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Recent work underscores that ants are highly proficient and

ubiquitous scavengers. These tendencies extend to numerically

and behaviorally dominant introduced ants, which exhibit a suite

of traits that allow them to exploit and monopolize carrion to a

greater extent than is widely appreciated. We thus contend that

an understanding of how introduced ants fit into food webs

remains incomplete. Monopolization of carrion resources by

introduced ants could increase worker production, enhance the

ability of these species to compete with and prey upon other

organisms, and alter the strength of direct and indirect

interactions within food webs. Future work should consider how

ant invasions influence energy transfer within and between green

and brown food webs.
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Invasions by non-native species can disrupt trophic inter-

actions and ecosystem functioning. Many studies on

invasion impacts focus on the roles of competition and

predation [1], while the effects of scavenging are less well

known [2]. This limitation reflects a general inadequacy

in food web ecology. The importance of scavenging, the

consumption of non-living, animal matter [2], appears

underappreciated in terms of how it influences energy

flow and the strength of biotic interactions within food

webs [2–5,6��]. This lack of understanding reflects diffi-

culties in observing trophic interactions and the fact that

scavenging, unlike predation, has no direct demographic

effect on populations of organisms that are consumed [2].

In this review we focus on the importance of scavenging

in ant invasions. Although previous reviews address

the ecological effects associated with these invasions in

detail [7–11], we argue here that an understanding of ant
www.sciencedirect.com 
invasions is incomplete given that introduced ants, which

typically act both as scavengers and predators, link

together green food webs (primary producers, herbivores,

and their consumers) and brown food webs (detritus,

decomposers, and their consumers).

Why is scavenging important to ants?
Ants as a whole exhibit considerable trophic diversity and

include species that are specialized predators of other

arthropods [12]. Many ant species, however, act as scav-

enging predators that opportunistically consume living

(prey) and dead (carrion) animal matter [12,13]. Although

general features of the diets of such species seem obvious,

quantifying exactly what these ants eat and how they

obtain their food presents a greater challenge. A colony’s

workers can simultaneously forage in multiple locations,

remain active day and night, feed extensively on liquids,

and exchange food with brood and other workers inside

concealed nests. Recent work, however, indicates that

scavenging by ants may be more common than previously

recognized and that these insects are highly proficient

scavengers. In a recent literature review, for example,

Eubanks et al. [14��] found that scavenging of vertebrate

carrion by ants was exhibited by species in all major

subfamilies and by all of the most geographically wide-

spread, behaviorally dominant introduced species. Carrol

and Janzen [13] also emphasized the importance of scav-

enging by ants, especially for species that produce small

workers, use pheromone-based recruitment, and display

aggressive behavior against competitors. Introduced ant

species that are behaviorally dominant (i.e. species that

consistently exhibit aggressive behavior towards individ-

uals from other colonies), exemplify these traits and,

coupled with their tendency to form decentralized

colonies made up of multiple, interconnected nests [7],

seem well suited to both exploit and monopolize carrion

resources.

Carrion represents a valuable resource to ants because of

its nutritional composition and its availability. Carrion is

efficiently assimilated (i.e. it has a high consumption

efficiency) because of its stoichiometric similarity not

only to prey but to scavengers themselves [2]. Although

the removal of carrion from the environment will expose

scavenging ants to competitors, enemies and stressful

physical conditions, obtaining carrion does not entail costs

associated with killing prey [2], which for ants would

include worker injury and mortality. Moreover, the abun-

dance of invertebrates in most terrestrial ecosystems and

the high turnover rate of these populations would suggest

that invertebrate carrion inputs alone would constitute a

highly valuable resource in terms of biomass. In addition,
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Alternative views of the importance of scavenging by ants. (a) Ants

primarily act as predators and occasionally scavenge carrion. In this

first scenario, ants compete strongly with predators but weakly with

detritivores, which consume the majority of carrion resources. (b) Ants

primarily act as scavengers and only occasionally prey on living

organisms. In this second scenario, ants and detritivores strongly

compete for carrion. In both (a) and (b), prey and carrion are linked to

one another through a shared consumer (ants). Introduced ants that

act as scavenging predators and that attain high densities could

simultaneously compete strongly with both predators and detritivores.

