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Understanding predator-prey dynamics requires insight on predator responses to variation in prey abundance.  Whereas most predators 
respond numerically to changes in food availability, functional responses are less clear.  Characterizing both is essential to understanding 
how predator-prey dynamics will change with spatiotemporal variation in resources or habitat conditions.  The Culpeo (Lycalopex culpaeus) 
is a wide-ranging South American canid broadly characterized as a generalist forager exhibiting numerical responses, but limited functional 
responses, to variation in prey availability.  We employ a 23-year perspective on the diet of Culpeos, using monthly demographic monitoring 
of small mammal prey species and concurrent collection of Culpeo scat in a large protected area in Chile.  As elsewhere, Culpeos emphasize 
small mammals in their diet, but they consistently consume some species (notably Abrocoma bennettii) disproportionate to their apparent 
availability.  Culpeos here display limited numerical responses to variation in small mammal abundance, although this weakens during ex-
tended periods of low small mammal availability when foxes presumably switch to other food items.  Culpeos exhibit an asymptotic (Type II) 
functional response to variation in abundance of small mammal prey.  While Type II functional responses are generally considered to charac-
terize specialist predators, these patterns match expectations for a generalist forager that strongly favors certain prey species, and underscore 
the importance of long-term data for elucidating fundamental ecological patterns.  Further work is needed to dissect this functional response 
among key prey species, and to determine if and how this may fluctuate with climatic conditions, which vary extensively here due to El Niño 
Southern Oscillations.  Long-term datasets provide unique opportunities to understand and characterize such patterns in natural communities.

Entender la dinámica depredador-presa requiere comprender cómo los depredadores responden a las variaciones en la abundancia de 
presas.  Mientras la mayoría de los depredadores responderán numéricamente a los cambios en la disponibilidad de alimento, las respuestas 
funcionales son menos claros.  Caracterizando ambas respuestas es esencial para comprender cómo cambiara la dinámica entre depredador 
y presa a la variación espaciotemporal en recursos o en las condiciones del hábitat.  El Culpeo (Lycalopex culpaeus) es un cánido sudamerica-
no ampliamente distribuido y generalmente caracterizado como un depredador generalista exhibiendo respuestas numéricas, pero limitada 
(o no) respuestas funcionales, a la variación en la disponibilidad de presas.  Nosotros empleamos una perspectiva de 23 años en la dieta de 
Culpeo, usando un programa de monitoreo demográfico mensual de micromamíferos y la colección simultánea de fecas de culpeo en un 
área protegida en Chile.  Como en otras partes, los culpeos seleccionan micromamíferos en su dieta, pero consumen algunas especies (espe-
cialmente Abrocoma bennettii) en forma desproporcionado en relación con su disponibilidad aparente.  Culpeos acá muestran una respuesta 
numérica limitada a la variación en abundancia de micromamíferos, aunque esto es más débil durante largos períodos de disponibilidad baja 
de micromamíferos cuando los zorros probablemente cambian a otros alimentos.  Los culpeos exhiben una respuesta funcional asintótica (tipo 
II) a la variación en la abundancia de presas de micromamíferos.  Tanto como respuestas funcionales tipo II son generalmente considerado a 
caracterizar depredadores especialistas, estos patrones coinciden con la expectativa de un forrajeo generalista que fuertemente favorece cier-
tas especies de presa y destacan la importancia de los datos a largo plazo para elucidar patrones ecológicos fundamentales.  Se necesitan más 
trabajos para disectar esta respuesta funcional entre especie de presas clave y para determinar si y cómo esto puede fluctuar con las condicio-
nes climáticas, que pueden variar ampliamente en asociación con la Oscilación del Sur El Niño.  Conjuntos de datos a largo plazo proporcionan 
oportunidades únicas para entender y caracterizar estos patrones fundamentales en las comunidades naturales.
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Introduction 
In simplest terms, predator foraging theory predicts that 
predators should respond to variation in prey availability 
numerically and/or functionally (e. g., changes in num-
bers of predators versus changes in per-capita prey con-
sumption—Holling 1959; Jaksic et al. 1993).  Numerical 
responses may occur over the short term (immigration 
and emigration) or longer term (local recruitment or mor-
tality), whereas functional responses are more immediate.  
Because generalist predators are likely to switch prey and to 
develop search images for favored prey as they increase in 
abundance, their functional responses should be sigmoidal 
in shape (e. g., Type III), with a lagged response as prey num-
bers increase, followed by increased per capita consump-
tion to some point of satiation.  Specialist predators, on the 
other hand, switch prey less frequently (or among fewer 
target prey) and are more likely to exhibit Type II functional 
responses (e. g., with no lag period).  However, these func-
tional responses comprise points on a continuum, and we 
should anticipate variation in the extent to which preda-
tors match these patterns (Denny 2014).  In general, smaller 
predators tend to be more generalist and opportunistic in 
their diet than larger predators, which tend to forage on 
more prey species but more selectively (Gittleman 1985).

Small canids tend to be opportunistic foragers, and may 
exhibit either specialist or generalist prey selection.  Arctic 
Foxes (Vulpes lagopus) in Siberia act as specialists on Nor-
wegian Lemmings (Lemmus lemmus), but as generalists on 
Collared Lemmings (Dicrostonyx torquatus; Angerbjorn et 
al. 1999); in Fennoscandia this canid is a lemming specialist, 
but opportunistically consumes birds, Reindeer (domestic 
Rangifer tarandus, presumably carcasses), other small mam-
mals, and hares (Elmhagen et al. 2000).  Red Foxes (V. vulpes) 
are “the archetypical generalist predator” (O'Mahony et al. 
1999:575), and consume a broad array of food items across 
an immense geographical range, as do both Golden (Canis 
aureus; Aleksandra and Dusko 2015) and Black-backed jack-
als (Lupulella mesomelas; Humphries et al. 2016).  Reflecting 
this trophic flexibility, the diet of some smaller and mid-
sized canids varies regionally (e. g., Etheredge et al. 2015).

