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Facultative scavengers are important members of food webs that help shape trophic interactions. Unfortunately,
the role of facultative scavengers is underestimated, in part, because we have not fully documented what organ-
isms use carrion. As part of a scavenging project at La Selva Biological Station (Costa Rica), we observed bullet
ants (Paraponera clavata) tearing apart and removing mouse carcasses. Of our 202 deployed mouse carcasses,
we found bullet ants on 18 occasions. All of our bullet ant observations came from carcasses placed above-
ground level (on lianas and branches; n= 100), and themajority of these were in primary forest. To our knowl-
edge, this is the first report and description of bullet ants associating and removing carrion.We suspect that scav-
enging rates by bullet ants are likely higher than what we report here, and that bullet ants may be an important
component of the scavenging communities in Neotropical rainforests.

© 2020 Elsevier Inc. All rights reserved.
Scavenging is an important component of food webs that provides
various ecosystem functions and services (Beasley et al., 2015). The per-
sistence and fate of a carcass, which can lead to cascading ecological ef-
fects (Barton et al., 2013; Bump et al., 2009; Towne, 2000), is ultimately
determined by competitive interactions among an array of carrion-
consuming organisms. While scavenging is phylogenetically wide-
spread, we have limited data available on facultative scavengers
(Wilson and Wolkovich, 2011), hindering our understanding of these
crucial competitive interactions. In fact, facultative scavengers are
often more common than obligate scavengers, thus, it is important to
document and quantify facultative scavengers in various ecosystems
(Wilson and Wolkovich, 2011). Here, we report the first observations
of bullet ants (Paraponera clavata) associating with, and obtaining, ver-
tebrate carrion. These observations are timely because the general role
of ants on carrion, and their impact on decomposition and carcass re-
moval, is vastly understudied (Eubanks et al., 2019).

Bullet ants are large, Neotropical ants found throughout Central and
South America. Colonies can range in size between 200 and 3000 adult
workers (Dyer, 2002). Nests are typically located at the base of trees, al-
though arboreal nests do occur (Breed and Harrison, 1989). The ants
have foraging trails on the trees near their nests, and they search for
food in the understory and canopy (Dyer, 2002). Bullet ants have been
classified into various feeding guilds, and diet studies show that they
are generalist predators (Wilson, 1971), nectarivores (Hermann,
1975), and herbivores (Breed and Bennett, 1985). Janzen and Carroll
(1983) suggested that bullet ants may also be scavengers.

Diet composition for bullet ants can vary regionally and in human-
modified habitats, but nectar and prey are important components of
their diets (McGee and Eaton, 2014; Dyer, 2002; Young and Hermann,
1980). For example, Dyer (2002) quantified themean proportion of for-
aging items returned to bullet ant nests in La Selva Biological Station and
in Barro Colorado Island, and found that 46–50% and 3.6%–9.3% of ants
returned with nectar and prey items, respectively. Diet studies have
helped describe the frequency of foraging items in bullet ant colonies
(McGee and Eaton, 2014; Dyer, 2002; Young and Hermann, 1980),
and the importance of this species as a top-down control for herbivory
in the tropics (Dyer, 2002). However, these studies have not elucidated
their potential role as scavengers because diet studies typically focus on
documenting items brought to the nests, and are unable to distinguish if
the original source of these items is from prey or carrion.

Herein we describe scavenging behavior by bullet ants that we ob-
served during a carrion experiment at La Selva Biological Station,
Costa Rica. To our knowledge, this is the first reported description of
vertebrate carrion utilization by bullet ants. La Selva (10°26′N, 83°59′
W) is located in the northeastern Caribbean lowlands of Costa Rica,
and is categorized in Holdridge's tropical wet forest life zone (McDade
and Hartshorn, 1994). For our experiment, we placed 202 euthanized
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feeder mice on the ground (n = 102) or above ground (n = 100) to
mimic fresh vertebrate carrion. We positioned feeder mice above
ground on naturally level areas of trees, branches, or lianas, about 1 m
above the forest floor, and secured themwith clear, monofilament fish-
ing line around a mouse leg. Although above-ground carcasses were
placed in the open, we expect carrion of small mammals, birds, and
other vertebrates to be available in the forest understory and canopy,
for example in nests and tree holes. We purchased feeder mice from a
local, commercial breeder that supplies mice to serpentaria across
Costa Rica. The mice weighed 6.2–33 g. Each mouse was deployed
with a trail camera placed ~0.5–5 m away (Ltl Acorn LTL-5210A; Ltl
Acorn, Shenzhen, China or Foxelli Oak's Eye Trail Camera; Foxelli Out-
door Gear, Tualatin, OR, USA). Trail cameras were set at the most sensi-
tive setting to take 30 s of video when triggered, with no lapse between
videos. In addition, we conducted daily morning surveys until carcasses
were removed or decomposed. A carcass was categorized as “removed”
when no part of the carcasswas visible during our physical surveys, and
“decomposed” when only hair, skin, and bones remained.

