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The harpy eagle (Harpia harpyja) is one of the main predators of arboreal mammals in the neotropics, affecting
the ecology and behaviour these species. Knowledge of harpy eagle diets across their geographical range is
patchy, the ability of harpy eagles to adapt to changing habitats is still open to question. The three main species
in the diet of harpy eagles nesting at Tambopata were porcupines (Coendou sp.) (n = 7) howler monkeys
(Alouatta sara) (n = 6) and two-toed sloths (Choloepus didactylus) (n = 4), all species that do well in disturbed
forests. We conclude that harpy eagles can reproduce in secondary forests, feeding on abundant disturbance-
tolerant species, if they themselves are not hunted and their nesting trees are conserved. Harpy eagle nests
have a high value for tourism, and strategies that allow landowners to benefit from harpy eagles nesting on
their property through revenues from tourism may be instrumental in incentivising the conservation of forests
and emergent trees, and the regeneration of forests in anthropogenic landscapes.

© 2020 Published by Elsevier Inc.
The harpy eagle (Harpia harpyja) is the heaviest eagle on the planet.
Historically, it inhabited a wide range of lowland forests and forest en-
claves at altitudes of 0 to 800 m, from the forests of southern Mexico
to northeast Argentina (Miranda et al., 2019; Vargas-González et al.,
2006). Globally, the harpy eagle is considered Near Threatened
(Sarasola et al., 2018). It has been extirpated from habitats across
Mexico and Central America and populations have decreased in South
America due to the destruction, fragmentation and degradation of for-
ests (Banhos et al., 2016; Miranda et al., 2019). Deforestation clearly
limits the range of harpy eagles, while selective logging of the emergent
trees that they breed in and the shortage of prey animals due to hunting
may also reduce breeding potential (Giudice et al., 2007; Luz, 2005). Ad-
ditionally, direct persecution may contribute to population declines in
some areas (Trinca et al., 2008).
nstitute, Waterfront Building,
Breeding success in raptorswill ultimately dependon the availability
of suitable nest sites and the eagles' success in finding and capturing
prey. Harpy eagles use firm forks to build their nests, and large eagles
typically select emergent trees that are separated from others by posi-
tion and height (Giudice et al., 2007; Luz, 2005). These requirements
may mean that they are dependent on a few emergent species in Ama-
zonian forests, such as Dipteryx micrantha and Ceiba pentandra, and to a
lesser extent trees like the Brazil nut tree Bertholletia excelsawhich have
a more restricted range (Miranda et al., 2020; Thomas et al., 2014). The
density of prey species is thought to affect the eagles' breeding success
and ultimately distribution, and the breadth and flexibility in the diet
of harpy eagles will affect their density and breeding success in im-
pacted forests (Miranda, 2015). The first step in assessing harpy eagle
feeding ecology is to determine which species are preyed upon.We ex-
amined the diet of harpy eagles nesting at Refugio Amazonas, a site
where emergent trees are still abundant and eagles and their prey are
protected by tourism activities, butwhere historical hunting and habitat
degradation have created an impacted forest structure and mammalian
community.
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We focused on a single harpy eagle nest in Tambopata National
Reserve's ‘Buffer Zone’ (Fig. 1), near the Refugio Amazonas Lodge
(Rainforest Expeditions), and close to several small settlements. The
area around the nest is amatrix of forests of which 9 ha are regenerating
from clearance in 2000,while the rest of the forest, although historically
selectively logged for high value timber species, is relatively pristine,
with occasional emergent trees such as Dipteryx micrantha and Ceiba
pentandra, and areas of Brazil nut concession with frequent emergent
Brazil nut trees that are still managed for Brazil nut production by
local people. The area has not been hunted, logged or used for agricul-
ture or any other economic activity beside ecotourism and Brazil nut
harvesting since 2004. The areahas an apparently completemammalian
community, but the abundance of the larger primates, specifically spi-
der monkeys (Ateles chamek) is lower than at more remote sites up
the Tambopata River (Rosin and Swamy, 2013).

