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Abstract 

The role of scavengers is well understood in terrestrial and marine systems but less so in freshwater ecosystems. We synthesized 
existing knowledge of scavenger ecology in freshwater, particularly within the context of the Anthropocene, including the patchy dis- 
tribution of carrion, consumer responses, competition, and transfer of energy, nutrients, and diseases. We also explored ecosystem 

services provided by freshwater scavengers, such as direct material benefits and improvements in water quality. In addition, we exam- 
ined how human activities—such as climate change, disturbance, exploitation, and fragmentation—are affecting scavenger behavior 
and abundance. To mitigate these anthropogenic impacts, we identified management options for environmental practitioners and 
decision-makers, emphasizing the importance of integrating freshwater scavenger roles into management plans and providing ade- 
quate policy protections. Finally, we highlighted key knowledge gaps, particularly regarding how changes in scavenger populations and 
their food sources may alter ecosystem structure and function. 
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206 studies that have examined carrion ecology within aquatic 
ecosystems (Orihuela-Torres et al. 2024 ). Another study deter- 
mined that there was a bias toward terrestrial scavengers, with 
less than 20% of studies examining aquatic species (Di Marco et al. 
2017 ). In broad syntheses exploring scavengers and the ecosystem 

services they provide (see O’Bryan et al. 2018 , Aguilera-Alcalá et al. 
2020 ), freshwater scavengers are barely mentioned. In short, we 
submit that freshwater scavengers are underappreciated and that 
there is need for more research on these fascinating and essential 
organisms. 

Freshwater ecosystems are among the most threatened 
ecosystems on the planet (Albert et al. 2021 ), and it is widely ac- 
cepted that we are in the middle of a freshwater biodiversity crisis 
(Harrison et al. 2018 ). Therefore, understanding how different 
threats may influence scavengers (or the presence and distribu- 
tion of carrion) is highly relevant to environmental practitioners 
and decision-makers. Our goal is therefore to explore the human 
impacts on the scavenging ecology within freshwater systems 
and identify opportunities for mitigation. Building on other 
studies (e.g., Benbow et al. 2020 and Orihuela-Torres et al. 2024 ), 
we synthesize the ecology of scavengers in freshwater systems by 
considering resource pulses, consumer responses, competition, 
and transfer of energy. Then, we summarize the ways in which 
humans benefit from freshwater scavengers across multiple 
types of ecosystem services. Next, we consider how humans 
modify scavenger ecology and identify opportunities to mitigate 
those issues through management. Finally, we identify knowledge 
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cavengers are animals that feed on the remains of animals
i.e., carrion) that died by means other than predation (e.g., road
ill, disease outbreaks, senescence, insects falling in water) or
y predation from another animal, therefore representing donor-
ontrolled subsidies (Schalcher et al. 2013 ). Scavengers can be en-
irely carnivorous but are often omnivorous. Obligate scavengers
btain virtually all of their nutrition via this type of foraging,
hereas facultative scavengers may also be herbivores, preda-
ors, and omnivores (DeVault et al. 2003 ). Facultative scavenging
s more common, so that modality may be more ecologically im-
ortant than previously thought (Benbow et al. 2015 , Preiszner
t al. 2020 ). As children, we learn about the important roles of
cavengers in terrestrial and marine ecosystems with examples
uch as hyenas, vultures, and abyssal scavengers feeding on whale
alls; however, scavengers also play key roles in other ecosystems
uch as freshwater lakes, rivers, and wetlands (including adjacent
iparian areas). 
Freshwater scavengers occur around the globe and include di-

erse taxa: fishes, amphibians, reptiles, mammals, birds, fungi,
acteria, and various invertebrates (e.g., insects, crustaceans; fig-
re 1 ; Benbow et al. 2020 ). However, given that most freshwater
cavenging occurs largely out of sight (i.e., underwater, often in
urbid or turbulent waters), it tends to be less studied (Orihuela-
orres et al. 2024 ; e.g., there are classic reviews on scavengers in
errestrial and marine systems; see Beasley et al. 2015 and Britton
nd Morton 1994 , respectively) and is much less likely to appear
s exemplars in media. A recent literature review revealed only
eceived: June 30, 2024. Revised: February 6, 2025. Accepted: February 24, 2025
The Author(s) 2025. Published by Oxford University Press on behalf of the American Institute of Biological Sciences. This is an Open Access article distributed 
nder the terms of the Creative Commons Attribution License ( https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, 
nd reproduction in any medium, provided the original work is properly cited. 
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Figure 1. Freshwater scavengers are a diverse group across many taxa and habitat types: (a) Common yabby ( Cherax destructor ) feed on carrion in 
swamps, streams, and rivers within Australia. (b) Corydoras catfish ( Corydoras melanotaenia ) occur in lotic habitats throughout South America, (c) 
herring gull ( Larus smithsonianus ) inhibit many aquatic habitats throughout North America, (d) snapping turtles ( Chelydra serpentina ) are located 
throughout North America in slow moving waters including wetlands and ponds, and (e) European mink ( Mustela lutreola ) are found in lotic and lentic 
habitats. 

Box 1. The importance of detritivores within freshwater ecosystems.

