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ABSTRACT

The puma (Puma concolor) is a top predator, known for its adaptability and opportunistic behavior.
This study examines its diet in the highlands of the Tarapaca Region (Chile) based on fecal samples
collected during two field campaigns conducted in July 2012 and January 2013 (a total of 60 days),
aiming to determine the presence of domestic livestock in its diet and assess its preference compared
to wildlife. A total of fifteen food items were identified, with the alpaca (Vicugna pacos) as the prima-
ry prey, representing 47 % of the relative biomass. In second place, lamb (Ovis orientalis) contributed
16 % of the total consumed biomass. Applying the Ivlev preference index, the results indicate a stronger
selection for wildlife over domestic livestock. Although the puma’s diet is diverse, as documented in North
America and southern Chile, the highland puma of Tarapaca exhibits a specialization in artiodactyls.

Keywords: alpaca (Vicugna pacos), ecology, relative biomass, predation.

RESUMEN

El puma (Puma concolor) es un depredador tope, reconocido por su adaptabilidad y comportamiento
oportunista. Este estudio analiza su dieta en el altiplano de la Regi6on de Tarapaca (Chile) a partir de
muestras fecales recolectadas en dos campaifias de terreno realizadas en julio de 2012 y enero de 2013
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B INTRODUCTION

Top predators play a fundamental role in maintaining
healthy ecosystems by having the ability to modify the
population number, behavior, and structure of prey com-
munities (Bergstrom 2017). Puma concolor (Linnaeus,
1771) is considered an adaptable and opportunistic top
predator (Logan and Sweanor 2024). For North America,
artiodactyls usually make up more than 50 % of their diet
(Guerisoli et al. 2021). In South America, it has been de-
scribed that the importance in the diet of the artiodactyl
puma is less, as the consumption of smaller prey increases
(Pacheco et al. 2004, Ferndndez and Baldi 2014, Guerisoli
et al. 2021).

It is indicated that in the extreme north of Chile (Arica and
Parinacota region) the main food item corresponds to ar-
tiodactyls (Jury 2016). In the central mountain range, it
is described that the diet is based almost exclusively on
lagomorphs (Osorio et al. 2020). Rau and Jiménez (2002)
reported that most of the puma’s diet corresponds to the
European hare (Lepus europaeus Pallas, 1778), followed
by pudt (Pudu puda Molina, 1782), rodents, and birds in
the rainforests of southern Chile. In contrast, in the south-
ernmost part of the country, it has been described that ar-
tiodactyls account for 47% of the total biomass consumed
by the puma (Fernandez and Baldi 2014).

The highlands of the Tarapacé region present a significant
variety of wildlife and there is an important presence of
livestock maintained by Aymara communities, this being
one of their main economic activities in the area (Oliveira

(60 dias en total), con el objetivo de determinar la presencia de ganado doméstico en su alimentaciéon
y evaluar su preferencia frente a la fauna silvestre. Se identificaron quince items alimenticios, donde la
alpaca (Vicugna pacos) fue la presa principal, representando el 47 % de la biomasa relativa. En segun-
do lugar, el cordero (Ovis orientalis) aport6 16 % de la biomasa total consumida. Al aplicar el indice de
preferencia de Ivlev, los resultados indican una mayor seleccion por la fauna silvestre sobre el ganado
doméstico. Aunque su dieta es variada, como se ha documentado en Norteamérica y el sur de Chile, el
puma altiplanico de Tarapaci demuestra una especializacion en artiodactilos.

Palabras clave: alpaca (Vicugna pacos), ecologia, oferta de presas, biomasa relativa

and Pereira 2014, INE 2022). Livestock loss is the great-
est source of conflict between humans and wild carnivores,
and in some cases has caused loss of their historic range
and local carnivore extinctions (Palmeira et al. 2015). Al-
though it is true that the indigenous communities of the
highlands have lived with the puma for centuries, the
protection that this predator currently has accentuated
the conflict, since they believe that these measures have
caused an increase in the puma population (Oliveira and
Pereira 2014).