The harpy eagle nest was 25 m from the ground in a Dipteryx
micrantha tree, at the branching point of three major boughs. Al-
most directly below was a clay lick frequented mostly by mammals
such as peccaries (Tayassu pecari and Pecari tajacu), red brocket
Fig. 1. Location of the harpy eagle nest under study near Refugio Am
deer (Mazama americana), lowland tapir (Tapirus terrestris),
howler monkeys (Alouatta sara), and prehensile-tailed porcupines
(Coendou prehensilis).

As part of a citizen science program called Wired Amazon managed
by Rainforest Expeditions S.A.C., we observed the harpy eagle nest for
nine months, from shortly after hatching. Observations were made
using binoculars from the ground, and a remote surveillance camera
with telephoto zoom lens (Dahua PTZ 4MP 30×Network Dome IP Cam-
era) installed in a second Dipteryx micrantha tree, 30m from the nest at
a similar height. This camera sent a signal to a network video recorder
(NVR) and digital display at a hide below, where researchers and tour-
ists could view in real time. The system was powered by a solar panel
and battery system. Due to constraints of the battery and solar power
charging of the system, the camera was not recording continuously
each day, but because prey items were in the nest for extended periods,
we believe most larger prey items were detected within these periods.
In total, 995.49 h of recordings were made.

We recorded the diet of the eagles on a total of 143 days (Table 1). A
total of 53 kills were recorded. In 36 events, the sex of the bird bringing
azonas on the edge of the Tambopata National Reserve, Peru.



Table 1
Harpy Eagle nest monitoring period.

Start End Total (days) Nestling age

1st July 2017 12th July 2017 12 Hatchling
2nd Aug 2017 11th November 2017 101 Unfledged
28th November 2017 5th December 2017 9 Fledged
1st March 2018 21st March 2018 21 Fledged

Table 2
Frequency of prey items observed at a harpy eagle nest at Refugio Amazonas, Tambopata,
Peru.

Rank Species Common name Frequency Activity

1 Coendou spp. Tree porcupines 7 Nocturnal
2 Alouatta sara Red howler monkey 6 Diurnal
3 Choloepus didactylus Two-toed sloth 4 Nocturnal
4 Nasua nasua Coati 2 Diurnal
5 Saimiri boliviensis Bolivian black-capped

squirrel monkey
2 Diurnal

6 Tamandua
tetradactyla

Tamandua anteater 2 Cathemeral

7 Potos flavus Kinkajou 1 Nocturnal
8 Bassaricyon alleni Allen's Olingo 1 Nocturnal
9 Sapajus

macrocephalus
Large-headed capuchin
monkey

1 Diurnal

10 Cebus cuscinus Shock-headed capuchin
monkey

1 Diurnal

11 Eira barbara Tayra 1 Diurnal
Unidentified 25
n= 53

3M. Bowler et al. / Food Webs 24 (2020) e00154
the prey could be determined due to the larger size of the female
(Fig. 2.); the female was identified bringing prey 15 times, and the
male 21 times. When prey delivery was observed well enough to in-
spect the item brought, on 24 of 34 of occasions (71%) the preywas par-
tially consumed by the time it was brought to the nest.

The prey species could be identified for 28 kills (52.8%, Table 2). The
most common species were porcupines (Coendou sp.;.n = 7) of which
two species are present at the site; the prehensile-tailed porcupine
Coendou prehensilis and a much smaller dwarf porcupine (Coendou cf.
ichilus). Except when the chick was almost fully grown, porcupines
Fig. 2.Harpy eagleswith prey at the nest near Refugio Amazonas Lodge on the edge of the
Tambopata National Reserve, Peru. A. Female harpy eagle with red howler monkey
Alouatta sara. B. Male (left) harpy eagle bringing Bolivian black-capped squirrel monkey
Saimiri boliviensis to female. C. Female (left) harpy eagle with two-toed sloth Choloepus
didactylus and juvenile harpy eagle (right). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
were brought to the nest with most of the spines removed. Howler
monkeys (Alouatta sara) (n = 6) and two-toed sloths (Choloepus
didactylus) (n = 4) were the second and third most important species
respectively.