Two wild canids range over much of the Southern Cone 
of South America.  These are the larger Culpeo Fox (Lycalopex 
culpaeus, 4 to 14 kg; Culpeo hereafter) which ranges along 
the Andes from Colombia to Tierra del Fuego (excluding 
wet temperate rainforest; Novaro 1997b), and the smaller 
and competitively subordinate Chilla Fox (L. grisea, 2 to 5 
kg; Chilla hereafter), which ranges from southern Perú to 
southern Patagonia (introduced to Tierra del Fuego—Jaksic 
and Yáñez 1983; Lucherini 2016).  Additionally, the Pampas 
Fox (L. gymnocerca) ranges from eastern Bolivia and west-
ern Paraguay south through the Monte, Espinal, and Pam-
pas ecoregions of Argentina (Lucherini and Luengos Vidal 
2008), and Darwin’s Fox (L. fulvipes) has a very restricted 
range in south-central Chile (Iriarte and Jaksic 2012).  The 
most widely distributed of these, the Culpeo and Chilla, 

have been studied extensively (reviewed by Jaksic 1998) 
and both tend to have diverse diets (as does the Pampas 
Fox; Lucherini and Luengos Vidal 2008).  In the coastal fringe 
of the Atacama Desert, Culpeos consume primarily arthro-
pods, complemented by reptiles, birds, and small mammals 
(Guzmán-Sandoval et al. 2007); Chillas in this area target 
small mammals but also consume seabirds and crustaceans 
(Marquet et al. 1993).  In the southern Andes the Culpeo 
consumes small mammals (Marquet et al. 1993), but this 
may be complemented by camelids (presumably carrion), 
European Hares (Lepus europaeus), and birds, leading Walker 
et al. (2007) to conclude that Culpeos were more generalist 
than other mid-sized carnivores in the region (e. g., Andean 
Mountain Cat [Leopardus jacobita], and Colocolo [L. colo-
cola]).  Where both canid species co-occur in Patagonia, 
Chillas emphasize arthropods and small mammals in their 
diet while Culpeos focus on invasive European Hare (Zapata 
et al. 2005; Gantchoff and Belant 2016); Palacios et al. (2012) 
further emphasized the role of invasive species in the diet 
of Culpeo in this region, arguing that native prey items are 
ecologically (hence, functionally) extirpated in this region.  
In steppe habitat of central Argentina, Culpeos appear to 
retain a preference for native small mammals (by biomass; 
Pia et al. 2003), whereas in mediterranean Chile they appear 
to have adopted European Rabbits (Oryctolagus cuniculus) 
as their primary prey (Rubio et al. 2013), and in forested 
regions of southern Chile both canids (as well as Darwin’s 
Fox) shifted their apparent prey preferences in exotic planta-
tions (Monterrey Pine, Pinus radiata) relative to native forest, 
selecting arboreal rodents (Oligoryzomys longicaudatus, Ire-
nomys tarsalis) in the former even though these were more 
abundant in the latter (Moreira-Arce et al. 2015).

This brief overview underscores the adaptability of 
Culpeo in the face of changing biotic conditions.  Efforts to 
characterize either numerical or functional responses, how-
ever, have been limited to two sites in northern Chile.  At an 
interior site in the northern mediterranean region (Las Chin-
chillas National Reserve), Jaksic et al. (1992) and Martínez et 
al. (1993) tracked fox numbers and diet over 45 months and 
one cycle in prey abundance (mostly native small mammals; 
invasive lagomorphs had not yet become abundant at this 
site; F. Jaksic pers. comm. to DAK, October 2016).  Jaksic et al. 
(1992:95) reported that Culpeos “consumed highly variable 
amounts of fruit regardless of the availability of mammalian 
prey,” and while Martínez et al. (1993) did not distinguish the 
scat of Culpeo and Chilla, the combined dietary information 
showed no indication of a functional response; rather, foxes 
exhibited strong preference for Common Degus (Octodon 
degus; Degu hereafter) and Darwin’s Leaf-eared Mice (Phyl-
lotis darwini).  At a coastal site ca. 90 km from Las Chinchil-
las (Bosque Fray Jorge National Park; Fray Jorge hereafter), 
Jaksic et al. (1993, 1997) reported somewhat similar dynam-
ics; Culpeos (the only fox present at that site) were selec-
tive predators, favoring Bennett’s Chinchilla Rat (Abrocoma 
bennettii) and Degus, but avoiding P. darwini, although they 
increased consumption of fruits when small mammal num-



www.mastozoologiamexicana.org   109

Kelt  et al.

bers were low (Castro et al. 1994).  Finally, whereas Jaksic et 
al. (1993) reported no numerical responses across variation 
in prey abundances, Jaksic et al. (1997) suggested a modest 
numerical response, although this was confounded by the 
fact that these authors combined multiple predator spe-
cies (Culpeo and raptors) in their assessment of numerical 
responses.  Neither study at Fray Jorge (Jaksic et al. 1993, 
1997) suggested functional responses by Culpeos, which 
continued to emphasize small mammals throughout the 
study period, albeit complemented occasionally by arthro-
pods and fruit/seed.

One potential complication in a region known for exten-
sive temporal variation in abundance of prey species (Iriarte 
et al. 1989a; Jiménez et al. 1992; Meserve et al. 2016) is that 
all studies on the diet of the Culpeo have been limited in the 
temporal extent of observation.  We have been studying the 
ecology of small mammals at Fray Jorge since 1989, includ-
ing monthly assessments of population sizes at a series of 
replicate study plots (reviewed in Meserve et al. 2003, 2016; 
Gutiérrez et al. 2010) and complemented with monthly col-
lection of Culpeo scat along standardized routes.  This is the 
same site reported on by Jaksic et al. (1993, 1997), but here 
we report on a much longer (23-year) dataset spanning 
extensive temporal variation in small mammal numbers, 
and simultaneous variation in Culpeo diets.

Two events at this site prompted this updated analy-
sis.  First, climatic patterns appear to have shifted in about 
2000/2002.  Prior to this, the site experienced periodic El Niño 
Southern Oscillation wet periods every 3 to 5 years, with 
strong numerical responses by small mammals (Meserve et 
al. 1993, 1996).  After about 2002, annual rainfall declined 
and became less variable (Meserve et al. 2011, 2016; Armas 
et al. 2016a); subsequent to this climatic change, we docu-
mented a major shift in the composition of the small mam-
mal fauna, the most notable change being a tremendous 
proportional increase in Degu abundance.  Since 2001 this 
species has comprised at least 50 % of the biomass of small 
mammals at our site, and over 65 % since 2010 (Meserve 
et al. 2016).  If Degus are a favored prey of Culpeo (Jaksic 
et al. 1993, 1997), then we would predict that this predator 
would respond to this change in prey availability.

The second major change at the site is that invasive lago-
morph populations have increased greatly, starting in late 
2002 or early 2003.  This appears to be a response to two 
unrelated events.  The first of these was that 2000 to 2002 
comprised a series of three years of elevated rainfall at our 
site, leading to abundant food for herbivorous or folivorous 
consumers.  Additionally, Culpeos at Fray Jorge experienced 
a distemper outbreak in 2002/03 (Moreira and Stutzin 2005; 
Acosta Jamett 2010) which led to a substantial decline in fox 
numbers and presumably in predation pressure on lago-
morphs.  In our field notes from that time period we docu-
ment encountering numerous fox carcasses, and for the 
first time noting both European Hares and European Rab-
bits commonly.  Hares and rabbits have remained abundant 
throughout the park since this time (DAK, pers. obs.).

Given the existing literature on the population ecology 
of Culpeos, we predicted that they would respond numeri-
cally but not functionally to changes in prey abundance.  
We predicted that Culpeos would favor some species as 
prey (e. g., larger small mammals but also lagomorphs 
once the latter became abundant at our site), but that they 
would show no sign of adjusting their foraging to changes 
in prey availability.

