Mur, múridos; Lag, lagomorfors; Bd, aves; Lz, lagartos; Ins, insectos; Veg.tis, tejidos vegetales.

Chilla fox

Barn owl

Winter
Spring
Summer

Winter
Spring
Summer

40

35

30

25

20

15

10

5

0                        Cric   Mur   Lag  Echim  Bd     Lz    Ins   Veg.tis
Prey categories

                         Cric    Mur   Lag      Bd      Lz      Ins   Veg.tis
  Prey categories

70

60

50

40

30

20

10

0

P
er

ce
nt

ag
e

P
er

ce
nt

ag
e



96 Zúñiga et al. 

more marked, as evidenced in the high frequency of 
capture. Even though barn owl consumption of cri-
cetidae was consistent with previous reports (Correa 
and Roa, 2005; Zúñiga et al., 2018b), differences 
were observed in terms of diversity across seasons. 
These differences could be explained by the incor-
poration of other groups of cricetids associated with 
native forest. This is the case of the mice Chilean 
Irenomys tarsalis and Phyllotis darwini, which are in 
the limit of southern distribution (Muñoz–Pedreros 

and Gil, 2009). However, their abundances reflect 
a low contribution to the total dietary spectrum. It is 
therefore necessary to determine the population dy-
namics of these two species to understand their real 
contribution across seasons. On the other hand, the 
appearance of murids in the diet would be associated 
with opportunistic feeding behavior on small rodents 
due to the occurrence of this group in sites with low 
forest cover (Teta et al., 2012). The low consumption 
of hares would be explained by their size. The fact 

Fig. 3. Dissimilarities represented by Metric multidimensional scaling (MDS) between the types of 
prey consumed seasonally by chilla fox Lycalopex griseus (A) and barn owl Tyto alba (B): A.long, A. 
longipilis; A.oliv, A. olivaceus; Arthr, arthropods; Bd, birds; Br, Brachisternus viridis; Cr, Cratomelus 
armatus; Echym, Echymids; Lp.eu, Lepus europaeus; Lz, lizards; O.long, Oligoryzomys longicaudatus; 
Ph.d, Phyllotis darwini; R.n, Rattus norvegicus; R.r, Rattus rattus; Veg.tis, vegetable tissue.

Fig.  3. Diferencias representadas mediante el escalamiento multidimensional métrico (MDS en su sigla  
en inglés) entre los tipos de presa consumidos de forma estacional por el zorro chilla  
Lycalopex griseus (A) y la lechuza común Tyto alba (B): A.long, A.  longipilis; A.oliv, A.  olivaceus;  
Arthr, artrópodos; Bd, aves; Br, Brachisternus viridis; Cr, Cratomelus armatus; Echym, equímidos; Lp.eu, 
Lepus europaeus; Lz, lagartos; O.long, Oligoryzomys longicaudatus; Ph.d, Phyllotis darwini; R.n, Rattus 
norvegicus; R.r, Rattus rattus; Veg.tis, Tejido vegetal.
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that they are usually larger than this raptor (Pavez, 
2004) suggests an age–based segregation for their 
capture, with juveniles being more vulnerable, as has 
been reported for rabbits (Oryctolagus cuniculus) in 
Central Chile (Simonetti and Fuentes, 1983). 

Differences in the co–use of resources between the 
two predators across the seasons account for changes 
in responses used under a scenario of fluctuation of 

resources, where prey size appeared to be an im-
portant factor to minimize trophic overlap. Likewise, 
although the relatively high trophic overlap observed 
in winter suggests that small mammals were a critical 
resource for both species, consumption of larger prey 
seems to favor the partitioning of resources. The pre-
sence of lagomorphs in the upper isocline in the case 
of chilla fox highlights the importance of this prey in 

Fig. 4. Trophic isoclines for prey consumed by chilla fox Lycalopex griseus in the study area: Art,  
arthropods; Bd, birds; Cric, cricetids; Ech, echymids; Lag, lagomorphs; Mur, murids.

Fig. 4. Isoclinas tróficas de las presas consumidas por el zorro chilla Lycalopex griseus en la zona de 
estudio: Art, artrópodos; Bd, aves; Cric, cricétidos; Ech, equímidos; Lag, lagomorfos; Mur, múridos.

Table 2. Values of chi–square analysis (x2) and their respective statistical significance (p) for comparisons 
of frequencies of prey consumption through the seasons surveyed. 

Tabla 2. Valores del análisis de la x2 y su significación estadística (p) respectiva para comparaciones 
de frecuencias de consumo de presas durante las estaciones estudiadas.