Alternatively, the progressive abandonment due to emi-
gration from the highlands to the cities may have led to a
greater perception of the conflict, due to the fact that con-
trol over the herds has been gradually lost and most of the
causes of death are attributed to the puma (De Lucca 2010).

In the high Andean ecosystems of the Tarapaca region, the
puma encounters a diversity of prey, including both wild-
life and domestic livestock. The coexistence of this predator
with local communities has generated increasing conflict,
as livestock farming remains one of the primary economic
activities in the area. However, previous studies have sug-
gested that large felines may exhibit preferences for certain
types of prey depending on their availability and accessibil-
ity. In this context, it is crucial to determine the extent to
which pumas select domestic livestock over wildlife.

The objective of this study is to analyze the diet of the
puma in the highlands of the Tarapaca region through the
examination of feces collected throughout the year 2012,
aiming to identify the presence of domestic livestock as a



food item. Additionally, the study evaluates whether the
puma demonstrates a preference for domestic livestock
compared to the available wildlife.

l MATERIALS AND METHODS

The study area was located in the highlands of the ex-
treme north of Chile, in the Tarapac4 region. Specifical-
ly, from north to south it includes an axis that goes from
the Parasijo wetland (19°3’0,65 South, 68°53’20 West) to
the Michincha salt flat (20°59’31 South, 68°33’10 West),
over 3500 m to the border with Bolivia, which represents
12 997 km?2.

According to Kéeppen (Fatindez 2015) the study area de-
velops two types of climates:

a) Marginal high-altitude desert: Between 3500 and
4000 m, with average annual temperatures that fluctu-
ate between 0° and 10° C.

b) High-altitude steppe: Between 4000 and 5000 meters
above sea level, with average annual temperatures that
fluctuate between -5° and 5° C.

Rainfall oscillates between 250 and 300 mm per year, con-
centrating in the months of December to March and grad-
ually decreasing towards the south, which is reflected in
a longitudinal impoverishment of floristic richness (Hen-
riquez 2013, Castro and Verdugo 2014, Fatindez 2015, Bo-
nacic et al. 2015, Chavez et al. 2023).

The vegetation is present in azonal patterns associated
with water resources. Shrubs and herbs predominate, nor-
mally not exceeding one meter in height. Among the char-
acteristic plant species, the shrub known as tola (Baccha-
ris tola Phil.) and paja brava (Festuca orthophylla Pilg.)
stand out. In areas where water runoff is constant, there
are rushes and grasses, highlighting pako (Oxychloe andi-
na Phil.), junco (Scirpus atacamensis (Phil.) Buchenau),
paco hembra (Distichia muscoides Nees & Meyen), puc-
inella (Puccinellia frigida (Phil.) Parodi), arenaria (Are-
naria rivularis Phil.), and pasto salado (Distichlis humilis
(Phil.) Hicken) (Fatindez 2015, Biganzoli et al. 2022). The
bofedales correspond to high-altitude wetlands, typically
found in arid and cold environments, with a permanent
water supply. These can be divided according to rainfall
abundance: the Bolivian and Peruvian Altiplano corre-
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spond to the humid puna, while the Chilean and Argentine
Altiplano correspond to the dry puna (Castro and Verdugo
2014, Izquierdo et al. 2018). Consequently, the dry matter
productivity in wetlands varies geographically. Thus, for
Chile (Arica and Parinacota Region), it has been calcu-
lated at 1860 kg/ha, and for Peru (Puno Department) at
2040 kg/ha (Izquierdo et al. 2018, Turin 2019).