Materials and methods
Study site.  Since 1989 we have maintained a long-term 
study on the ecology of arid lands in Fray Jorge, at the 
northern fringe of mediterranean Chile (reviewed in Squeo 
et al. 2004; Armas et al. 2016b).  Initially established to assess 
the relative importance of biotic influences (competition 
and predation) on small mammals (Meserve et al. 1993) 
and top-down impacts on plants (Gutiérrez et al. 1997), we 
have refocused effort to target the relative importance of 
biotic versus abiotic drivers after episodic rainfall, gener-
ally associated with the El Niño Southern Oscillation (ENSO) 
phenomenon.  Such events effectively “reset the clock” of 
predator-prey dynamics, with rainfall promoting primary 
productivity and providing abundant food for small mam-
mals, effectively releasing them from any top-down control 
by predators (Meserve et al. 2003, 2016).  After multiple 
wet/dry cycles we have documented predictable responses 
by most biotic elements, and research emphasis has shifted 
to monitoring diverse biotic and abiotic parameters in the 
face of the apparent “regime change” (sensu Scheffer 2009) 
in 2000/02.

The main part of Fray Jorge comprises about 9,000 ha 
on the coast of north-central Chile, located approximately 
400 km North of Santiago and 150 km South of the south-
ern border of the Atacama Desert.  The region is semi-arid 
but receives a strong oceanic influence.  Coastal hills (the 
Altos de Talinay, ca. 640 m elevation) intercept fog and sup-
port remnant patches of forest with numerous elements of 
Valdivian temperate rainforest, characteristic of southern 
Chile (Villagrán et al. 2004; Squeo et al. 2016).  Our study is 
in the Quebrada de las Vacas, a north-south oriented valley 
located just interior to the Altos de Talinay, and dominated 
by spiny drought-deciduous and evergreen shrubs with a 
seasonal ephemeral plant understory (Gutiérrez et al. 1993; 
Gutiérrez et al. 2004; Squeo et al. 2016).  The climate is semi-
arid Mediterranean with warm summers and cool winters.  
Mean annual precipitation is just under 127 mm, most of 
which falls in winter (May to October).

The small mammal community of Chile is well known 
(Osgood 1943; Jaksic 1998; Muñoz-Pedreros and Yáñez 
2009), and the fauna of Fray Jorge has been well studied 
since the 1970s (Schamberger and Fulk 1974; Fulk 1975; 
Meserve 1981a, b: Meserve et al. 1993, 1995, 1996, 2001, 
2003, 2016; Yunger et al. 2002; Kelt et al. 2004a, b, c).  The 
community is diverse and includes three herbivorous cav-
iomorph rodents (Octodon degus [ca. 120 to 180 g], O. luna-
tus [ca. 160 to 200 g], and Abrocoma bennettii [150 to 250 g]) 
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and several smaller (20 to 80 g) sigmodontine rodents.  The 
most abundant sigmodontines are the omnivorous Abro-
thrix olivacea and omnivorous / herbivorous Phyllotis dar-
wini, but lesser numbers of insectivorous A. longipilis and 
granivorous Oligoryzomys longicaudatus are recorded as 
well (dietary characterization from Meserve 1981a).  Finally, 
a carnivorous / frugivorous mouse opossum (Thylamys 
elegans, 25 to 35 g) occurs here and is regularly captured.  
We classify species as “core”, “quasi-core”, or “opportunis-
tic”, based on their apparent dependence on thorn scrub 
habitat, where our sampling is based.  Octodon degus, P. 
darwini, and A. olivacea are captured every month and are 
considered to be core species.  Thylamys is captured in 
most months but with less consistency, and we frequently 
treat this as a quasi-core species.  All of these species may 
also be found in other key habitats at Fray Jorge, including 
fog forest that occurs on the adjacent Altos de Talinay and 
in moister aguadas habitat, where the water table is suf-
ficiently high to support more mesic vegetation.  Supple-
mental trapping in these habitats (Milstead et al. 2007)  sug-
gests that A. longipilis is primarily a species of the fog forest, 
but it enters thorn scrub habitat when conditions facilitate 
population expansion, such as during rainy periods.  Oli-
goryzomys also appears to favor moister habitats (both 
fog forest and aguadas), as does O. lunatus.  Because these 
species may disappear from our thorn-scrub trapping grids 
for months at a time, we consider these to be opportunis-
tic residents. Further information on these species and the 
broader structure of our research program may be found in 
Armas et al. (2016b).

Small mammal abundances.  Small mammals have been 
surveyed monthly on 16 to 20 replicate plots allocated 
to 4 to 6 experimental treatments that include selective 
exclusion of predators or subsets of the small mammal 
assemblage (Kelt et al. 2013; Meserve et al. 2016). For the 
purposes of this study we only use data from four control 
plots that have not been subjected to any biological exclu-
sion through the duration of the study.  All plots are 75 
x 75 m in area, and control plots are encircled with a low 
fence (ca. 0.6 m) using “chicken-wire” (2.5 cm hexagonal 
mesh) to which we facilitate access by all small mammals 
by cutting 5 cm dia. holes at 5-m intervals (Meserve et al. 
1993).  Each plot includes a 5 x 5 trapping grid, with 15-m 
spacing between stations.  Monthly surveys comprise four 
consecutive nights and days using 50 large Sherman-type 
live traps (10.5 x 11.3 x 30.5 cm; two traps per station).  All 
captured animals are identified to species and uniquely 
marked with numbered eartags or leg bands.  All field 
efforts meet criteria established by the American Society 
of Mammalogists (Sikes and the Animal Care and Use Com-
mittee of the American Society of Mammalogists 2016) 
and have been approved by Institutional Animal Care and 
Use Committees at our respective institutions.  

We used the superpopulation model (Schwarz and Arna-
son 1996; Williams et al. 2002) to estimate population size 
for small mammal species occurring on our control grids (n 

= 4) from December 1990 through August 2013.  To match 
seasonal dynamics at Fray Jorge we calculated mean values 
over 3-month periods (Summer, Dec to Feb; Fall, Mar to May; 
Winter, Jun to Aug; Spring, Sep to Nov.), although in some 
presentations we employ 6-month periods (reproductive, 
Sep to Feb; non-reproductive, Mar to Aug; hence, reproduc-
tive season “R1990” would span September 1990 through 
February 1991).  Demographic modeling was conducted in 
Program MARK (White and Burnham 1999) using the RMark 
package (Laake 2013) for the R computing environment (R 
Core Team 2024), as detailed in Kelt et al. (in prep).