There has been much research on decomposition of plant litter in freshwaters, but considerably less on the consequences of the 
amount or quality of detritus on detritivore populations (e.g., Richardson and Neill 1991 ). Many detritivores that primarily consume 
dead plant material (leaves, wood) and their biofilms, are also able to scavenge on carrion given the opportunity, that is, facultative 
scavengers, and there is considerable evidence of invertebrates feeding directly on carcasses (Minakawa et al. 2002 , Zhang et al. 
2003 , Fenoglio et al. 2010 ). This indicates that consumption of carrion and detrital materials and their biofilms is a spectrum of 
strategies used to take advantage of high-quality resources of carcasses that are patchy in space and time (e.g., Kohler et al. 2008 ). 
For example, studies have demonstrated higher densities of detritivores in streams with carrion, but that can be due to the fertil- 
izing effect of nutrients from decomposing carcasses. However, few studies have directly demonstrated increased growth rate of 
detritivores given access to carrion. There is also evidence from increased body burden of N15 and C13, suggesting direct consump- 
tion of carrion (Kiffney et al. 2018 , Kurasawa et al. 2023 ), but there is more direct evidence based on fatty acid profiles of normally 
detritivorous invertebrates consuming fish carcasses (Heintz et al. 2010 , Samways et al. 2017 ). The most direct evidence comes from 

experimental studies demonstrating that some detritivorous aquatic insects directly consume carrion and have higher growth rates 
than on leaf litter (Chaloner and Wipfli 2002, Minakawa et al. 2002 ). The relative contribution to the population dynamics of such 
facultative scavengers remains an important research question, but higher densities of detritivores in streams with fish carcasses 
suggest hypotheses that functional and numerical increases do result from scavenging in addition to the consumption of vegetative 
materials. 

g  

a  

e  

E  

i  

a  

e  

f

O
f
W  

e  

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/75/6/436/8112536 by C

arleton U
niversity user on 22 August 2025
aps and research needs, recognizing that freshwater scavengers
re poorly represented in the literature. Notwithstanding knowl-
dge gaps (and the fact that we limited our literature search to
nglish), we use diverse examples from around the globe with an
nternational team that study scavengers, mostly in freshwater
nd riparian systems. Although we have chosen to focus on scav-
ngers, we acknowledge the importance of detritivores within
reshwater ecosystems (see box 1 ). 

verview of scavenger ecology in 

reshwater systems 

ithin freshwater ecosystems, there are many factors that influ-
nce the availability of dead organisms and material (summarized
in table 1 ). First, because carrion is patchy across space and time,
it needs to be detected to be used by scavengers. Next, we ex-
amine the suite of morphological, physiological, and behavioral
adaptations that organisms have to be effective scavengers. Third,
because the availability of carrion is inherently dynamic and, at
times, quite rare, competition between scavengers can arise. Fi-
nally, all of these factors ultimately influence the transfer of en-
ergy, nutrients, and contaminants within freshwater ecosystems.
In the present article, we synthesize each of these mechanisms
regarding the ecology of scavengers. 

Carrion as a patchy resource 

Carrion typically presents as a spatially and temporally patchy
resource, representing pulses of energy and nutrients for
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Table 1. Summary of scavenger ecology in freshwater systems with examples. 

Factor Aspect Description Freshwater example References 

Patchy 
resource in 
space and 
time 

Duration How long the resource is available Short-lived presence of Pacific salmon 
carcasses during fall spawning 
migrations 

Schindler 
et al. 2013 

Magnitude Amount of resource Mass emergence of Hexagenia mayflies Stephanian 
et al. 2020 

Predictability Knowledge and reliance on availability Alewife spawning migrations during the 
spring 

Walters et al. 
2009 

Consumer 
responses 

Morphology Physical traits that enable scavengers to 
efficiently locate, consume, and digest 
dead organic matter 

Sternal keel on giant water scavenger 
beetles 

Matsushima 
2021 

Physiological Internal biological processes and 
functions that enable these animals to 
effectively use and process carrion 

Bullhead detection of carrion resource via 
chemosensory ability 

Preiszner 
et al. 2024 

Behavioral Specific actions and patterns of activity 
that enable animals to locate, acquire, 
and efficiently carrion 

Shift in gull distribution to match Pacific 
salmon spawning runs 

Schindler 
et al. 2013 

Competition Resource Aspects of the resource itself such as 
duration, magnitude, and predictability 

Increased availability of eggs resulted in 
more diverse fish juvenile scavengers 

Bailey and 
Moore 2020 

Environment Different factors of the environment could 
affect accessibility and detectability and 
ultimately competition 

Movement of carrion (e.g., dead Pacific 
salmonids) by water currents down a 
lotic ecosystem 

Strobel et al. 
2008 

Competitors Intra- and interspecific, as well as 
interkingdom competition of carrion 
resources 

Microbes are the first to consume the 
resource, with subsequent competition 
across kingdoms 

Beasley et al. 
2015 

Transfer Energy Movement of caloric resources between 
ecosystem types via scavengers 

Transfer from freshwater to terrestrial 
ecosystems through the consumption of 
insects 

Baxter et al. 
2005 

Nutrients Movement of macro and micro nutrients 
between ecosystem types via scavengers 

Transfer of nutrients from wildebeest 
carcasses into river via insects, fish, and 
crocodiles 

Subalusky 
et al. 2017 

Disease Transmission and suppression of diseases Insects and crustaceans reduce the 
transmission of Ranavirus from dead, 
infected salamanders 