Regarding fauna, there is a significant variety of wild spe-
cies, with important areas of concentration being the Islu-
ga Volcano National Park and the Salar de Huasco Nation-
al Park (Nuafiez et al. 1988). Among the most represent-
ative species are suri (Pterocnemia pennata d’Orbigny,
1834), puna tinamou (Tinamotis pentlandii Vigors, 1837),
Chilean flamingo (Phoenicopterus chilensis Molina, 1782),
vicufia (Vicugna vicugna Linnaeus, 1758), culpeo fox (Ly-
calopex culpaeus Molina, 1782), puna chingue (Conepa-
tus rex Thomas, 1898), Andean cat (Leopardus jacobita
Cornalia, 1865) and puma (Puma concolor) (Nuafiez et al.
1988, Bonacic et al. 2015). For the altiplanic communes
of the Tarapaca region, livestock was made up of llamas
(Lama glama Linnaeus, 1758), alpacas (Vicugna pacos Lin-
naeus, 1758), lambs (Ovis orientalis Gmelin, 1774) and don-
keys (Equus asinus Heuglin & Fitzinger, 1866) (INE 2022).

During field campaigns conducted in July 2012 and Jan-
uary 2013 (a total of 60 days), puma feces were collected
and identified using published reference guides, consider-
ing their size, morphology, and location (Fig. 1). The sam-
ples were georeferenced and stored in paper bags for sub-
sequent laboratory analysis (Chame 2003, Marquez and
Goldstein 2014, Alibhai et al. 2017, Osorio et al. 2020).

Based on the literature, a list of potential prey present in
the area was made, which was used as a reference for the
future comparison of hair, feathers, and bone remains
(Table 1).

Once in the laboratory, the samples were heated to 70°C us-
ing an industrial gas oven for three hours, ensuring proper
drying. Subsequently, they were submerged in soapy wa-
ter for at least 24 hours to loosen organic residues. After
this period, the samples were thoroughly washed using
fine mesh strainers appropriate for laboratory analysis,
ensuring the removal of remaining debris. Finally, they
were subjected again to 70°C in the industrial gas oven
for two to three hours to complete the dehydration pro-
cess (Osorio et al. 2020). For the microscopic description
of the hair, photographs of the medulla-bark pattern and



Leichtle et al, 2025. Caldasia 47:e115971

the scale pattern imprinted on a layer of enamel were tak-
en using a Samsung ES10 digital camera (Chehébar and
Martin 1989). The dental pieces were identified based on
published keys (Reise 1973, Fernandez et al. 2011, Elbroch
and Wittmer 2013, Duclos et al. 2024). Samples in which
species identification was not possible were discarded
from the analysis (Osorio et al. 2020).

The results are presented as:

Percent Occurrence (PO): Number of times a specific item
(prey) was identified as a percentage of all items found.
Indicator of the relative frequency with which each item is
consumed (Castillo et al. 2020).

Relative biomass (BR): This variable indicates in a correct
manner the percentage of the carnivore diet that a particu-
lar prey represents as a percentage of the total biomass
consumed.

The Ackerman equation corrects the frequency of occur-
rence by a “Y” factor for the case of prey with an average
body weight greater than one kilogram. This variable indi-

cates in a correct way the percentage of the carnivore diet
that a particular prey represents as a percentage of the
total biomass consumed. The consumed biomass whose
average weight is greater than one kilogram is calculated
using the following formula:

BMi = FOi « (1.98 + 0 .35X1)

Where: BMi is the contribution of item i to the consumed
biomass, FOi is the frequency of occurrence of item i and
Xi is the average weight in kg of an individual of item i.

Food items weighing less than one kilogram are calculated
with the following formula:

BMi=FOi« X1i

Where: BMi is the contribution of item i to the consumed
biomass, FOi is the frequency of occurrence of item 7 and
Xi is the average weight in kg of an individual of item i.

The relative biomass of each item is calculated using the
following formula:

Figure 1. Puma feces on the vegetation (Baccharis tola Phil.), in the areas bordering the Arabilla lagoon, Isluga Volcano National Park.
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Table 1. List of potential prey species for the puma in the study area (NUfez et al. 1988, Bonacic et al. 2015).