Numerical responses by Culpeo.  To assess Culpeo activ-
ity at our site we established three olfactory lines (21 scent 
stations each, approximately 100-m intervals) among 
the small mammal trapping plots (Previtali et al. 2009).  
Each station consisted of a ca. 1 m dia. plot of sifted and 
smoothed sand that was cleared of vegetation.  We sur-
veyed for fox activity ≥2 days per month by placing a 
cotton-wrapped stick soaked in predator lure (Bobcat #1 
lure; Cronk’s Outdoor Supplies, Wiscasset, Maine, USA) in 
the center of each station.  Following Previtali et al. (2009) 
we estimated fox activity as the number of scent stations 
visited (based on scratch marks, tracks, removed lure, etc.) 
during the first two days of olfactory surveys.  Data were 
tabulated in 3-month windows for comparison with small 
mammal population estimates. 

Culpeo diet.  Culpeo scat have been collected monthly 
at our site since March 1989.  Scat are collected in the Que-
brada de las Vacas where all of our small mammal censuses 
were conducted.  As noted by Jaksic et al. (1992), deterio-
ration over a single month is trivial in this arid region, and 
sampling on established routes ensured that sampling 
intensity remained approximately equal in all months.  
After drying, scat were physically separated and all items 
identified by trained technicians, using a dissecting micro-
scope as needed.  For animal prey other than lagomorphs, 
we determined the minimum number of individuals of 
each taxon on the basis of identifiable structures (e. g., 
mandibles, crania, antennae, wings, etc.).  Most lagomorph 
remains consisted of bone fragments and occasional teeth, 
effectively precluding estimation of the number of individ-
uals in a given scat.

We tested for seasonal differences in diet (reproductive 
vs. non-reproductive) for basic dietary groups (mammals, 
birds, etc.) using t-tests.  The only groups suggesting sea-
sonal differences were ectothermic (reptiles) or partially 
migratory (birds); because these are minor elements of 
the diet of Culpeos (representing, on average, 6 and 5 %, 
respectively, of prey remains in seasonal surveys) and we 
lack estimates of actual densities for comparison against 
frequency of consumption, we omit these groups from fur-
ther consideration.  Because small mammals dominate the 
diet (see Results) and because we have contemporaneous 
estimates of population density, we restrict our attention to 
these prey items in most of the following analyses.
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We calculated basic descriptive parameters for each 
seasonal diet sample.  These included proportion of items 
comprising key species, number of scat sampled, and three 
metrics of diet composition – diet breadth, diet diversity, 
and diet evenness.  Following Jaksic et al. (1992, 1993) 
diet breadth was calculated as B = 1 ⁄ ∑pi

2  where pi is the 
proportional representation of prey item i in the diet dur-
ing a given time period.  With n diet categories, B ranges 
between 1 and n, and provides an index of resource use 
that is independent of relative availability (Feinsinger et al. 
1981).  We calculated diversity with the Shannon diversity 
index (H'= ∑pi [ln(pi)] which ranges from 0 to ln(S) where S 
= the number of species present (Magurran 1988). Finally, 
evenness was calculated as E = H’/ln(S).  E ranges from 0 to 
1, with higher values reflecting increased numerical simi-
larity across categories (Magurran 1988).  We applied these 
metrics at two scales of analysis, first assessing general pat-
terns of consumption across broad trophic categories (e. g., 
mammal, bird, etc.) and subsequently assessing consump-
tion by different species of small mammals (both with and 
without invasive lagomorphs, see below).  

We characterize prey species as “selected” when their 
frequency in scat samples (see Supplementary material 
Table S2) exceeded their relative abundance based on live 
trapping, and as “avoided” or “negatively selected” when 
the frequency in scat was less than their relative abundance 
based on live trapping (see Supplementary material Table 
S3).  We conservatively tested for significant deviation from 
random variation with a binomial test of the number of 
periods in which ratios of selection or avoidance were ≥1.5.

Non-native lagomorphs.  European Hares and European 
Rabbits have been present in mediterranean Chile for 
decades (Camus et al. 2008; Jaksic and Castro 2014), but 
neither was markedly abundant at Fray Jorge until about 
2003, following three sequential years of above-normal 
rainfall and a distemper outbreak that greatly reduced 
the Culpeo population (Moreira and Stutzin 2005; Acosta 
Jamett 2010).  Once Culpeo numbers declined, both spe-
cies of lagomorphs became notably abundant, but this was 
particularly true for Oryctolagus.  Fox numbers rebounded 
in subsequent years (DAK, pers. obs.), but because of the 
increase in lagomorph remains in fox scat in several years 
(e. g., 2003 to '07, 2011) we calculate diet breadth and diver-
sity both with and without lagomorphs.  

Lagomorphs typically are surveyed with live-trapping or 
distance sampling methods (e. g., Palomares 2001).  Unfor-
tunately, European Hares and European Rabbits are not 
readily live-trapped, and extensive efforts with distance 
methods have proven fruitless at this site, where high shrub 
cover (>50 %) limits visibility, and even nocturnal spotlight-
ing efforts yield very few individuals.  Therefore, in 2008 we 
established a series of 54 pellet-count stations (cf. Murray et 
al. 2002) to obtain standard indices of lagomorph numbers.  
Each station consists of a 1-m circular area cleared of veg-
etation and existing pellets.  We placed a stake at the center 
of each station and at ca. 6-mo intervals (generally August 

and February/March) we counted and removed all pellets 
present.  This interval conformed to the timing of site vis-
its by the principal investigators.  Although pellets of adult 
Lepus are readily distinguished from those of adult Oryc-
tolagus, variation in pellet size reflecting the size and age 
of the animal precluded separate metrics for each taxon; 
instead, we present a single metric of lagomorph activity, 
although field observations make it clear that Oryctolagus 
is much more abundant than Lepus.

In 2011 we established a second effort to survey lago-
morphs, consisting of 21 stations at ca. 500-m intervals 
along the only dirt road in our study site.  At each station 
we cleared vegetation and sifted fine soil over two ca. 1.5-m 
dia. circular plots located 3 to 5 m apart.  At the center of 
each plot we placed a single Petri dish filled with approxi-
mately 2 to 5 mm plaster of Paris.  Upon placement, we 
added about 4 to 5 drops of scent, consisting of either mint 
or carrot extract (one of each at every station) dissolved 
in propylene glycol to inhibit evaporation.  Stations were 
smoothed with a fine brush, and dishes placed in the eve-
ning, and checked early in the morning for tracks or pellets.  
We surveyed stations for four consecutive nights, replacing 
scent each evening.  With 8 ½ years of data for both survey 
methods, total pellet counts (excluding the extreme high 
value from each season) and olfactory plot visits exhibit very 
high correlation (F1,15 = 12.15, P = 0.0033), although there 
remains noise in these data (adjusted R2 = 0.41).  While nei-
ther metric can be tied to actual lagomorph numbers, the 
agreement between these independent assays suggests 
that they provide a useful index of lagomorph abundance.