Le Sage et al. 
2019 
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cavengers. Reviewed in Benbow and colleagues (2020 ), there
re many different ways that carrion can become available
n freshwater ecosystems including from autochthonous or
llochthonous sources from natural senescence, disease related
ortalities, phenology-based deaths (e.g., mortality of Alewife,
losa pseudoharengus , during annual spawning migrations in
astern North America; Walters et al. 2009 , Brown et al. 2024 ), or
tochastic deaths (e.g., mass fish die-offs; Parmenter and Lamarra
991 ). Several components of the dynamics of resource supply af-
ect how scavenger populations might respond, such as duration
f availability (in relation to consumer life cycle or annual cycle),
agnitude relative to annual average (biomass), and predictabil-

ty (Holt 2008 , Yang et al. 2008 ). First, carrion has a short-lived
resence within most ecosystems, including freshwater and these
phemeral resources are finite and stochastic in nature (Butter-
orth et al. 2023 ), contributing to heterogeneity of landscapes
Hyndes et al. 2022 ). As Holt (2008 ) pointed out, some resources
re sufficiently short-lived (and even the organisms themselves;
.g., macroinvertebrates), such that even if there is a very large
ulse (e.g., Pacific salmon), it may not be possible to be an obligate
onsumer on such resources. On the other hand, resources that
re available for a longer duration, regardless of the magnitude of
he pulse, could lead to the development of obligate consumers.
ven for longer duration resources, longer-lived consumers need
o be able to detect those resources and subsequently move
etween resource patches. Next, magnitude refers to the resource
vailability in terms of biomass and can be influenced by cause of
eath, carcass location, and weather conditions (Yang et al. 2008 ).
or example, periodic mass emergence of Hexagenia mayflies can
nject massive amounts of biomass into freshwater ecosystems
fter laying eggs (Stephanian et al. 2020 ). Finally, predictability
an range from large annual pulses occurring consistently in
he same location and time—such as Pacific salmon spawners
eturning to their natal spawning grounds within a narrowly de-
ned window each year (Schindler et al. 2003 )—to more transient
nd unpredictable events, such as the occasional presence of
ead animals (both vertebrates and invertebrates; Barton et al.
013 ). This predictability can even drive seasonal movements or
eproductive events of freshwater scavengers: that align with the
iming of resource pulse availability (Levi et al. 2020 ). 



Piczak et al. | 439

C
C  

p  

m  

f  

p  

p  

p  

t  

l  

e  

t  

l  

t  

(  

w  

m  

t  

r  

i  

a  

g  

e  

a  

d  

a  

c  

o  

h  

r  

i  

w  

c  

c  

g  

i  

M  

g  

i  

i  

i  

(

C
T  

t  

a  

r  

h  

n  

l  

i  

i  

s  

2  

o  

m  

s  

a  

t  

fi  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/75/6/436/8112536 by C

arleton U
niversity user on 22 August 2025
onsumer responses 
onsumers that regularly scavenge benefit from a set of mor-
hological, physiological, and behavioral adaptations. In terms of
orphology, there are typically fewer constraints on body shape

or consumers than for predators, allowing dynamic swimming
erformance or elevated levels of endurance because of the un-
redictable availability of food (Collins et al. 2005 ). For exam-
le, giant water scavenger beetles have a sternal keel that ex-
ends posteriorly, which permits the beetles to stay submerged for
onger with increased swimming speeds, which may aid in scav-
nging (Matsushima 2021 ). In addition, heightened sensory abili-
ies are also favored to detect patchy, ephemeral food sources over
ong distances (Kane et al. 2017 ). Within aquatic environments,
he movements of carcasses will not only be affected by water
i.e., waves) but also by buoyancy and decomposition processes,
hich can all affect detectability (Moleon et al. 2019 ). Further-
ore, the most likely candidate for finding carcasses are those

hat have physiological adaptations, such as chemosensory appa-
atus, which are documented as means of food source detection
n several marine scavengers (Wilson and Smith 1984 , Tamburri
nd Barry 1999 , Lisney et al. 2018 ). Although recent evidence sug-
ests that chemosensory abilities may facilitate facultative scav-
nging (Preiszner et al. 2024 ) in a freshwater species, scavenging is
lso known in species that use primarily visual orientation (Chi-
ami and Amyot 2008 , Polačik et al. 2015 ). Research on the sensory
pparatus used by freshwater species for carcass location is en-
ouraged to better understand the ecoevolutionary consequences
f scavenging in freshwater systems. Finally, an example of a be-
avioral adaptation to locate patchy food sources is the incorpo-
ation of exploratory movement patterns in the foraging behav-
oral toolbox. In a recent study, black bullhead ( Ameiurus melas )
as shown to use exploratory behaviors to locate carrion within
omplex habitats (Preiszner et al. 2024 ). Furthermore, species that
an move rapidly across large distances are more likely to be obli-
ate (or predominant) scavengers, whereas those with more lim-
ted dispersal capacity are likely to be opportunistic (facultative;
omot et al. 1978 ). Much of the existing research is focused on
regarious foraging on carcasses in terrestrial, marine, and ripar-
an ecosystems (Clua et al. 2013 , Levi et al. 2020 ), whereas there
s a lack of evidence of similar spatial aggregations underwater
n freshwater systems, with the exception of Chidami and Amyot
2008 ). 