Parent birds brought prey to the eaglet until early 2019. Around
March 2019, the parent birds removed all the sticks from the nest,
while the young bird persisted in the vicinity. The young bird continued
to bring prey to the branching point where the nest had been at least
until August 2019. It is not clear if the young bird was catching its
own prey or being previsioned since no hunts or exchanges were
observed.

Rarefaction curves show that at least 25 samples are needed to iden-
tify the four main prey species of harpy eagles at a site (Miranda, 2015).
In our case three species tied for fourth place, so we are confident in
ranking the three main prey species at Refugio Amazonas. At other
sites, harpy eagles ate larger proportions of primates and sloths
(Miranda, 2015). Although most harpy eagles at other sites consumed
porcupines, they were only a main prey item in one other study,
which was also in the Tambopata National Reserve's ‘Buffer Zone’
(Piana, 2007). In common with most studies of harpy eagles to date
(see Miranda, 2018), the Refugio Amazonas nest was in a human-
modified landscape, dominated by old regrowth forest. Porcupines are
abundant in secondary forest (Chiarello, 1999), and are not hunted by
humans due to their strong odour (Emmons and Feer, 1997). Both the
two-toed sloth and the red howler monkey probably also benefit
where forest disturbance occurs and hunting is low (Lopes and Ferrari,
2000). Furthermore, the two-toed sloth is protected from hunting by
its cryptic and largely nocturnal habits (Superina et al., 2010) and
their low muscle to body mass ratio (Beebe, 1926; Endo et al., 2010;
Peres, 2000).

We concur with Miranda (2015) that the harpy eagle's apparently
opportunistic and adaptable diet enables them to live in impacted for-
ests, feeding on abundant disturbance-tolerant prey items. If harpy ea-
gles are indeed scarce outside expansive pristine areas, this may have
more to do with a lack of nest sites or direct persecution than with
changes to mammal communities (Muñiz-López et al., 2012; Vargas-
González et al., 2006). Refugio Amazonas has persisting emergent
Dipteryx micrantha and Ceiba pentandra nesting trees, but these are in-
creasingly rare in accessible parts of the Amazon (Asner et al., 2006;
Putzel, 2010). Harpy eagles are probably rarely persecuted in the local
area around Refugio Amazonas, due to their value to tourism. Else-
where, harpy eagles are killed to protect livestock (e.g. Brazil, Trinca
et al., 2008) or for food (Freitas et al., 2014; Rio Napo, Peru, M. Bowler
unpublished data).

Harpy eagles preyed mostly on canopy folivores, as shown in previ-
ous studies (Aguiar-Silva et al., 2014). Those are probably the species of
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greatest abundance in the canopy (Alho, 2011). Four nocturnal species
made up 34% of the diet of the harpy eagles, whichmay suggest noctur-
nal hunting. On the other hand, harpy eagles may prey on sleeping an-
imals during the day. Although porcupines often sleep in tree cavities,
porcupines and two-toed sloths can be found sleeping in the forks of
branches during the day (Emmons and Feer, 1997), where they are at
risk from diurnal predation by harpy eagles. Nocturnal, cavity sleeping
night monkeys (Aotus nigriceps), one of themost common primate spe-
cies in Amazonian forests and abundant at Refugio Amazonias (M.
Bowler unpublished data), were not recorded as prey. However, the
presence of strictly nocturnal kinkajou (Potos flavus) and olingo
(Bassaricyon alleni) in the diet, which sleep only in tree cavities, does
suggest that harpy eagles are able to hunt in very low light in the
early mornings or late evenings, and on bright full moon nights
(Miranda et al., 2020).

The adult harpy eagles taking sticks from their nest after their chick
had fledged is a behaviour that has been seen previously at other sites in
the region (E. Nycander unpublished data). It is possible the parent birds
were stimulating chick dispersal, removing the platform used to eat.
Harpy eagles are known to have alternative nests (Vargas-González
and Vargas, 2011), and have been recorded killing offspring unable or
unwilling to disperse (Muñiz-López, 2017). We speculate that the
birds may have used an alternative nest site, rather than push their off-
spring out of the nest (Muñiz-López, 2017; Urios et al., 2017).