Coss | Oder | species

Mammalia Carnivora

Leopardus colocolo (Molina, 1782)

Leopardus jacobita (Cornalia, 1865)

Lycalopex culpaeus (Molina, 1782)
Galictis cuja (Molina, 1782)
Conepatus rex (Thomas, 1898)

Artiodactyla

Lama glama (Linnaeus, 1758)

Vicugna vicugna (Linnaeus, 1758)

Vicugna pacos (Linnaeus, 1758)
Ovis orientalis (Gmelin, 1774)
Equus asinus (Heuglin & Fitzinger, 1866)

Cingulata

Rodentia

Lagomorpha
Aves Struthioniformes
Phoenicopteriformes

Anseriformes

Tinamiformes

Chaetophractus nationi (Thomas, 1894)
Lagidium viscacia (Molina, 1782)
Abrocoma cinerea (Thomas, 1919)
Eligmodontia puerulus (Philippi, 1896)
Auliscomys sublimis (Thomas, 1902)
Phyllotis darwini (Waterhouse, 1837)

Phyllotis xanthopygus (Waterhouse, 1837)

BM;
BRy=——
Yy BM;

Finally, the results obtained in diet were compared with
results from transects carried out in the same study area
(Leichtle 2013) in order to compare use (consumption) vs
availability, using the Ivlev preference index (Muhoz and
Simonetti 2013, Kalb et al. 2018, Geisa et al. 2018).

Ei=[r@)-p®1/[r @ + p@]

Where: r,: Quantity (proportion) of records in each type
of environment and p,: Proportion of camera traps in
each type of environment. Positive values indicate selec-
tion in favor of the item while negative values show rejec-
tion, considering -0.3 to 0.3 as indifference (Mufioz and
Simonetti, 2013).

B RESULTS

34 feces attributable to pumas were collected, none of
which were fresh. Once in the laboratory, nine of these
were discarded as they did not meet identification criteria.

Of the remaining 25, coming from six different locations
(Table 2), it was possible to identify fifteen different food
items, which were analyzed using the Ackerman equation
(Table 3).

In terms of relative biomass, the main food item corre-
sponds to the artiodactyl order, representing 76 % of it,
highlighting the presence of V. pacos with 47 % of the to-
tal relative biomass, while O. orientalis is in second place
with 16 %. The second order of importance as a food item
is made up of rodents, with a total relative biomass of
15.7 %, being the vizcacha (Lagidium viscacia Molina,
1782), with 13 % of total relative biomass, corresponding
to the most important rodent in the cougar diet. When cat-
egorizing the biomass consumed according to weight into
“large” (greater than 50 kg), “medium” (49 to 5 kg) and
“small” (less than 5 kg), 76 % is made up of animals in the
large category, not finding any food item in the “medium”
category.

When categorizing the biomass consumed into “domestic”
(domestic livestock) and “wild” (wild fauna), 71 % corre-

sponded to domestic livestock.
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Table 2. Species identified in feces collected in the study area.

A-01 Colchane Ancollo 4035 513387 7871867  Vicugna pacos

A-02 Colchane Aravilla 4115 516582 7875942  Lagidium viscacia

A-03 Colchane Ancollo 4085 513157 7872661  Vicugna pacos

A-04 Colchane Ancollo 4056 513490 7872811  Vicugnha pacos

A-06 Colchane Ancollo 4034 513991 7871613  Vicugna pacos

A-07 Colchane Angostura 4080 518062 7875360  Vicugna pacos

A-08 Colchane Angostura 4080 518062 7875360  Abrocoma cinerea, Phyllotis sp
A-09 Colchane  Angostura 4080 518062 7875360 éﬁg‘gfg'%‘égi’,.’;;ejéﬂm’O“S P
A-10 Colchane Angostura 4080 518062 7875360  Pelecaniforme*

A-11 Colchane Angostura 4080 518062 7875360  Vicugna pacos

A-12 Colchane Angostura 4091 518052 7875379  Tinamiforme, Pelecaliforme*
A-13 Colchane Angostura 4091 518052 7875379  Phyllotis sp.