One-way arrows indicate interactions between resources and

consumers; two-way dashed arrows indicate competitive interactions.

Arrow width indicates interaction strength. Modified from Wilson and

Wolkovich [2] and Moleón et al. [5].
some types of invertebrates (e.g. large bodied species,

insects that are strong fliers) and most vertebrates would

be impossible for ants to capture as prey but would be

available for consumption by ants as carrion.

Why is scavenging by ants important?
Ants readily scavenge carrion. The implicit value of insect

carrion in particular is reflected in the common use of

dead insects as a means to study ant foraging behavior.

Insect carrion, for example, has been used to examine

how the size of insect carcasses influences the likelihood

of carrion removal [15,16] and which species prevail in the

face of interspecific competition [17]. Small-scale field

studies that track removal of insect carcasses consistently

find that ants discover and retrieve this type of resource

more quickly and to a greater extent compared to other

scavengers [18–21]. Young [15] and Seastedt et al. [22]

reached similar conclusions but did not explicitly

quantify the relative importance of ants versus other types

of consumers. The broadly consistent findings of these

studies, combined with the span of latitudes and envir-

onments considered, suggest that ants remove (and

presumably consume) most insect carrion from terrestrial

environments. Although quantitative estimates of carrion

inputs are in general lacking [6��], arthropod carrion likely

makes up a major fraction of animal carrion in most

terrestrial ecosystems [4,6��,23].

Consumption of vertebrate carrion by ants must also be

important [14��], but ants compete for this type of resource

with scavenging vertebrates and with carrion-feeding

insects. Rapid recruitment of nestmates to vertebrate car-

casses may give ants an early advantage over competitors

(Eubanks et al. [14��]), and colony satiation may occur at

large carcasses. The relative importance of ants as scaven-

gers was dramatically illustrated by Griffiths et al. [24��],
who combined large-scale, ant removal experiments with

vertebrate exclosures to estimate the scavenging ability of

ants, non-ant arthropods, and vertebrates in Malaysian

rainforests. Using baits (dried fish, biscuits, and sunflower

seeds) to estimate scavenging ability, Griffiths et al. [24��]
found that ants removed more than half of all baits

and reduced the abundance of most other scavenging

arthropods present. While baits may not perfectly emulate

carrion, the results of this study clearly demonstrate the

potential capacity of ants to exploit and monopolize carrion

resources.

Given compelling evidence that ants are important con-

sumers of carrion, their role as detritivores (sensu [6��])
should be more widely acknowledged [14��,24��].
Although quantifying the amount of resources that ants

consume through predation versus scavenging is difficult,

energy flow to ants from detrital resources appears com-

mon and could lead to overestimates of the energy

obtained by these insects through predation (Figure 1).

The effects of scavenging and predation on ant colonies
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may also interact; increased worker production resulting

from carrion consumption could enhance the ability of

ants to prey upon other species. Wilson & Wolkovich [2]

argue that such interactions can be considered a form of

apparent competition in which carrion and populations of

prey are linked through a shared consumer (Figure 1). A

possible example of this type of interaction comes from

observations of ants not only feeding on carrion but also

preying upon carrion-feeding insects at the same time,

sometimes to such a degree that ants slow the rate

of decomposition [6��,14��]. In cases where carrion
www.sciencedirect.com
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availability exceeds that of prey, the redistribution of

dead animal matter by ants and its subsequent concen-

tration in and around their nests could represent a key

component of nutrient cycling [20].

Why is scavenging by introduced ants
important to an understanding of ant
invasions?
The importance of scavenging by introduced ant species

has received surprisingly little attention. Small-scale

studies have found that introduced ants can discover,

recruit to and remove dead insects more quickly and to

a greater extent compared to native ant assemblages as

a whole [25–27]. These studies further reveal that intro-

duced ants monopolize insect carrion in invaded areas but

that multiple native ant species divide this resource

among themselves in uninvaded areas. If introduced ants

differentially acquire carrion resources in general, carrion

consumption might increase invader abundance, enhance

competitive ability, and magnify the ecological effects of

invasions in unexpected ways. A better understanding of

scavenging by introduced ant species could thus lead to a

reassessment of their role in food webs.