Our study left 52.8% of prey unidentified compared to 16%with bone
collection (Izor, 1985) and 0% with direct observation (Touchton et al.,
2002). However, our camera was 30 m from the nest and level with it,
so prey items often quickly disappeared into the bowl of the nest before
identification could be confirmed. We recommend that monitoring
cameras are positioned more closely and looking down into the nest
in future studies, following Aguiar-Silva et al. (2017). Furthermore,
our methods produced data not usually obtained through using bone
collection exclusively, such as the parent individual delivering the
prey item. A combination of both methods may be useful in future
studies.

Harpy eagles can survive and thrive in secondary forests if not
hunted and their nesting trees are conserved. Harpy eagle nests in
Tambopata have a high value for tourism, leading to the protection of
them and their nesting trees (Hill and Hill, 2011). Strategies that further
allow landowners to benefit fromharpy eagles nesting on their property
through revenues from tourism, as described by (Miranda et al., 2020),
may be instrumental in incentivising the conservation and regeneration
of forests in anthropogenic landscapes.

Declaration of competing interest

None.

Acknowledgements

We thank all the staff and management of Rainforest Expeditions
S.A.C. for their participation in this work, and all the volunteers on the
Wired Amazon citizen science project at Refugio Amazonas in collabo-
ration with the Natural History Museum of San Marcos, Lima, Peru.
We thank all the guides at Rainforest Expeditions S.A.C. for their in-
sights, observations and enthusiastic participation in the project. We
thank Diego Balbuena for climbing when broken fingers kept us down.
We thank Brandon Barton, Michael Cove and one anonymous reviewer
for their helpful comments on the manuscript.

Funding

This project was funded by Rainforest Expeditions S.A.C. through
their Wired Amazon Research program, with support from the John
and Betty Moore Foundation, and the Government of Peru. Additional
equipment and personnel were provided by San Diego Zoo Global
through a post-doctoral research funding awarded to Mark Bowler.
Everton Miranda greatly appreciates the support of the following insti-
tutions: Rufford Small Grants Foundation (18743-1 and 23022-2),
Rainforest Biodiversity Group, IdeaWild, TheMamont Scholars Program
of the Explorer's Club Exploration Fund, Cleveland Metroparks Zoo, and
the SouthWild.com Conservation Travel System.

Permits

This research was conducted with the necessary permits from The
Peruvian Ministry for Protected Areas (SERNANP).

References

Aguiar-Silva, F., Sanaiotti, T., Luz, B., 2014. Food habits of the harpy eagle, a top predator
from the Amazonian rainforest canopy. J. Raptor Res. 48, 24–45.

Aguiar-Silva, F.H., Jaudoin, O., Sanaiotti, T.M., Seixas, G.H., Duleba, S., Martins, F.D., 2017.
Camera trapping at Harpy Eagle nests: interspecies interactions under predation
risk. Journal of Raptor Research 51, 72–78.

Alho, C., 2011. Environmental effects of hydropower reservoirs on wild mammals and
freshwater turtles in Amazonia: a review. Oecologia Aust 15, 593–604.

Asner, G., Knapp, D., Broadbent, E., Oliveira, P., Keller, M., Silva, J., 2006. Selective log-
ging in the Brazilian Amazon. Science (80-. ) 310, 483. https://doi.org/10.1126/
science.1118051.

Banhos, A., Hrbek, T., Sanaiotti, T.M., Farias, I.P., 2016. Reduction of genetic diversity of the
harpy eagle in Brazilian tropical forests. PLoS One 11, e0148902. https://doi.org/
10.1371/journal.pone.0148902.

Beebe,W., 1926. The three-toed sloth, Bradypus cucullinger cucullingerWagler. Zoologica
7, 1–67.

Chiarello, A., 1999. Effects of fragmentation of the Atlantic forest on mammal communi-
ties in South-Eastern Brazil. Biol. Conserv. 89, 71–82.