Functional and numerical response.  We follow Jaksic et al. 
(1996, 1997) in assessing numerical responses by Culpeos 
to variation in small mammal abundance by regressing the 
abundance of foxes (as inferred from olfactory lines; Previ-
tali et al. 2009) against small mammal population density 
(on control plots).  Theory predicts a counter-clockwise 
trajectory of data in such a bivariate plot; as small mam-
mal numbers (x axis) increase, at some point consumption 
by foxes (y axis) should increase, and this pattern should 
reverse as small mammal numbers decline.  Such patterns 
frequently are challenging to quantify, however, given large 
interannual variation in prey abundances.

We assessed functional responses to variation in small 
mammal prey items in two ways.  First, we characterized 
patterns of prey consumption by comparing consumption 
of different small mammal species and associated dietary 
metrics (breadth, diversity, evenness) as functions both of 
sample sizes (number of scat analyzed) and of prey popu-
lation size.  Second, we plotted our best estimate of per 
capita consumption (e. g., the mean minimum number 
of prey items per scat) against population size across 45 
6-month sampling periods.  We characterized Type I, II, 
and III functional responses with linear, quadratic, and sig-
moidal non-linear regression, respectively, which we com-
pared against a null model corresponding to a constant 
value of the mean number of prey items consumed across 



112    THERYA     Vol. 16 (1): 107-124

COMPONENTS OF PREDATION IN CULPEO FOX

all prey densities.  We compared regression models with 
Akaike’s Information Criterion corrected for small sample 
size (AICc), and considered models to be competitive if 
they had Akaike differences (ΔAICc) ≤ 2.0 and relatively 
high Akaike weights (wi).

Results
Temporal patterns in small mammal numbers and Culpeo 
activity.  Small mammal populations have fluctuated greatly 
over time and generally are strongly influenced by rainfall 
(Meserve et al. 2016; Figure 1).  The greatest numerical 
changes were documented for Abrothrix olivacea, Octodon 
degus, and Phyllotis darwini, with lesser changes by most 
other species.  Culpeo activity at our site, as measured by 
the number of olfactory stations visited, varied over the 
duration of our study, and generally increased during and 
after rainy periods (Figure 1), but in general these data 
suggest that fox activity fluctuated substantially around a 
long-term mean (ca. 170 station visits monthly) through 
the study period.

Culpeo dietary selectivity.  We analyzed 4,769 scats col-
lected over 23 years (Supplementary material Figure S1, 
Table S1).  These contained ≥8,297 individual animal prey 
items, 5,128 (61.8 %) of which were mammals, 468 (5.6 %) 
birds, 373 (4.5 %) reptiles, and 2,328 (28.1 %) invertebrates.  
It is clear, however, that mammalian prey were both the 
dominant and most consistent food consumed; arthropods 
comprised significant components of the diet only in about 
12 of 46 6-month periods (Figure 2a), and their biomass 
contributions were substantially less than that of small 

mammals.  We also tallied 261,703 seeds (Figure 2b), sup-
porting earlier observations that Culpeo consume consid-
erable fruit (Jaksic et al. 1992; Castro et al. 1994), although 
these appear to be somewhat sporadic in occurrence in 
scats (Figure 2b).

Because we have data on both use (consumption) and 
availability (control grids) of small mammals we are able 
to assess selectivity of these prey by foxes.  The propor-
tional representation of seven species of small mammals 
was relatively invariant across both the number of scat col-
lected (one metric of fox activity; Figure 2c) and total small 
mammal abundance (an index of prey availability; Figure 
2e), although these data indicate clearly that Abrocoma 
and Octodon comprise the majority of mammalian food 
items consumed by Culpeos (Figure 2c, 2e).  Three dietary 
metrics (breadth, diversity, evenness) exhibited trivial varia-
tion with respect to the number of scat sampled (Figure 
2d), and while all three varied significantly as a function of 
small mammal population size (Figure 2f ), they explained 
less than one-third of the variance in the available data.  
Perhaps most notably, Culpeo diet breadth regressed posi-
tively on small mammal population size; Culpeos tended 
to eat fewer species when prey populations were low, and 
more species when these populations were high.  The rela-
tive contribution of lagomorphs is more difficult to assess, 
because we lack estimates of their abundance for most of 
the study period, and the number of items in scat do not 
necessarily represent separate individuals.  However, Figure 
2a suggests that lagomorphs have become more common 
in Culpeo diets since about 2003.

Figure 1.  Estimated population sizes for small mammals on four control trapping grids over 23 years at Fray Jorge.  Triangles and dashed lines indicate the number of olfactory sta-
tions visited by Culpeo (Lycalopex culpaeus) in 6-mo periods from December 1990 through August 2008 (except the first bar which represents only three months of observation (Dec. to 
Feb.), and NR1994 which is missing data for June 1994). NR = period of non-reproductive activity (e. g., NR1991 = Mar. to Aug. 1991); R = period of small mammal reproduction (e. g., R1991 
= Sep. 1991 to Feb. 1992).  Periods of high rainfall are indicated with gray shading.
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Figure 2.  General dietary composition for Culpeo (Lycalopex culpaeus) across 23 years at Fray Jorge, Chile.  (a) Seeds are present in the diet sporadically and in highly variable numbers 
(note the log axis).  (b) Culpeo emphasize small mammals in their diet even as small mammal numbers vary greatly (cf. Figure 1).  Lagomorphs have increased in representation since about 
2002.  Other taxa are consumed more opportunistically over time.  The proportional composition of small mammal remains in Culpeo scat is invariant across (c, d) variation in number of 
scat sampled (as one metric of fox abundance or activity) or (e, f ) the number of individual mammals in scat (as an index of small mammal population sizes).  Panels d and f present metrics 
pertaining to panels c and e, respectively; linear regressions in d are non-significant (all P > 0.45), those in f are all significant (all P < 0.005).  Panels c through f do not include lagomorphs.
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Seasonal analysis of Culpeo diet provides greater reso-
lution of prey selectivity (Figure 3).  Most species of small 
mammals were consumed in greater proportion to their 
availability during some seasons and in lesser proportions 
in others.  The only species consistently over-represented 
was the large herbivorous Abrocoma; this species was posi-
tively selected in 44 of 46 6-month seasons (Figure 3a, b).  In 
contrast, A. olivacea, Oligoryzomys, Phyllotis, and Thylamys 
all were better represented in our monthly surveys than 
they were in Culpeo scat, therefore being selected against 

in most seasons, and selected for in just zero or one sea-
son each.  In contrast, both O. degus and A. longipilis were 
selected for and against at roughly similar rates (11 and 13 
seasons for the former, seven and five for the latter).

For those species that were positively selected, selectiv-
ity was greatest when those species were low in abundance 
(Figure 3, green symbols in right panels).  There was some 
indication of similar patterns for avoidance (e. g., Octodon 
and Phyllotis, for example; red symbols) but this was less 
consistent than the pattern for positive selection.