ompetition for carrion resources 
he landscape of competition across scavengers is affected by fac-
ors associated with the resource itself, as well as the environment
nd competitors. Although the quantity, quality, timing, and du-
ation framework (i.e., QQTD; Subalusky and Post 2019 ), describes
ow abiotic characteristics and aspects of the animal subsidy was
ot specifically developed for scavenging, there are many paral-
els. First, the size and type of resource (i.e., quantity and qual-
ty) can influence competition. Larger carcasses, mass availabil-
ty or high nutritional content can sustain increased numbers of
cavengers, reducing immediate competition (see Nowlin et al.
007 ). For example, the experimental addition of large quantities
f pink salmon eggs as a food resource to streams was required to
aintain diverse consumers (e.g., juvenile steelhead trout, coho
almon, sculpins, cutthroat trout, and Dolly Varden char; Bailey
nd Moore 2020 ). The state of decomposition (which is also related
o quality) also affects competition, in that microbes are often the
rst to consume the resource, with eventual competition across
kingdoms (i.e., interkingdom competition) with the subsequent
detection by invertebrates and vertebrates (Beasley et al. 2015 ).
Within the environment, the accessibility of the carrion and habi-
tat features can affect detectability (Beasley et al. 2015 ). For exam-
ple, in terrestrial ecosystems, the presence of vegetation structure
and cover can influence the detectability of carrion across soaring
scavengers relative to those on the ground (Moleon et al. 2019 ).
Additional research within the realm of freshwater ecosystems
is needed where different factors of the environment would likely
affect accessibility, detectability and ultimately competition. Such
factors could include water quality, habitat structure (e.g., rocky
or woody substrate), bathymetry, and hydrological aspects (see
Preiszner et al. 2024 ). The scavengers themselves also affect the
dynamics of competition. Because carrion is rich in nutrients but
appears ephemerally in nature (i.e., timing and duration), it is ad-
vantageous for scavengers to first detect and locate it before other
organisms arrive, resulting in resource competition and strong se-
lection (Selva et al. 2019 ). Generally, because resource patches of
carrion can often be small relative to the scavenger, they can be
monopolized and defended to maximize resource ability to an in-
dividual (Beasley et al. 2015 ). In many cases, the resource is too
large for a single scavenger to guard, resulting in scramble com-
petition, which often occurs intraspecifically (as seen in hyenas;
Tilson and Hamilton 1984 ). Finally, as the carrion resource be-
comes depleted, competition will intensify. 

Transfer of energy, nutrients, and diseases 
Scavengers have the potential to relocate energy, nutrients, and
contaminants within and between ecosystem boundaries (i.e.,
autochthonous and allochthonous, respectively; Richardson and
Sato 2015 ). For example, aquatic insects have been documented
to be important vectors for energy, nutrients, and contaminants in
terrestrial food webs (Ballinger and Lake 2006 , Jackson et al. 2021 ,
Previšić et al. 2021 ). Indeed, freshwater ecosystems harbor high
diversity and biomass of aquatic insects and most have an adult
winged stage that can disperse out of aquatic ecosystems. Aquatic
insects show important trophic plasticity (Fenoglio et al. 2014 ),
and many lineages have been reported to feed on carrion includ-
ing caddisfly larvae, beetles (larvae and adults), and midge larvae
(Fenoglio et al. 2005 , Walter et al. 2006 , Fenoglio et al. 2010 , Velasco
and Millan 1998 , Wartenberg et al. 2017 , Dalal et al. 2020 , Ebner
et al. 2021 ). Midges can reach extremely high densities in some
aquatic systems and are an important component of the diet of
many terrestrial predators including spiders, lizards, birds, and
bats (Baxter et al. 2005 ). Fully aquatic scavengers can also connect
terrestrial and aquatic ecosystems. Crayfish and bullheads have
both been shown to be effective scavengers on dead fish (Boros
et al. 2020 ), and both taxa are commonly preyed on by birds and
semiaquatic mammals. 

Aquatic scavengers can also mediate the incorporation of ter-
restrial energy and materials into aquatic food webs. For instance,
caddisfly larvae, which are an important component in the diet of
aquatic species including fish (Morse et al. 2019 ), are known to
feed on the carcasses of terrestrial vertebrates and invertebrates
(Carlson et al. 2020 ; Lepori 2023 ). In another case, American alli-
gators ( Alligator mississippiensis ) have been shown to consume the
carrion of nesting birds, adding terrestrial subsidies to freshwater
ecosystems (Gabel et al. 2019 ). In the Mara River of the Serengeti,
aquatic scavengers including insects, fish, and crocodiles af-
fect nutrient cycling and storage by feeding on the carcasses of
wildebeest following mass drowning events during their annual
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Table 2. Different types of ecosystem services provided by freshwater scavengers with examples. 

Ecosystem 

service type Freshwater scavenger context Freshwater example References 

Regulating Removal of animal debris 
Disease and pest control 
Improvement of water quality 

Freshwater turtles improved water quality 
after simulated fish kills 

Moleon et al. 2014 , Le Sage et al. 
2019 , Santori et al. 2020 

Supporting Nutrient cycling via breakdown of organic 
matter 

Nutrient vectors across ecosystem types 
Contribute to overall biodiversity 

Insects, fish, and crocodiles transfer 
nutrients from wildebeest carcasses to 
freshwater ecosystems 

Payne and Moore 2006 , Subalusky 
et al. 2017 , Anguilera-Alcala 
et al. 2020 

Cultural Provide spiritual, religious, inspirational, 
and aesthetic value 

Provide recreational and ecotourism 

opportunities 

Freshwater turtles have played an 
important role to Indigenous peoples as 
rattles and percussion instruments 

Jackson and Levine 2002 , 
Anguilera-Alcala et al. 2020 

Provisioning Harvesting of scavengers 
Increased agricultural output via pest 
consumption of scavengers 