Emmons, L., Feer, F., 1997. Neotropical Rainforest Mammals: A Field Guide. University of
Chicago Press, Chicago.

Endo, W., Peres, C.A., Salas, E., Mori, S., Sanchez-Vega, J.L., Shepard, G.H., Pacheco, V., Yu,
D.W., 2010. Game vertebrate densities in hunted and nonhunted forest sites in
Manu National Park, Peru. Biotropica 42, 251–261.

Freitas, M.A., Lima, D.M., Gomes, F.B., 2014. Registro de abate de gaviões-reais biNHarpia
harpyjabi/N (Accipitridae) para consumo humano no Maranhão, Brasil. Atualidades
Ornitológicas 178, 12–15.

Giudice, R., Piana, R., Williams, M., 2007. Tree architecture as a determinant factor in nest-
tree selection by harpy eagles. In: Bildstein, K.L., Barber, D.R., Zimmerman, A. (Eds.),
Neotropical Raptors. Hawk Mountain Sanctuary, Orwigsburg, pp. 14–22.

Hill, J.L., Hill, R.A., 2011. Ecotourism in Amazonian Peru: uniting tourism, conservation and
community development. Geography 96, 75.

Izor, R., 1985. Sloths and other mammalian prey of the harpy eagle. In: Montgomery, G.
(Ed.), The Evolution and Ecology of Armadillos, Sloths, andVermilinguas. Smithsonian
Institution, Washington.

Lopes, M.A., Ferrari, S.F., 2000. Effects of human colonization on the abundance and diver-
sity of mammals in eastern Brazilian Amazonia. Conserv. Biol. 14, 1658–1665.

Luz, B.B. da, 2005. Características de árvores emergentes utilizadas por Gavião-real
(Harpia harpyja) para nidificação no centro e leste da Amazônia Brasileira.

Miranda, E.B.P., 2015. Conservation implications of harpy eagle Harpia harpyja predation
patterns. Endanger. Species Res. 29, 69–79. https://doi.org/10.3354/esr00700.

Miranda, E.B.P., 2018. Prey composition of harpy eagles (Harpia harpyja) in Raleighvallen,
Suriname. Trop. Conserv. Sci. 11, 1–8.

Miranda, E.B.P., Kenup, C.F., Campbell-Thompson, E., Vargas, F.H., Muela, A., Watson, R.,
Peres, C.A., Downs, C.T., 2020. High moon brightness and low ambient temperatures
affect sloth predation by harpy eagles. (accepted). Peer J. In press.

Miranda, E.B.P., Kenup, C.F., Munn, C.A., Huizinga, N., Lormand, N., Downs, C.T., et al., 2020.
Harpy Eagle nest activity patterns: potential ecotourism and conservation opportuni-
ties in the Amazon Forest. Bird Conservation International In press.

Miranda, E.B.P., Menezes, J.F.S., Farias, C.C., Munn, C., Peres, C.A., 2019. Species distribution
modeling reveals strongholds and potential reintroduction areas for the world’s larg-
est eagle. PLoS One 14, e0216323.

Miranda, E.B.P., Peres, C.A., Marini, M.Â., Downs, C.T., 2020. Harpy Eagle (Harpia harpyja)
nest tree selection: logging in Amazonian forests threatens Earth’s largest eagle. Biol.
Conserv. (In Press).

Muñiz-López, R., 2017. Harpy Eagle (Harpia harpyja) mortality in Ecuador. Stud. Neotrop.
Fauna Environ. 30, 1–5. https://doi.org/10.1080/01650521.2016.1276716.

Muñiz-López, R., Limiñana, R., Cortés, G., Urios, V., 2012. Movements of harpy eagles
Harpia harpyja during their first two years after hatching. Bird Study 59,
509–514.

Peres, C.A., 2000. Effects of subsistence hunting on vertebrate community structure in
Amazonian forests. Conserv. Biol. 14, 240–253. https://doi.org/10.1046/j.1523-
1739.2000.98485.x.

