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The global loss of top predators has led to widespread changes in food webs. In Patagonia, it is hypothesized that
local extirpations of terrestrial predators, including the puma (Puma concolor), has led to the expansion of
Magellanic penguin (Spheniscus magellanicus) colonies across the Atlantic coast of Argentina. Interestingly, more
recent wildlife conservation efforts in the region have led to an unexpected trophic link between pumas and
penguins. Here, we used a camera trap array to assess this novel predator-prey relationship between pumas and
penguins in Monte Ledn National Park (MLNP) over a three-month period. Pumas were detected 12.5 times more
than any other mammalian predator and were detected on 95% of the days during our study period. We also
observed 28 individual events of pumas preying upon penguins. Our work demonstrates a strong linkage between
the marine and terrestrial ecosystem at MLNP. Puma predation of penguins may have widespread ecological
implications including effects on puma and penguin abundance, changes in puma social behavior, and inter-
specific competition among other prey items and carnivores in the park. We propose hypotheses and questions to

investigate these potential outcomes.

Human activities around the world are fundamentally restructuring
ecosystems by changing trophic interactions through the introduction of
invasive species, the extirpation of predators, habitat loss, and climate
change. One of the most pervasive impacts is the extirpation of apex
predators, which has extensively altered food webs through changes to
species distribution and abundance of herbivores and autotrophs (Estes
et al., 2011; Terborgh et al., 2010). Therefore, restoring functional
populations of apex predators may entail re-establishing populations
into food webs that have undergone substantial ecological changes
(Stier et al., 2016; Terborgh et al., 2010).

The Patagonian steppe was inhabited by abundant populations of
two medium-sized herbivores including guanaco (Lama guanicoe) and
lesser rhea (Rhea pennanta), and their predator, the puma (Puma con-
color). Following European colonization, herbivore numbers declined,
and were replaced by sheep across much of the steppe (Walker and
Novaro, 2010). In addition, predators, including pumas and foxes
(Lycalopex culpaeus and L. griseus), were extensively removed to protect
livestock. Local eradications of mainland predators is hypothesized to
have triggered the expansion of Magellanic penguin (Spheniscus

* Corresponding author.
E-mail address: mitchell serota@berkeley.edu (M.W. Serota).

https://doi.org/10.1016/j.fooweb.2023.e00290

magellanicus) colonies across the Atlantic coast of Argentina (Borboroglu
and Boersma, 2013; Cruz et al., 2014). Indeed, recent archaeological and
paleontological studies suggest that until the eighteenth century, pen-
guin colonies were primarily restricted to offshore islands (Cruz et al.,
2014). The Monte Leén ranch, a sheep ranch along the southern
Argentinian coast, was home to a large breeding colony of Magellanic
penguins. This ranch was donated to Argentinean Park Service in 2004.
Shortly after Monte Le6n National Park (MLNP) was created, penguin
remains were found in puma scats (Zanon Martinez et al., 2012). Still,
the extent and magnitude of this novel predator-prey relationship re-
mains unknown.

Here, we document puma, and other predators, use of the penguin
colony at MLNP. We deployed 20 Browning Strike Force HD cameras
and RECONYX HyperFire 2 cameras separated by 200 m within the
penguin colony (Fig. 1). For each species, we defined independent de-
tections as photographs separated by at least 30 min. We report on the
detections of all mammalian predators (n = 410) from January 15th,
2021, through April 15th, 2021, which represents nearly half of the
penguin breeding season.
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Fig. 1. Site map showing camera station locations within the penguin colony of
Monte Leén National Park (50°06’S; 68°54'W). Camera locations border the
extent of the penguin colony. The inset map shows the extent of the park with
the red rectangle indicating the location of the penguin colony. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

We surveyed the penguin colony at MLNP for a total of 1800 camera
trap nights. Pumas used the penguin colony extensively and were
detected 12.5 times (n = 373; detection rate = 0.21) more than any other
predator (Fig. 2). Foxes were the next most detected mammalian pred-
ator at 30 detections (detection rate = 0.02) followed by skunks, (Con-
epatus humboldtii), (n = 5; detection rate < 0.01) and armadillos,
(Chaetophractus villosus), (n = 2; detection rate < 0.01). Pumas were
detected on 95% of the nights (n = 86) during our study period. Further,
we observed 28 events of pumas preying upon penguins (Fig. 3). Most
puma detections (n = 312) were of unmarked individuals, while 62
detections were from 5 radio-collared individuals. Here, we lay out
questions and hypotheses regarding this predator-prey relationship.