Harvest and consumption of crayfish in 
the southern United States 

Alford et al. 2017 , Teng et al. 2016 
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igration. Following a mass (more than 100 wildebeest) drown-
ng, 34% to 50% of the diet of fish was derived from wildebeest
arcasses, either directly through scavenging or indirectly through
eeding on scavenging invertebrates (Subalusky et al. 2017 ).
he transfer of nutrients and energy from terrestrial ecosys-
ems to freshwater via a freshwater scavenger has also been
ocumented, highlighting their ability to connect ecosystems
idirectionally. 
Finally, it is possible that scavengers also could affect the trans-
ission of diseases and pathogens within freshwater ecosystems

discussed further below). First, pathogens rely on scavengers for
nadvertent horizontal disease transmission from the infected
aterial (e.g., carrion) to new hosts (VerCauteren et al. 2012 ). The
tudy of wildlife diseases is challenging, and representation of
reshwater scavengers as vectors is underrepresented in the liter-
ture. However, there is more evidence for freshwater scavengers
o limit the spread of pathogens and diseases. Scavengers can re-
uce the number of hosts by consuming infected carcasses, there-
ore removing the source and decreasing transmission to new
osts (Rudolf and Antonovics 2007 ). 

reshwater scavengers benefit people 

cavengers and humans have interacted for thousands of years,
nd although this relationship has evolved over time, we continue
o benefit from the ecosystem services provided by this group
f animals (Dominguez-Rodrigo and Pickering 2003 , Lozano et al.
019 ). The importance of scavengers is often overlooked by peo-
le, whereby scavengers have been persecuted for their negative
mpacts on livestock, property, and human life (Ogada et al. 2012 ).
t is plausible that scavengers within freshwater ecosystems are
ven more neglected, because these ecosystems are so often out
f sight, out of mind (Cooke et al. 2021 ). Freshwater scavengers
lay a crucial role within their ecosystems that results in myr-
ad direct and indirect benefits for people across the four differ-
nt types of ecosystem services: regulating (i.e., related to the
egulation of ecosystems), supporting (i.e., support other ecosys-
em services), cultural (nonmaterial benefits), and provisioning
i.e., products obtained from the ecosystem; table 2 ; Moleon et al.
014 ). 
First, freshwater scavengers contribute to regulating services
hrough disease and pest control and through the removal of an-
mal debris (Moleon et al. 2014 ). As freshwater scavengers con-
ume host species, they reduce the risk of disease transmis-
ion, which benefits both people and other freshwater animals
O’Bryan et al. 2018 ). For instance, freshwater scavenging inver-
ebrates resulted in decreased transmission of Ranavirus among
ong-toed salamander larvae ( Ambystoma macrodactylum ; Le Sage
t al. 2019 ). In addition, the removal of animal debris by freshwa-
er scavengers has played a hygienic role, whereby carcasses can
esult in hypoxia, algal blooms, and increased ammonia and ni-
rates within freshwater ecosystems (Sargent and Galat 2002 ). In
 mesocosm experiment, freshwater turtles contributed to regu-
ating ecosystem services by improving water quality during sim-
lated fish kills (Santori et al. 2020 ). Next, freshwater scavengers
lay a role in supporting ecosystem services through nutrient cy-
ling and adding to biodiversity, which contribute to the well-
eing of society (Anguilera-Alcala et al. 2020 ). Freshwater scav-
ngers also contribute to nutrient cycling in aquatic ecosystems,
here they break down organic matter, releasing nutrients back
o the environment (Boros et al. 2020 ). Furthermore, these animals
an also act as nutrient vectors, transferring nutrients between
ystems (e.g., from lentic to terrestrial systems; figure 1 e; Payne
nd Moore 2006 ), therefore redistributing nutrients. Third, despite
heir poor public reputation, freshwater scavengers contribute to
mportant cultural ecosystem services by providing spiritual, re-
igious, inspirational, and aesthetic values, as well as recreational
nd ecotourism opportunities (Anguilera-Alcala et al. 2020 ). For
xample, freshwater turtles have been important for Indigenous
eoples across North America for millennia, where the carapaces
re used as rattles and percussion instruments, therefore repre-
enting an important cultural symbol (figure 1 d; e.g., Jackson and
evine 2002 ). Finally, freshwater scavengers provide provisioning
cosystem services in the form of direct harvesting and contribut-
ng to agriculture. For example, freshwater crayfish (e.g., Procam-
arus clarkii ) are harvested from wetlands for human consump-
ion throughout the southern United States (Alford et al. 2017 ).
lthough we have explored each of the four types of ecosystem
ervices in the present article, freshwater scavengers require sub-
tantially more research to understand the full benefits of these
mportant animals. 
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cavengers in the Anthropocene 

idespread declines of freshwater biodiversity (see Harrison et al.
018 ) will undoubtedly affect freshwater scavengers and the
cosystem services that they provide. Although there has been
imited research on how loss of freshwater biodiversity may af-
ect scavengers, we have collectively identified four main ways in
hich freshwater scavengers may be anticipated to be affected by
nthropogenic change: direct effects on their populations affect-
ng their ability to carry out their functional role in ecosystems,
irect effects on the availability or quality of their forage base
which may be a result of shifts in the distribution of scavengers
nd forage), direct effects of bioaccumulation of pollutants and
hemicals, and indirect effects on their behavior and their distri-
ution due to human activity. 
First, direct effects on scavenger species are already observ-