Piana, R., 2007. Anidamiento y dieta de biNHarpia harpyjabi/N Linnaeus en la Comunidad
Nativa de Infierno, Madre de Dios, Perú. Rev. Peru. Biol. 14, 135–138.

Putzel, L., 2010. The Tree that Held up the Forest: Shihuahuaco (Dipteryx Spp.) and the
Chinese Timber Trade. City University of New York.

Rosin, C., Swamy, V., 2013. Variable density responses of primate communities to hunting
pressure in a western Amazonian river basin. Neotrop. Primates 20, 25–31.

http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0005
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0005
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0010
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0010
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0015
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0015
https://doi.org/10.1126/science.1118051
https://doi.org/10.1126/science.1118051
https://doi.org/10.1371/journal.pone.0148902
https://doi.org/10.1371/journal.pone.0148902
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0030
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0030
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0035
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0035
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0040
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0040
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0045
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0045
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0050
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0055
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0055
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0055
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0060
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0060
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0065
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0065
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0065
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0070
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0070
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0075
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0075
https://doi.org/10.3354/esr00700
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0085
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0085
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf6000
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf6000
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf7895
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf7895
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0090
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0090
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0090
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0095
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0095
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0095
https://doi.org/10.1080/01650521.2016.1276716
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0105
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0105
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0105
https://doi.org/10.1046/j.1523-1739.2000.98485.x
https://doi.org/10.1046/j.1523-1739.2000.98485.x
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0115
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0120
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0120
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0125
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0125


5M. Bowler et al. / Food Webs 24 (2020) e00154
Sarasola, J.H., Grande, J.M., Bechard, M.J., 2018. Conservation status of neotropical raptors.
Birds of Prey. Springer, pp. 373–394.

Superina, M., Plese, T., Moraes-Barros, N., Abba, A.M., 2010. The 2010 sloth red list assess-
ment. Edentata 11, 115–134.

Thomas, E., Alcázar-Caicedo, C., Loo, J., Kindt, R., 2014. The distribution of the Brazil nut
(Bertholletia excelsa) through time: from range contraction in glacial refugia, over
human-mediated expansion, to anthropogenic climate change. Bol do Mus Para
Emílio Goeldi Ciências Nat 9, 267–291.

Touchton, J., Hsu, Y., Palleroni, A., 2002. Foraging ecology of reintroduced captive-bred
subadult harpy eagles (biNHarpia harpyjabi/N) on Barro Colorado Island, Panama.
Ornitol. Neotrop. 13, 365–379.
Trinca, C., Ferrari, S., Lees, A., 2008. Curiosity killed the bird: arbitrary hunting of harpy ea-
gles biNHarpia harpyjabi/N on an agricultural frontier in southern Brazilian Amazonia.
Cotinga 30, 12–15.

Urios, V., Muñiz-López, R., Vidal-Mateo, J., 2017. Juvenile dispersal of harpy eagles (Harpia
harpyja) in Ecuador. J. Raptor Res. 51, 439–445.

Vargas-González, J. de J., Vargas, F.H., 2011. Nesting density of harpy eagles in Darienwith
population size estimates for Panama. J. Raptor Res. 43, 199–210.

Vargas-González, J. de J., Whitacre, D., Mosquera, R., Albuquerque, J., Piana, R., Thiollay, J.-
M., Márquez, C., Sánchez, J.E., Lezama-López, M., Midence, S., Matola, S., Aguilar, S.,
Rettig, N., Sanaiotti, T.M., 2006. Estado y distribucion actual del aguila arpia (Harpia
harpyja) en Centro y Sur America. Ornitol. Neotrop. 17, 39–55.

http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0130
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0130
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0135
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0135
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0140
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0140
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0140
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0140
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0145
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0150
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0155
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0155
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0160
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0160
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0165
http://refhub.elsevier.com/S2352-2496(20)30014-8/rf0165

	Harpy eagles (Harpia harpyja) nesting at Refugio Amazonas, Tambopata, Peru feed on abundant disturbance-�tolerant species
	Declaration of competing interest
	Acknowledgements
	Funding
	Permits
	References