	                          Chilla fox	                                            Barn owl

	 x2	 p	 x2	 p

Cricetids	 17.47	 0.0002	 53.33	 < 0.0001

Murids	 15.23	 0.0005	 35.67	 < 0.0001

Lagomorphs	 1.81	 0.404	 121.65	 < 0.0001

Echymids	 47.57	 < 0.0001	 –	 –

Birds	 17.17	 0.0002	 61.47	 < 0.0001

Arthropods	 104.94	 < 0.0001	 73.65	 < 0.0001
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the trophic spectrum, considering that the weight of L. 
europaeus is greater than the rest. On other hand, the 
presence of Myocastor coypus, whose size is about 
to 10 kg (Muñoz–Pedreros and Gil 2009), similar to 
chilla fox, suggests that these records would be the 
resultof scavenging. Such scavenging can be explai-
ned by the occasional presence of Puma concolor 
(60 kg) in the study area, which has consumption 
reports of M. coypus (Iriarte and Jaksic, 2012; Zúñiga 
and Muñoz–Pedreros, 2014), contributing therefore 
to the food subsidy of other predators (Wilson and 
Wollkowich, 2011). In the case of the barn owl, the 
presence of both murid and cricetid rodents in the 
intermediate isocline accounts for the importance of 
both these groups in the diet, despite their different 
spatial habits. This can be explained due to the energy 
requirements of the barn owl –a minimum of 55g/day 
(Hamilton and Neill, 1981)– and its flexibility to cap-
ture rodents, with variations in selectivity of species 
according to seasonal availability (Tores et al., 2005). 
It should also be noted, however, that although both 
predators consumed arthropods, the taxonomic level 
achieved may be underrepresentative of the supply in 
the environment (Greene and Jaksic, 1983); caution 
is therefore called for regarding the diversity in types 
of prey (Peña, 1987).

The use of space is a key aspect in the ecological 
differentiation of the two predators. The lower number 
of feces of chilla fox collected in relation to barn owl 
pellets suggests that this canid uses the agroecosys-
tem in a marginal way, with extensive roaming in 

search of food in sites adjacent to the study area. 
This possibility is supported by reports that account 
for a low frequency of use of this habitat, in relation 
to native forest and commercial plantations (Zúñiga 
et al., 2009) and their home range (Silva–Rodríguez 
et al., 2010). In contrast, barn owl have a greater de-
gree of territoriality than chilla fox because their home 
range smaller (Tomé and Valkarna, 2001; Hafdzi et 
al., 2003). Particularities about the type of movement 
associated with their hunting activities (Massa et al., 
2015) could favor a finer degree of differentiation 
between the two predators.

The low geometric mean observed for chilla fox 
in summer has its minimum value in relation to other 
seasons, showinga noticeable decrease in the size 
of the prey consumed. This could be due to low 
availability of large prey, compensated only by a 
high consumption of arthropods. This illustrates the 
different strategies of the two predators. This diet is 
considered as suboptimal for the species because its 
low biomass contribution would not support its energy 
requirements, as has been reported for its congeneric 
culpeo fox, Lycalopex culpaeus (Silva et al., 2005). 
The low abundance of rodents suggests the forced 
displacement of chilla fox towards patches with greater 
availability of resources. Considering that the study 
area is a mosaic of agricultural landscape with forest 
plantations and native forest, there is a high probability 
that these canids may converge with domestic dogs, 
which could interfere in their spatio–temporal patterns 
(Silva–Rodríguez et al., 2010). Knowledge about the 

Fig. 5. Trophic isoclines for prey consumed by Barn owl Tyto alba in the study area: Art, arthropods; 
Bd, birds; Cric, cricetids; Lag, lagomorphs; Mur, murids.

Fig. 5. Isoclinas tróficas de las presas consumidas por la lechuza común Tyto alba en la zona de estudio: 
Art, artrópodos; Bd, aves; Cric, cricétidos; Lag, lagomorfos; Mur, múridos.
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Fig. 6. Dissimilarities represented by Metric multidimensional scaling (MDS) between the types of prey 
consumed by chilla fox Lycalopex griseus and barn owl Tyto alba (both species together) in the study area, 
across the seasons surveyed: A.long, A. longipilis; A.oliv, A. olivaceus; Arthr, arthropods; Bd, birds; Br, 
Brachisternus viridis; Cr, Cratomelus armatus; Echym, echymids; I.tr, I. tarsalis; Lp.eu, Lepus europaeus; 
Lz, lizards; O.long, Oligoryzomys longicaudatus; Ph.d, Phyllotis darwini; R.n, Rattus norvegicus; R.r, Rattus 
rattus; Veg.tis, vegetable tissue.

Fig.  6. Diferencias representadas mediante el escalamiento multidimensional métrico (MDS en su sigla 
en inglés) entre los tipos de presa consumidos por el zorro chilla Lycalopex griseus y la lechuza común 
Tyto alba (ambas especies juntas) en la zona de estudio, en las estaciones estudiadas: A.long, A. longipilis; 
A.oliv, A. olivaceus; Arthr, arthropods; Bd, birds; Br, Brachisternus viridis; Cr, Cratomelus armatus; Echym, 
echymids; I.tr, I. tarsalis; Lp.eu, Lepus europaeus; Lz, lizards; O.long, Oligoryzomys longicaudatus; Ph.d, 
Phyllotis darwini; R.n, Rattus norvegicus; R.r, Rattus rattus; Veg.tis, tejido vegetal.
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spatial ecology in this area, considering the potential 
conflict due to the proximity to human settlements, 
is of special importance for the implementation of 
conservation strategies. In conclusion, although the 
two studied species shared a high proportion of prey 
species, their rate of consumption varied over the 
seasons in the study period. Differences in abundance 
of prey, added to the particularities of the predators’ 
use of space, resulted in variations in the trophic 
overlapping. Future research should focus on whether 
the selectivity pattern differs between the two species.
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