ble as several key scavenging taxa are considered to be highly
isible victims of global environmental change, including cray-
shes and freshwater turtles (figure 1 a and 1d; Lovich et al. 2018 ).
ith the ongoing highly pathogenic H5 avian influenza global epi-
ootic, many aquatic bird species such as gulls and anatids may
ace steep declines (Artois et al. 2009 ). To date, highly pathogenic
vian influenza has caused spillover into avian and mammalian
redators and scavengers of affected aquatic birds resulting in
ortality of bears, mink, raccoons, otters, and raptors. Insect pop-
lations are also declining in freshwater (Jähnig et al. 2021 ), af-
ecting scavenging species such as beetles. Crayfish populations
round the world have been affected by invasions of nonnative
ompetitors, as well as transmission of communicable diseases
uch as crayfish plague (e.g., Bozzuto et al. 2024 ). From our knowl-
dge of terrestrial systems, the loss of dominant scavengers (e.g.,
acoons, Procyon lotor ) may not necessarily alter the scavenging
ommunity; however, the efficiency of carrion removal may de-
rease, meaning that more carcasses go untouched and decompo-
ition will proceed more slowly (Olson et al. 2012 ). As ecosystems
re forced to respond to increasing uncertainty of events such as
oods, droughts, anoxia, thermal extremes, and extreme weather,
pisodic mortality events (e.g., fish kills) will require scavengers
o quickly recycle biomass to regulate water quality. Forage pro-
ision through mortality inputs may become more unpredictable.
antori and colleagues (2020 ) demonstrated how losses of these
pecies is likely to negatively affect the resilience of systems af-
icted by such pressures. 
Second, freshwater scavengers are losing access to some

pecies in their ecosystems as freshwater species diversity and
bundance indices continue to spiral downward. A modeling ex-
rcise revealed that global biodiversity loss and redistribution has
ikely massively affected the availability of carcasses in freshwa-
er, with implications for nutrient and matter availability to scav-
ngers (Wenger et al. 2019 ). Moreover, significant losses of carni-
ores such as bears, otters, and eagles can be expected to nega-
ively influence the availability of carrion to scavengers if fewer
nimals are being killed by predators (Levi et al. 2020 ). Where
ative species are lost or imperiled and nonnative species have
oved in, scavengers will not necessarily be as negatively affected
s predators that may fail to learn to exploit novel species. In-
eed, there is no evidence that nonnative species, such as carp
 Cyprinus carpio ) in Spain, pink salmon ( Oncorhynchus gorbuscha )
n Norway, and nonnative bivalves in choice experiments are
voided by scavengers in favor of native counterparts (Dunlop
t al. 2021 , Orihuela-Torres et al. 2022 , Sanders and Mills 2022 ).
n another example, the presence of an invasive scavenger, red
wamp crayfish, in a Spanish river formed the bulk of the diet of
 

native Eurasrion otter (Dettori et al. 2021 ). This means that shift-
ing patterns of biodiversity may not have as negative impacts on
scavengers as overall biodiversity losses. However, replacement
of species with smaller counterparts or overall shifting size dis-
tributions of animals to cope with warming (Gardner et al. 2011 )
may reduce the number of animals that are able to benefit from a
single carcass. 

Third, scavengers play a critical role in mediating the bioaccu-
mulation and bioamplification of pollutants within ecosystems,
creating complex interactions between carrion, scavengers, and
predators. Bioaccumulation is particularly concerning for scav-
enger species that may be long-lived with high biomass, includ-
ing many species of freshwater turtles, which could influence the
distribution and persistence of pollutants within these ecosys-
tems (Iverson 1982 , Congdon et al. 1986 ). For instance, pond slid-
ers ( Trachemys scripta ) in a nuclear reactor reservoir in South Car-
olina derived over half of their diet from fish carrion, demon-
strating their role in nutrient and pollutant cycling (Parmenter
1980 ). Moreover, increased toxicity of carrion because of bioam-
plification of contaminants should be a concern, and Beale and
colleagues (2022 ) found that Australian freshwater turtles were
burdened with high levels of perfluoroalkylated substances as
a result of consuming dead animals that had been exposed to
these artificial compounds. Even smaller freshwater scavengers
that have relatively short lifespans have the potential to have
food-web-wide implications through bioamplification. For exam-
ple, leeches feeding on fish carcasses in boreal lakes can accu-
mulate 16% of the methyl mercury found in the carcasses, mak-
ing them vectors of pollutant transfer to both aquatic and ter-
restrial predators (Cywinska and Davies 1989, Sarica et al. 2005 ).
This demonstrates how scavengers can facilitate the redistribu-
tion of pollutants across trophic levels and ecosystem bound-
aries. In some cases, scavenging activity can even create a pos-
itive feedback loop of bioaccumulation. Laboratory experiments
have shown that largemouth bass feeding on crayfish, which
themselves consumed bass carrion, accumulated more methyl
mercury than those fed methyl mercury–supplemented artifi-
cial diets. This highlights the potential for scavenger-mediated
pathways to amplify pollutant concentrations within food webs
(Bowling et al. 2011). By integrating these case studies, a clearer
picture emerges of how scavengers mediate the movement of pol-
lutants and nutrients, linking scavenging behavior to broader eco-
logical and environmental processes. 