We encountered bullet ant activity on 18 of the 202 deployed car-
casses (8.91%; carcasses removed by bullet ants averaged 13.95 g,
range = 9.7–19.9 g). We defined an encounter as visually observing
bullet ants on carcasses during our surveys and/or from trail camera
footage. All of our observations of scavenging by bullet ants came
from carcasses placed above ground level on lianas and branches; if
we only consider the carrion deployed above ground level, bullet ants
are responsible for removing 18% (n= 100). This is comparable to car-
cass removal by vertebrate scavengers during our study (20% of above
ground level carcasses). Our sampling methods, however, do not let us
exclude the possibility of scavenging by bullet ants from ground carrion,
though it may be unlikely as bullet ants typically forage in the under-
story and canopy, and infrequently do so on the forest floor (Breed
and Bennett, 1985; Dyer, 2002; Young andHermann, 1980). In addition,
the presence of bullet ants on carrion appeared to differ in primary ver-
sus secondary forest. Fourteen of the 18 observations (77.8%) came
from carcasses placed in primary forest, whereas only four observations
(22.2%) came from secondary forest.
Fig. 1. Bullet ants dismembering mouse carcasses in La Selva Biological Station.
During our observations, we saw a minimum of seven bullet ants
grabbing the carcass with their mandibles, attempting to break off
smaller pieces of carrion (Fig. 1; Supplementary video 1). We also ob-
served bullet ants working together by grabbing the carcass with their
mandibles and pulling the carrion in opposite directions, presumably
to break off manageable portions to carry back to the nest (Supplemen-
tary video 2). Sometimes the carrion and ants would fall to the forest
floor during these interactions (Supplementary video 3).

The percent of carcasses reported herein that had bullet ant ac-
tivity should be considered a minimum. First, our sampling methods
were geared to determine scavenging by vertebrates, thus, the trail
cameras were not setup in a way to record small invertebrate activ-
ity. In fact, only two of the 18 bullet ant observations were recorded
from trail camera footage alone; the majority of the observations
came from our daily, diurnal surveys. Second, bullet ant activity
can be variable between colonies (Young and Hermann, 1980), but
it is thought that they are primarily nocturnal (McCluskey and
Brown, 1972). We only surveyed our deployed carcasses diurnally,
limiting our ability to detect any bullet ant activity at night. Interest-
ingly, we could not identify a scavenger via camera footage for over
50% of the deployed carcasses above ground level. It is, therefore,
likely that the prevalence of bullet ants on vertebrate carrion is
higher than reported here.

We do not know to what extent bullet ants are using carrion. Bullet
ants depend on a combination of carbohydrates and proteins, derived
from their diverse diet of nectar and prey (Carroll and Janzen, 1973;
Young and Hermann, 1980), and variation in foraging and diet compo-
sition is related to the availability of these macronutrients in their
local environment (McGee and Eaton, 2014). Our data suggest that bul-
let ants remove an appreciable number of small-mammal carcasses
found above ground level (similar proportion to that of vertebrate scav-
engers), and impact the availability of carrion to other organisms, mak-
ing them an important competitor in understory and canopy
scavenging dynamics.

McGee and Eaton (2014) found that bullet ant feeding behavior
and food selection differed between primary and secondary forests,
Panels A, B, and C show different carcasses in various states of scavenging.
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with bullet ants feeding at higher trophic levels in primary forest.
Our observations suggest that utilization of carrion by bullet ants
may also differ between primary and secondary forest. Changes in
trophic levels in forests of differing anthropogenic disturbances
may result in alterations in food web dynamics and trophic interac-
tions. Indeed, the impact of forest degradation on scavenger compe-
tition is relatively unknown, and should be studied because it could
result in major shifts in the food webs across disrupted landscapes
(Beasley et al., 2015).

Scavenging is a significant, yet relatively understudied, part of food
webs that represents a substantial form of energy transfer throughout
trophic levels (Buechley and Skercioglu, 2016; Olson et al., 2011). Al-
though ants are a diverse, widespread, and abundant taxonomic
group, we know little about their role as scavengers (Eubanks et al.,
2019). Identifying organisms that play an influential role in scavenging
dynamics will help us construct a more comprehensive framework to
understand how competitive interactions affect the persistence and
fate of carrion.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fooweb.2020.e00151.
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