Figure 3.  Selectivity of seven species of small mammals in the diet of Culpeo (Lycalopex culpaeus) across 23 years at Fray Jorge, Chile.  Black vertical bars present population estimates 
calculated over 6-mo periods, while green and red vertical bars represent selection and avoidance, respectively, of these species in the same periods.  Scatterplots to the right show se-
lectivities as a function of population estimates for each small mammal species; dashed gray line reflects zero selectivity, and values presented are the number of positive and negative 
selectivity values >1.5 and associated probabilities in a binomial test (see Supplementary material Table S4).
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Numerical responses.  Using all data points (n = 101 
3-month periods; Figure 4a) fox activity is only mod-
estly associated with small mammal abundances (linear 
regression, P = 0.10) and the relationship explains little 
variation (R2 = 0.026) and has a very low slope (β = 0.021).  
However, of interest here is whether these data tend 
to comprise counter-clockwise cycles, with predators 
responding positively to higher small mammal popula-
tions, and negatively to lower populations.  When these 
data are partitioned into sequential multi-year cycles the 

results are suggestive, although temporally variable as 
one might expect given interannual heterogeneity at this 
site (e. g., rainy versus dry years).  However, in most cycles 
the data generally follow the expected counter-clock-
wise trajectory (Figures 4b-g).  Years when this pattern is 
less clear (e. g., 2004 to 09, 2009 to 13) are relatively dry 
years in which small mammal abundances remained rela-
tively low; under such conditions one would not expect 
substantial demographic response by Culpeos, and this 
was observed.

Figure 4.  Numerical response of Culpeo (Lycalopex culpaeus) to temporal variation in small mammal populations across 23 years at Fray Jorge, Chile.  The first panel presents all time 
periods (101 3-mo periods), while subsequent panels highlight separate multi-year cycles suggestive of prey tracking by Culpeo (e. g., variably counter-clockwise trajectories).  Note that 
the x-axes in panels e through g have been adjusted to illustrate patterns during cycles with relatively low small mammal population.  Red arrows illustrate the trajectory of data points 
(large circle indicates starting point for each panel).  A similar analysis with 6-mo windows increases the fit to the data (linear regression, F1,44 = 10.62, P = 0.0022) but the explanatory power 
remains low (R2 = 0.19).
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Functional responses.  Whereas proportional consump-
tion of broad trophic categories as well as different small 
mammal species in scat samples is effectively invariant 
across both Culpeo and small mammal abundance (Fig-
ure 2), per capita consumption of small mammals clearly 
increases with availability (Figure 5).  This observation 
rejects our hypothesis of no functional response, leaving 
open the question of the nature of the functional response 
(e. g., Type I, II, or III).  Perhaps surprisingly, the available 
data are not explained better by any of these models; AICc 
values are not greatly different, such that Akaike weights 
(wi) decline from 0.39 to 0.28 across these three models, 
and evidence ratios reaffirm the lack of a single dominant 
model (Table 1).  Similarly, the variation explained by these 
models ranges from 20 % (Type I) to 25% (Type III).

We reject a Type I functional response, both because 
the data suggest a clear threshold in per capita consump-
tion (Figure 5) and because handling time, stomach capac-
ity, and digestive physiology all would be expected to limit 
consumption at some level of prey availability.  Our data 
appear insufficient to distinguish between a Type II and 
Type III model, although Occam’s Razor would encourage 
acceptance of the less complex Type II model.  As such, we 
interpret these data to suggest a weak Type II functional 
response with an apparent asymptote above a population 
density of about 100 individuals (Figure 5).  

Influence of non-native lagomorphs.  Non-native lago-
morphs were consumed by Culpeos throughout our 
study, but their representation in scat increased modestly 
in 1997 and then markedly in 2003 (Figure 6).  Consump-
tion subsequently declined but then increased again after 
mid-2011.  Overall, however, relative to small mammals, 
lagomorphs remain minor diet elements, and summary 
statistics (diet breadth, H’, evenness) do not vary notably 
when lagomorphs are incorporated (data not shown).  
Although data remain limited, a regression of the abun-
dance of lagomorphs in Culpeo scat on five years of 
lagomorph pellet count data (an estimate of lagomorph 
abundance) are suggestive of a positive association, but 
this remains nonsignificant (F1,9 = 3.24, P = 0.11, R2 = 0.26; 
Figure 6).

Table 1.  Regression of consumption of small mammals by Culpeo (Lycalopex cul-
paeus) against estimated population size across all small mammals at Fray Jorge, Chile.  
Although we assume that foxes satiate (stomach size is finite so consumption should as-
ymptote) we applied linear, polynomial, and sigmoidal regressions as estimates of Type 
I, Type II, and Type III functional responses, respectively.  A null (intercept) model was 
employed for comparison against a lack of any functional response.  All models were 
compared using Akaike’s Information Criterion (AICc) and Akaike weights (wi).

Order Model R2 AICc ∆AICc wi

Type I y = 0.517 + 2.07 × 10-3 (x) 0.202 -106.637 0 0.389

Type II y = 0.379 + 5.3 × 10-3 (x) -1.24 × 10-5 (x2) 0.237 -106.296 0.341 0.328

Type III y = 0.99 ⁄ (1 + e - (x - 62.17)/20.73) 0.247 -105.997 0.641 0.283

Null y = 0.723 -52.570 54.067 7x10-13

Figure 5.  Per capita consumption of small mammals (mean number of individuals per scat) by Culpeo (Lycalopex culpaeus) as a function of estimated population size in 6-month 
periods over 23 years at Fray Jorge, Chile.  Type I, II, and III regressions provide similar representation of these data (∆AICc = 0.34 and 0.64 for the latter two models; see Table 1 for regression 
results).  The principle of parsimony would argue for the simpler model, whereas foraging ecology (e. g., handling time, finite stomach and digestive capacity) suggests that foxes must 
satiate at some level of prey density; in combination, these arguments suggest that a Type II functional response best expresses Culpeo foraging on small mammals.
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Discussion
Culpeos are facultative specialists.  In the face of extensive 
variation in availability of prey, Culpeos maintain a diverse 
diet, but small mammals remained the foundation of this 
diet over the 23-years of this study.  Moreover, Culpeos are 
highly selective, consuming Abrocoma bennettii dispropor-
tionately in all months of study, and varying in the extent 
of preference for, or avoidance of, Octodon degus, relative 
to their contribution to local assemblages.  Reflecting ear-
lier work at this site, Culpeo appear to avoid Phyllotis, but 
unlike earlier studies they also avoided A. olivacea and the 
sole marsupial at our site, Thylamys.  Phyllotis and Thylamys 
are largely nocturnal, and A. olivacea ranges from nocturnal 
to crepuscular to even diurnal, likely as a function of abun-
dance and associated resource availability.  Culpeos are 
labile foragers and are capable of foraging at any hour of 
the day, evidently as a function of the availability of favored 
prey (Iriarte et al. 1989b; Johnson and Franklin 1994) as 
well as human persecution. In Argentina, highland Peru, 
the Chilean desert and Magallanes, Culpeos are almost 
completely nocturnal (Crespo and de Carlo 1963; Crespo 
1975; Johnson 1992; Novaro 1997a, b). This contrasts with 
their largely diurnal activity patterns in north central Chile 
(Jiménez 1993; Salvatori et al. 1999), where Culpeos are pro-
tected. Hence the apparent avoidance of Phyllotis, A. oliva-
cea, and Thylamys may reflect the largely nocturnal habits 
of these species at Fray Jorge.  Additionally, Thylamys is an 
insectivorous / frugivorous marsupial and may simply be 
unpalatable; they have a distinct odor (frequently notable 
to field workers while animals are still in a closed trap) and 
when handled they often defecate very moist and some-
what noxious scat.  Finally, it is worth noting that all three of 
these species are relatively small and would provide limited 
resources on an individual basis.