Finally, where scavenger populations remain robust with ac-
cess to carrion, there may be key indirect effects of the Anthro-
pocene on their ability to carry out their role. Behavior is key
to scavenging and encounter rates between animals and carrion
govern the pace at which scavengers convert dead matter to en-
ergy. Gutiérrez-Cánovas and colleagues (2020 ) demonstrated that
scavengers with large home ranges drive higher efficiency carrion
removal; large home ranges are typically associated with larger
animals and older individuals within species, which requires tar-
geted conservation efforts to maintain the longevity of species
such as turtles and alligators that are long-lived and have the
potential to be superscavengers within a population (e.g., Piczak
et al. 2019a ). However, urban areas can truncate home ranges
for animals that avoid humans, and Etherington and colleagues
(2023 ) revealed impacts of proximity to urban environments as a
predictor of whether a carcass would be scavenged in a freshwa-
ter ecosystem. This would also apply to other kinds of human-
mediated habitat loss (e.g., forest harvest or agriculture). An-
other anthropogenically mediated factor that could affect the ef-
ficacy of scavengers includes the introduction of supplemental
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arcasses through activities such as stocking (e.g., of invasive
pecies including trout; Unger and Hickman 2019 ; or common
arp, Cyprinus carpio in lakes; Weber and Brown 2016 ), agricul-
ure or hunting (e.g., cattle or ungulates enter aquatic ecosystems,
espectively; see Sebastián-González et al. 2019 ). Taken together,
e anticipate that scavengers may be affected by these four pro-
esses; however, there is much to be learned about how the fresh-
ater biodiversity crisis will affect scavenging, and additional re-
earch is needed to fill these paucities. 

anagement implications of scavengers 

n the Anthropocene 

he Anthropocene is on us, and with it comes manifold changes in
he structure and function of ecosystems. As was outlined above,
hose changes have consequences for scavengers. Given persis-
ent and emerging threats, there is a need to consider how to
anage and conserve scavengers in the Anthropocene. Admit-

edly, such efforts have been rather scant to date, with more ex-
mples from the terrestrial realm (see Patterson et al. 2022 ) than
he freshwater realm. 
One potential form of intervention is the provision of sup-

lemental carcasses to support scavengers or their ecological
unctions (Fielding et al. 2014 ). In freshwater systems, there are
xamples where carcasses have been introduced to compen-
ate for the loss of natural salmon stocks as part of ecosystem
estoration (Roni et al. 2002 ). These efforts have yielded mixed
esults but generally benefit scavengers (indirectly) while con-
ributing to the mobilization of marine-derived nutrients into
otic and riparian zones, supporting plant growth and future al-
ochthonous inputs (Wheeler and Kavanagh 2017 , Compton et al.
006 ). However, the effectiveness of such interventions may be
ontext dependent. For instance, both streams and lentic ecosys-
ems are often isolated within the landscape, meaning carcass
dditions may only provide localized benefits while imposing
ignificant economic costs for managers. In lotic systems, car-
asses can be easily dragged by currents, undergo rapid phys-
cal breakdown, and ultimately become a resource solely for
icrobial communities, limiting their broader ecological bene-
ts. Further research is needed to quantify the fate of these
dded carcasses and examine which taxa—spanning aquatic
nd terrestrial scavengers—are using these additional inputs.
oreover, the success of these interventions assumes that scav-
ngers remain present in ecosystems where carcasses have his-
orically declined, because their presence is vital to facilitat-
ng nutrient transfer. There are analogous examples of supple-
ental food provisions for highly endangered avian scavengers,
uch as vultures, which are often species-specific interventions
imed at population recovery (Cortés-Avizanda et al. 2016 ). There-
ore, although carcass addition can serve as a textbook exam-
le of ecosystem restoration, its limitations and broader impli-
ations must be critically evaluated to ensure its ecological and
conomic viability. 
In the context of climate change, there may be a need for spe-

ific management actions targeted toward scavengers. Much re-
earch has focused on how to protect habitat for fish and other
quatic organisms that may become carrion. For instance, re-
aining vegetation that provides shade can maintain cooler wa-
er with less suspended sediment and is one objective that forest
anagement can address. Conservation of riparian area shading
long streams and forested wetlands can reduce the rate of heat-
ng that compromise survival of species, such as Pacific salmon
nd others (Martin et al. 2021 ). The protection of riparian vegeta-
ion also reduces sediment supplies from the banks and can ab-
orb some excess nutrients. This protection should occur along
mall streams, because once water is heated that accumulated
nergy is hard to dissipate (Blandon et al. 2018 ). This is particu-
arly true as climate change leads to warmer, drier summers in
ome places, making lower volume surface waters more suscep-
ible to heat. Likewise, restoration of disturbed riparian areas can
o a long way toward meeting many objectives. Streamside pro-
ection may also help reduce flood damage from the increasingly
evere storms associated with climate change. At a larger scale,
atershed management to minimize changes to natural hydro-
ogical regimes would likely benefit the carrion–scavenger interac-
ion, and other ecological processes. In addition, protecting habi-
at for scavengers and sources of carrion helps sustain the eco-
ogical process. Moreover, given the role that scavengers play in
elping to clean up biological events (such as fish kills; for exam-
les involving turtles, see Santori et al. 2020 ) and the apparent
ncrease in such events moderated by climate change, there may
e need to actively manage scavenger populations to ensure that
cosystem services can be provided as needed. Much of climate
hange research and management focuses on the top and bot-
om of food chains, whereas scavengers play important but often
verlooked roles. Because ecosystems experience flux attributed
o both climate change and the introduction of invasive species,
ostering redundancy in ecological roles and enhancing resilience
equires considering ecosystem structure from a functional
erspective. 
A wide range of management actions can be implemented

o sustain and enhance scavenger–carrion interactions, which
re crucial for maintaining ecosystem health and biodiversity.
ne fundamental approach is the removal of barriers to the
ovement of both scavengers and their carrion resources. These
arriers—whether physical, such as dams or fences, or ecological,
uch as habitat fragmentation—can limit the ability of aquatic
cavengers to access essential food sources and disrupt vital
cological processes (see Patterson et al. 2023 ). Ensuring that
cavengers can move freely across their habitats is essential for
aintaining healthy populations. Another important strategy is