A-14 Colchane Angostura 4091 518052 7875379  Lagidium viscacia, Anseriforme*
A-15 Colchane Ancollo 4100 513392 7871863  Liolaemus sp

A-16 Colchane Ancollo 4100 513392 7871863  Owvis orientalis, Lagidium viscacia
A-17 Colchane Aravilla 4105 518062 7875360  roedor sp

B-01 Pica Sillajuay 4715 534719 7811400  Thylamys pallidior, Akodon sp.
B-02 Pica Sillajuay 4703 534725 7811494  Owvis orientalis, Lagidium viscacia
B-03 Pica Sillajuay 4715 534719 7811400  Lagidium viscacia

B-04 Pica Cancosa 3929 541760 7803556  Ovis orientalis

B-05 Pica Sillajuay 4703 534725 7877494  Vicugna pacos, Galictis cuja
N-01 Colchane Ancollo 4026 514170 7871480  Vicugna vicugna

N-03 Colchane Cariquima 3747 537116 7851424  Eligmondontia puerulus

N-04 Colchane Ancollo 4023 514143 7871478 Lamaglama

N-06 Colchane Ancollo 4070 514060 7871514  Vicugna pacos
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Table 3. Calculation of relative biomass of prey consumed by puma in the highlands of the Tarapaca region.

Bird*

Pelecaniforme 2 4% 0,55 14,0 %
Tinamiforme 1 2% 0,7 0,9%
Anseriforme 1 2% 2.06 2,7 %
Mammal

Artiodactyl

Vicugna pacos 8 17% 4,43 47,0%
Vicugna vicugna 1 2% 3,73 49%
Lama glama 1 2% 6,53 8,6 %
Ovis orientalis 3 6% 4,08 16,0 %
Carnivora

Galictia cuja 1 2% 2,06 2,7%
Marsupial

Thylamys pallidior 1 2% 0,02 0,0%
Rodent

Lagidium viscacia 5 10% 2,03 13,0%
Abrocoma cinerea 2 4% 0,24 0,6 %
Eligmodontia puerulus 2 4% 0,02 0,1%
Auliscomys sublimis 1 2% 0,03 0,1%
Galenomys garleppi 1 2% 0,05 0,1%
Phyllotis darwini 1 2% 0,05 0,1%
Phyllotis xanthopygus 1 2% 0,05 0,1%
Phyllotis sp. 4 8% 0,05 0,20 %
Unidentified 9 19% 0,04 04 %
Reptiles

Lialoemus sp. 1 2% 0,0%

*In the case of birds, it was only possible to identify species up to the order category.

Using the Ivlev preference index, the results of dietary  erence for the vizcacha (1.0), followed by vicuna (0.64),
preference obtained in depositions were compared with  birds (0.61), alpaca (0.53) and lamb (0.48), while showing
the availability of prey observed through transects as kg  rejection for the llama (- 0.80) (Table 4).

of biomass (Leichtle 2013). The results indicate a pref-
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Table 4. lvlev preference index for puma diet in the highlands of the Tarapaca region.

% Biomass diet Frequency (pi) Availca%bility Ivlev preference index

Bird 51% 0,05 0,0025 1,2 0,61
Vicugna pacos 47,0 % 0,47 0,2209 14,3 0,53
Vicugna vicugna 4,9% 0,049 0,002401 1,1 0,64
Lama glama 8,60 % 0,086 0,007396 77,0 -0,80
Ovis orientalis 16 % 0,16 0,0256 56 0,48
Longidium viscacia 13% 0,13 0,0169 0,0 1,0

Others 540% 0,05 0,0025 0,8 0,74

I DISCUSSION ence in the highlands of the Tarapaca Region. Therefore,

The most consumed prey items by pumas do not neces-
sarily correspond to the most abundant ones, reaffirming
their selective behavior and suggesting consumption de-
cisions based on factors such as prey size, accessibility,
and vulnerability (Kalb et al. 2018). The analysis of 25 fe-
cal samples identified a trophic niche composed of fifteen
food items, a higher number than previously reported for
central and southern Chile (Elbroch and Wittmer 2013,
Osorio et al. 2020). This may be attributed to the faunal
richness of the Tarapaca highlands and the diverse availa-
bility of both wild and domestic prey.