Predation by pumas is expected to have population-level conse-
quences for Magellanic penguins. However, despite predation by pumas,
recent surveys by the park have suggested that the penguin population is
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increasing, with over 40,000 breeding pairs (Millones et al., 2022).
Additionally, penguin population dynamics may be influenced by
changes in oceanographic conditions, immigration from other pop-
ulations, and commercial fishing to name a few (Borboroglu and
Boersma, 2013). Still, predation of penguins by pumas at the park is a
new phenomenon and population effects may occur on a longer
timescale.

Puma predation of penguins links the terrestrial and marine
ecosystem at MLNP, and species interactions that couple ecosystems can
have cross-boundary biodiversity effects (Polis et al., 1997). Cross-
boundary interactions can subsidize populations and elicit strong nu-
merical and behavioral responses for the consumer (Luskin et al., 2017).
Marine subsidies (i.e., the movement of nutrients from sea to land) have
led to high densities of second level consumers like bears (Ursus arctos),
coyotes (Canis latrans), and jaguars (Panthera onca) (Egbert and Stokes,
2014; Eriksson et al., 2022; Rose and Polis, 1998). A recent review of
puma densities across their range concluded that the 95th percentile of
puma density was 3.64 independent pumas/100 km? (Murphy et al.,
2022). In just a 2 km stretch of coastline, we recorded at least 6 indi-
vidual pumas. The penguin colony appears to support a high density of
pumas, but the extent remains unknown.

A numerical response in pumas, however, may ultimately be
dependent on their behavioral plasticity. Historically, pumas are
thought to be territorial carnivores with minimal overlap with other
conspecifics. Recent research, however, shows a more adaptive sociality
that allows conspecifics to overlap in areas with high prey density
(Elbroch and Quigley, 2017; Elborch et al., 2017). Although the penguin
colony at MLNP has abundant prey, it is spatially constrained and much
smaller than a typical puma home range (Borrajo et al., 2016). There-
fore, flexibility in sociality may determine the number of pumas that are
able to utilize this resource.

The predation of penguins may have an indirect effect on other prey
species like guanacos, rheas, and exotic European hares (Lepus euro-
paeus) through apparent competition or apparent mutualism. Apparent
competition may occur if puma predation on penguins leads to an in-
crease in puma abundance and increased predation on other prey.
Alternatively, the penguin colony may temporarily satiate the puma
population, leading to apparent mutualism where the predation of
penguins has no negative impact on other prey.
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Fig. 2. Detections of medium and large mammalian predators in the penguin colony at Monte Le6n National Park, Argentina, from January 15th, 2021, to April

15th, 2021.
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Fig. 3. Pumas captured on our camera traps consuming Magellanic penguins in
Monte Leén National Park, Argentina.

An increase in either the puma population or space use near the
penguin colony may impact mesopredators at different spatial scales. An
increase in puma numbers could affect mesopredators at the landscape
level, whereas intense space use near the penguin colony may result in a
local suppression of mesopredator activity (Diaz-Ruiz et al., 2020; Prugh
et al., 2009). Our camera data suggests very little usage of the penguin
colony by other mammalian predators (Fig. 2). Still, the influence of
penguins as a resource on interspecific competitive interactions remains
unanswered.

The predation of penguins in the park increases the amount of pen-
guin carrion that is theoretically available to scavengers, like both fox
species. However, our preliminary observations suggest that avian
scavengers like kelp gulls (Larus dominicanus), southern giant petrels
(Macronectes giganteus), and Chilean skuas (Stercorarius chilensis) domi-
nate this carrion. Further, an increase in predation of penguins may
reduce the availability of guanaco carrion, which can be a significant
proportion of fox diet in the region (Johnson and Franklin, 1994).
However, to what extent puma predation of penguins impacts carrion
provisioning dynamics to all these facultative scavengers remains
unknown.

Finally, the hypothesized effects of a novel linkage between pumas
and penguins may be mediated by the seasonality of this interaction.
Magellanic penguins are migratory and only present in MLNP from
September through April. Therefore, the behavioral and numerical
response of pumas and their impact on alternative prey and competitors
may fluctuate seasonally.

Our results suggest that human activities on the coastal regions of
Argentina have created a novel linkage between terrestrial and marine
ecosystems through puma predation on penguins. The potential out-
comes of this interaction are numerous; however, its effects are yet to be
determined.
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