Avoidance of nocturnal species, though, contrasts 
with the clear preference for Abrocoma, which is generally 
nocturnal in our study area.  However, this species also is 
the largest rodent in our study area, and while relatively 
uncommon on our study grids, our data on availability 
of Abrocoma likely reflect underestimates as this species 
appears to be more abundant in more mesic aguada habi-
tats located near the study plots (Milstead et al. 2007, DAK 
pers. obs.).  Further work is needed to better characterize 
both the spatial patterns of abundance of this species, and 
its temporal patterns of activity.

We do not fully understand the mixed responses to 
Degus, which are diurnal, highly social, relatively abundant 
at Fray Jorge, and among the larger prey items available 
there.  Degus generally are thought to be a favored prey 
of Culpeos (Meserve et al. 1987; Iriarte et al. 1989b), and 
this species is the second most common small mammal in 
Culpeo scat (Figure 2c, e).  At our study site, however, we 
found no evidence that Culpeos preferentially fed on Degus 
more than expected by random chance, with no apparent 
relation to prey abundance except at the very highest den-
sities (Figure 3h).

Neither Oligoryzomys nor A. longipilis appear to be 
important elements of Culpeo diets at Fray Jorge, and nei-
ther species was selected or avoided by Culpeos in our 
study; as noted earlier, however, both of these species are 
more characteristic of other habitats at Fray Jorge (Milstead 
et al. 2007; Meserve et al. 2016), and so our estimates of 
availability may be biased.

As a generality, Culpeos are opportunistic and solitary 
predators, but they exhibit a highly variable diet, both spa-
tially and temporally (Jiménez and Novaro 2004; Guntiñas 
et al. 2017; Guntiñas et al. 2021; Lozano et al. 2024).  Principal 
prey range from wild ungulates to domestic sheep, native 
and introduced lagomorphs, and small mammals; gener-
ally, other vertebrates (lizards, birds) and insects make up 
a small component of Culpeo diet, although insects may 
be locally or seasonally important (Correa and Roa 2005).  
In Argentine Patagonia, Culpeos selected among rodent 
species for those that may be more vulnerable (Corley et 
al. 1995).  Culpeos in central Chile select the largest small 
mammals available (Meserve et al. 1987; Iriarte et al. 1989b; 
Jaksic et al. 1993).  Culpeos have been considered trophi-
cally restricted (e. g., strict carnivores, near-insectivore, or 
generally frugivorous—Iriarte et al. 1989b; Cornejo and 
Jimenez 2001; Guzmán-Sandoval et al. 2007, respectively), 
or as a highly plastic predator capable of capitalizing on 
a broad range of resources (Jaksic et al. 1993; Castro et 
al. 1994; Johnson and Franklin 1994).  Integrating across 
studies, Guntiñas et al. (2017; see also Guntiñas et al. 2021; 
Lozano et al. 2024) have argued that Culpeos are faculta-
tive specialists, presumably with local preferences reflect-
ing optimal foraging strategies.  Ours are the first data to 
support such a characterization over an extended period.

These foraging characteristics resemble those of many 
other medium-sized canids.  Coyotes (Canis latrans) are 
opportunistic, generalist predators that eat a variety of food 
items, typically consuming items in relation to changes 
in availability.  Coyotes may adjust activity patterns sea-
sonally or in response to human disturbance or persecu-
tion (Kitchen et al. 2000), as observed for Culpeos.  Simi-
larly, Black-backed and Side-striped jackals (Lupulella 
adusta) are opportunistic and omnivorous predators 
and scavengers whose diet varies according to food avail-
ability (Atkinson et al. 2002; Loveridge and Macdonald 2002, 
2003; Sillero-Zubiri et al. 2004; Skinner and Chimimba 2005; 
Sillero-Zubiri 2009).  Red Fox (Vulpes vulpes) are adaptable 
and opportunistic omnivores, with a diet ranging from 
invertebrates (e. g., earthworms and beetles) to mammals 
and birds (including game birds), and fruit.  They also scav-
enge in rural areas.  Also similar to Culpeos, Red Fox forage 
mainly during nocturnal and crepuscular periods, although 
they are more diurnal where undisturbed (Macdonald and 
Reynolds 2004).

Culpeo foxes exhibit both numerical and functional 
responses.  Culpeo foxes occur in a wide variety of habitats 
over a large geographic range (see Introduction).  Such a 
large range would suggest trophic flexibility, and as out-
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Figure 6. The importance of invasive lagomorphs (Lepus europaeus and Oryctolagus cuniculus) in the diet of Culpeo (Lycalopex culpaeus) became apparent in 2003 (a), following three 
sequential rainy years and a 2002 outbreak of canid distemper that killed an undetermined portion of the local fox population (Moreira and Stutzin 2005, Acosta Jamett 2010).  The number 
of small mammals (b) fluctuated temporally but did not covary (positively or negatively) with that of lagomorphs.  Triangular symbols in panel c present the mean number of lagomorph 
pellets tallied on standardized stations from 2008 through 2013 (see methods).

lined above, this species is known to be a generalist forager 
and to capitalize on diverse foods, ranging from fruits and 
seeds to insects, small vertebrates, and carrion.  In general, 
however, Culpeos favor small mammals (Lozano et al. 2024), 
and within this group they often forage selectively, favoring 
some species over others (e. g., Jaksic et al. 1992, 1993, this 
study), and while other studies have demonstrated numeri-
cal responses to variation in key prey species, this is the 

first to document functional responses.  At Las Chinchillas 
National Reserve, located in the Andean foothills less than 
100 km from Fray Jorge, Jaksic et al. (1992) showed that 
the diet of Culpeos and Chillas continued to emphasize A. 
bennettii and O. degus through an irruption of A. olivacea 
and P. darwini; foxes there consumed the latter two species 
in proportion to availability.  In earlier work at Fray Jorge, 
Culpeos “showed strong prey preferences for some mam-
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malian species [most notably, Abrocoma], regardless of 
their abundance in the field, and thus failed to display func-
tional responses” (Jaksic et al. 1993:305).  After an irruption 
of small mammals following ENSO-associated rains in 1991, 
Culpeos at Fray Jorge “appeared to select O. degus” (Jaksic 
et al. 1997:346).  These studies were based on limited time 
series, however, and discrepancies with results presented 
here (using over two decades of data) support a caveat by 
Jaksic et al. (1996:252) “that short-term studies of species 
assemblages be used cautiously.”