Within the rodent group, a notable difference was observed
between L. viscacia, which accounted for 13 % of the rela-
tive biomass, and other rodent species, whose individual
contributions did not exceed 1 %. This pattern is compa-
rable to that documented by Rau and Jiménez (2002) for
southern Chile, where Myocastor coypus (Molina, 1782)
showed a significantly greater contribution to the puma’s
diet compared to cricetid species. Such a difference can be
explained by the selection of larger prey, as rodents like
the vizcacha and other caviomorphs exceed 2—3 kg, where-
as cricetids rarely surpass 100 g (Pessino et al. 2001).

In this context, the absence of Chinchilla chinchilla
(Lichtenstein, 1829) in the results is consistent with expec-
tations. Although it was historically distributed in north-
ern Chile, there are currently no reliable records of its pres-

its absence in this study aligns with its extremely restricted
distribution and critically endangered conservation status
(Valladares et al. 2018).

Regarding artiodactyls, pumas show a clear preference
for large-sized prey. V. pacos accounted for 47 % of the
relative biomass consumed, followed by O.orientalis with
16 %. Despite L. glama being the most abundant in terms
of availability (77 %), the Ivlev preference index indicates a
marked avoidance (-0.80). This finding is especially note-
worthy when compared to the study by Villalobos Aguirre
(2008) in the Parinacota Province, where pumas showed
a strong preference for V. vicugna over domestic species.
In the present study, the proportion of vicufias consumed
was low (4.9 % of the relative biomass), which may be
explained by their low local abundance in Tarapaca, as
95 % of the national population is located in the Arica and
Parinacota Region (Arzamendia and Vil4 2015).

It is also worth noting that, although both vicufias and lla-
mas were detected, no guanacos (Lama guanicoe Miiller,
1776) were recorded—another wild camelid that might be
expected in high Andean ecosystems. This absence could
be due to their low local density, a more southern distri-
bution, or a preference for lower altitudes, where climatic
conditions and vegetation availability are more favorable.
This altitudinal difference limits the possibility of compar-
ison with this species, despite its ecological and conserva-
tion relevance.



This pattern suggests that, although pumas do consume
domestic livestock, this does not necessarily indicate ac-
tive preference, but rather an opportunistic response to
available resources. The gradual abandonment of tradi-
tional herding by Aymara communities has resulted in
unsupervised livestock, making them more susceptible to
predation. Additionally, the loss of anti-predatory behav-
iors in domestic llamas and alpacas, due to domestication,
could explain the multiple-animal attacks documented in
other studies (Miller and Schmitz 2019).

Finally, it is acknowledged that the sample size (n = 25)
limits the generalization of the results and reduces the
capacity to detect rare prey items. Despite the field effort
invested, factors such as low puma density, extreme cli-
matic conditions, and natural decomposition of feces com-
plicated their detection. Therefore, it is recommended that
future studies increase sampling effort both spatially and
temporally and incorporate complementary methods such
as camera traps, genetic analysis of feces, or stable isotope
studies.

| CONCLUSIONS

The trophic analysis of pumas in the highlands of the
Tarapaca Region confirms their tendency to specialize in
large-bodied prey, particularly artiodactyls, consistent
with patterns observed in other parts of Chile and the
Americas. Despite the presence of a wide variety of poten-
tial prey, including both wild and domestic species, pumas
exhibited selective feeding behavior rather than opportun-
istic consumption based solely on availability.

Although domestic livestock was present in the diet, this
appears to be a consequence of its abundance and vulnera-
bility rather than a true dietary preference. Factors such as
the abandonment of traditional herding practices and the
reduced anti-predatory behavior of domestic species likely
facilitate these predation events.

These findings underscore the importance of considering
ecological, behavioral, and socio-cultural contexts when
evaluating human-wildlife conflicts. They also highlight
the need to strengthen coexistence strategies and promote
responsible livestock management in areas where large
carnivores persist.

Leichtle et al, 2025. Caldasia 47:e115971
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