In accordance with the evidence summarized in this

review, numerically and behaviorally dominant intro-

duced ants likely assimilate far more carrion than widely

acknowledged. Unqualified assertions that introduced

ants primarily act as predators may implicitly exaggerate

the strength of the interaction between these ants and

their prey and underestimate the amount of energy

transferred to these ants via carrion (Figure 1). Wilson

and Wolkovich [2] and Moleón et al. [5] argue further that

access to carrion resources in general can lead to a variety

of unexpected bottom-up and top-down feedbacks within

food webs; such effects seem especially plausible for

introduced ants considering that these abundant insects

interact with a diversity of other species including com-

petitors, predators, prey, and mutualists.

Monopolization of carrion resources by introduced ants

could increase worker production and in turn enhance the

ability of these species to compete with and prey upon

other taxa. Given that ants can reduce the abundance of

scavenging arthropods at baits [24��], behaviorally and

numerically dominant introduced ants would seem well

positioned to compete with non-ant detritivores for

carrion (Figure 1). Although a handful of studies on ant

invasions explicitly consider detritivory [27–30], we are

aware of no study that specifically investigates competi-

tive interactions between introduced ants and non-ant

arthropod consumers of carrion. Documenting elevated

predation by introduced ants as a result of their ability to

monopolize carrion would likely require experimental

manipulation of resources in a controlled setting but

seems likely to occur in the context of ant invasions.

To our knowledge, such interactions have not been
www.sciencedirect.com 
documented for ant invasions but may occur as a result

of yellowjacket wasp invasions in Hawaii [31]. Lastly,

insofar as carrion resources elevate worker production,

colony growth would itself eventually increase carrion

availability in the in the form of ant carcasses. Such inputs

of carrion might be especially pronounced during periods

of the annual colony cycle when worker numbers

naturally decline or in situations where whole infestations

die off for other reasons [32]. This form of carrion

recycling might reduce the value of carrion as a resource

given that ant carcasses are small and rich in chitin.

How do introduced ants fit into food webs?
Despite considerable attention devoted to the study of ant

invasions, we submit that an ecological understanding of

these invasions remains hindered by a lack of information

about the relative importance of predation versus scaveng-

ing. Moreover, stable isotope analysis, molecular analysis of

gut contents, and buffet experiments, while providing

valuable information about diet composition and nutrient

preferences, don’t — in and of themselves — differentiate

between resources obtained through predation versus scav-

enging [2]. Results of stable isotope analyses, in particular,

have a high potential for misinterpretation given that

trophic positions of known herbivores and predators are

often quantitatively compared to those of focal ant species

that can act in part as predators but that also acquire

considerable energy from carrion (e.g. Figure 1) of

unknown and variable origin. Experimental studies that

address the form and magnitude of trophic interactions

involving introduced ants are thus clearly needed to resolve

these uncertainties.

As with the study of detrital resources generally [2,6��],
the amount of carrion available to ants and the proportion

that ants assimilate remain largely unknown. The evi-

dence summarized in this review, however, suggests that

the role of behaviorally dominant, introduced ant species

in food webs should be re-evaluated in light of their use of

carrion resources. Studies that attempt to estimate carrion

inputs and the role of ants in the removal and consump-

tion of this type of resource thus seem warranted. Future

work could also focus on species interactions among

detritivores and in particular focus on how the presence

of numerically and behaviorally dominant introduced ants

influences the rate and degree of energy transfer within

and between green and brown food webs. Moreover,

studies that consider how the importance of scavenging

differs among introduced ant species or changes with

latitude (e.g. Ref. [33]) could be used to forecast the

effects of ant invasions in terms of the use of carrion

resources. Clarifying these issues seems important given

that carrion resources [34] and ant invasions [35,36] can

each have surprising and far-reaching effects on ecosys-

tem structure and function. Moreover, ant invasions as a

whole will continue to increase in geographical extent
Current Opinion in Insect Science 2021, 46:39–42
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given expansions in global commerce and increasing

human modifications to the environment.
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