Numerical responses to variation in small mammal abun-
dance are clear from our data (Figures 1 and, 4).  What is 
novel here, however, is the demonstration of a Type II func-
tional response as well (Table 1, Figure 5).  Culpeos show 
a clear increase in per capita consumption as prey popu-
lation sizes increase (Table 1, Figure 5).  Further work will 
be needed to clarify how this response varies across prey 
species, but data from both Fray Jorge and Las Chinchillas 
suggest that Culpeos are likely to select Abrocoma and O. 
degus, although data presented here suggest that the lat-
ter may be abundant in the diet of Culpeos merely because 
they are abundant in the landscape.  As noted above, these 
are two of the largest species of rodents in the region, and 
therefore should provide the greatest energetic value.

A generalist predator would be expected to exhibit 
functional responses to variation in other prey as well (e. g., 
non-mammalian prey).  Our data support such a conjecture, 
as the proportion of non-mammalian prey in some years (e. 
g., 1990 to 91, 1994 to 96, 1999 to 2002, 2004, 2006 to 11) 
increases markedly (Figure 2b), and even seed consump-
tion (Figure 2a) varies notably over time.  These functional 
responses are more difficult to characterize, however, as we 
lack data on availability for these food items, and diagnos-
tic characteristics often do not appear in scat.  However, it 
appears that the generalist Culpeo, like many other small 
canids, readily diversifies its diet under in the face of varia-
tion in food availability.

The role of spatial heterogeneity.  While our research on 
small mammal assemblages (and hence our estimates of 
prey availability) is restricted largely to thorn scrub habi-
tat, Fray Jorge includes other distinct habitats as well, and 
these appear to serve as source habitats for some small 
mammal species (Milstead et al. 2007).  Perhaps most nota-
bly, moist habitat occurs where the water table remains 
high enough to support mesic vegetation (e. g., agua-
das, which occur at the bottom of valleys), and coastal 
fog deposits sufficient moisture on higher elevations 
of coastal ranges (e. g., the Altos de Talinay) to support 
patches of forest reminiscent of Valdivian rainforest of 
south-central Chile (Villagrán et al. 2004, Squeo et al. 2016).  
The former habitat appears to be key for species such as O. 
longicaudatus and likely Abrocoma, whereas the latter is a 
source for both A. longipilis and O. longicaudatus, both of 
which “spill over” to our study plots in thorn scrub during 
wet years when source populations experience growth 
(Milstead et al. 2007).  

A second species of Octodon also occurs in moister 
habitats in Fray Jorge and merits further consideration; O. 
lunatus is the second largest small mammal at Fray Jorge, 
so we assume it would be favored when available.  We tal-
lied 101 individuals of O. lunatus in scat collected during 25 
of 46 seasons analyzed here (in contrast to 1,148 individuals 
of O. degus in 45 of 46 sessions), but we captured this spe-
cies in our monthly trapping efforts only in 11 seasons (and 
never in abundance), presumably reflecting habitat pref-
erences.  Ancillary trapping in aguada habitats supports a 
hypothesis that O. lunatus is more prevalent here than in 
thorn scrub (Milstead et al. 2007), but given the lack of data 
on availability we have excluded this species from analysis 
here.  Further efforts to characterize demographic patterns 
in these key habitats, and to tie these to predator behavior 
and foraging, would be highly instructive.  

Are foxes turning to lagomorphs?  Although lagomorphs 
have been present in Culpeo scat through most of our 
study, it is only since about 2003 that they have contrib-
uted substantially to scat composition (Figures 2 and 6).  
The increase in lagomorph remains in Culpeo scat in 2003 
to '07 followed both a series of high rainfall years (2000 to 
'02) and a 2002 to '03 outbreak of distemper in Culpeos at 
Fray Jorge, so it is difficult to determine which of these influ-
ences led to the apparent increase in consumption of lago-
morphs, although lagomorphs increased in prevalence at 
Las Chinchillas at about the same time (F. Jaksic pers. comm. 
to DAK, October 2016), suggesting that the elevated rainfall 
influenced lagomorph abundance regionally.  We initiated 
surveys of lagomorph activity in 2008 (symbols in Figure 
6a), and limited data since then are suggestive of a relation-
ship between lagomorph abundance and their presence 
in fox scat, although additional data are needed to resolve 
this association.  However, such a delayed response to the 
presence of invasive lagomorphs by Culpeos would reflect 
similar observations for Black-chested Buzzard Eagles 
(Geranoaetus melanoleucus—Pavez et al. 2010).  We predict 
that Culpeos will increase their consumption of invasive 
lagomorphs, especially the more abundant Oryctolagus, 
during years of high rabbit abundance or low small mam-
mal abundance.

More on the value of long-term data.  In the first decade 
of this project, Degus were positively selected by Culpeos 
in 15 of 22 6-mo periods (Figure 3). It was during this period 
that Jaksic et al. (1993) reported that Culpeos exhibited 
strong preferences for certain prey, and these preferences 
did not vary with fluctuations in different prey species, 
thereby displaying no functional response.  A slightly lon-
ger database allowed Jaksic et al. (1997) to document an 
apparent functional response, as Culpeos shifted from 
Abrocoma (which they generally favored) towards Degus as 
the latter increased in abundance.  

These earlier analyses were undertaken well before an 
apparent change in climatic patterns (ca. 2001/02) that led 
to local dominance by Degus (Meserve et al. 2011, 2016).  
From about 2001 through the period reported here (a 
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mega-drought—CR2 2015, Garreaud et al. 2020), Degus 
comprised 60 % or more of the small mammal biomass at 
Fray Jorge; oddly, throughout this time (e. g., since 2001NR 
in Figure 3g) Degus were negatively selected in all but 
four periods (e. g., 21 of 25 6-mo periods), representing an 
almost symmetrical pattern relative to that observed prior 
to this period, when Degus were consumed in excess of 
apparent availability.  This change may reflect the apparent 
increase in consumption of lagomorphs (compare Octodon 
selection in Figure 3g against the presence of lagomorphs 
in scats in Figures 2 and 6).  Regardless, it is presumably the 
increased resolution provided by the unusually long-term 
window of observation here that has allowed us to detect 
such a clear functional response to changes in small mam-
mal numbers.  Further work is needed to dissect this func-
tional response among component small mammal species.
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