he removal or control of invasive species that may alter habitats
r directly compete with scavengers or their carrion resources
Ricciardi and MacIsaac 2011 ). Invasive species often outcompete
ative species for food or space, which can lead to a decrease in
cavenger populations and the availability of carrion. Effective
ontrol or eradication of these invaders can help restore ecolog-
cal balance and support the persistence of scavenger–carrion
nteractions. The management of contaminants and excess
utrients in aquatic environments is also critical. Pollutants,
uch as heavy metals, plastics, and chemical runoff, can impair
he health of species involved in scavenger–carrion interactions,
ncluding both the scavengers themselves and the organisms
hat provide carrion (e.g., Sultana et al. 2021 ). In addition, in cases
here certain species have been lost or their populations dimin-

shed, translocating native species may be a viable option. This
ould involve relocating individuals from healthy populations
o areas where scavenger populations have declined because of
abitat loss, resource depletion, or other threats. By augmenting
hese populations, it may be possible to restore the ecological
oles of scavengers and maintain the health of the ecosystems
hey support; however, this approach may be restricted to less
obile taxa and associated with economic costs. 
Some scavengers are highly mobile such that they may cross

urisdictional boundaries. In freshwater systems, this is most
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ertinent in scavenging birds and migratory or otherwise tran-
ient fishes in large river systems (e.g., Arrondo et al. 2018 ). En-
uring that scavengers are considered in transboundary (could be
ithin a nation or across national boundaries) conservation poli-
ies is necessary (Lambertucci et al. 2014 ). However, given that
ost transboundary policies focus on protecting exploited com-
ercially valuable animals, many scavengers may suffer from a
olicy vacuum. From the highly mobile scavenging fish such as the
oonch catfish ( Bagarius yarrelli ) in southeast Asia to scavenging
irds that fly with ease across boundaries (e.g., turkey vultures;
athartes aura ), without coordinated policy protection and man-
gement, there is potential for scavenger species to be forgotten. 
In many ways, one of the most important conservation actions

or scavengers is to tell their stories to increase public awareness
nd ensure that they are not neglected or forgotten in policy and
anagement (e.g., Ng et al. 2015 ). This is particularly salient in

reshwater systems where the scavengers may be cryptic and un-
erappreciated. Indeed, the premise of this article is to raise the
rofile of scavengers in freshwater including in the context of their
espoke management and conservation. 

nowledge gaps and research needs 

he role of scavengers in freshwater ecosystems remains signifi-
antly underresearched, leaving critical knowledge gaps that hin-
er a full understanding of their ecological importance. To guide
uture research effectively, it is essential to identify and priori-
ize key questions. One of the most fundamental gaps is under-
tanding the extent to which facultative scavenging occurs in
reshwater systems (Orihuela-Torres et al. 2024 ). Although ob-
igate scavengers are relatively well documented, much less is
nown about species that engage opportunistically in scaveng-
ng. Understanding the scope and ecological significance of fac-
ltative scavengers is essential for capturing the full range of
cavenger activity in freshwater environments. Another area in
eed of further investigation is the spatial and temporal dynam-
cs of scavenger behavior (e.g., Preiszner et al. 2024 ). Freshwater
cavengers likely vary in their activity across different environ-
ental conditions, carrion availability, and seasonal patterns. Re-
earch is needed to determine how these factors influence scav-
nger distribution and behavior over time and space. Such knowl-
dge is vital for linking scavenger populations to broader ecosys-
em processes, such as nutrient cycling and food web dynam-
cs. Human impacts, including land-use changes, habitat degra-
ation, and pollution, also likely affect scavenger dynamics, but
here is limited research on how these activities alter both scav-
nger populations and the availability of carrion. For example, an-
hropogenic activities resulting in habitat fragmentation can al-
er the ability of scavengers to move within their aquatic envi-
onments (e.g., Piczak et al. 2019b ); however, the extent to which
hese barriers prevent scavenging remains unknown. More re-
earch is needed to understand how human activities interact
ith scavenger behaviors and to predict the potential conse-
uences of these disruptions on freshwater ecosystems. The im-
act of invasive species on freshwater scavenger dynamics repre-
ents another critical knowledge gap. It is unclear whether na-
ive scavengers interact with nonnative carcasses and how in-
asive scavengers may alter ecological processes by competing
ith native species or altering scavenger–carrion interactions

Orihuela-Torres et al. 2022 ). Understanding these interactions is
ssential for assessing the broader ecological impacts of inva-
ive species on freshwater ecosystems. Climate change adds an-
ther layer of complexity, because it is expected to affect car-
rion availability, scavenger behavior, and ecosystem conditions.
Shifts in temperature, extreme weather events, and changes in
precipitation patterns may influence the timing and quality of
carrion resources, as well as scavenger population dynamics. Al-
though this has been studied in terrestrial systems (Marneweck
et al. 2021 ), additional research is needed to understand how
climate-induced changes will affect scavenger roles and their in-
teractions with freshwater ecosystems. To address these gaps,
empirical experimental studies are needed to explore scavenger-
mediated processes across a range of freshwater habitats and
species. By addressing these key research questions, future stud-
ies can significantly advance our understanding of the role of
scavengers in freshwater ecosystems and help fill critical gaps in
the literature. 

Conclusions 

Obligate and facultative scavengers are common, albeit cryptic,
in freshwater and riparian systems. We identified and synthesized
diverse ways in which these animals benefit people and contribute
to ecosystem structure and function. However, the world is chang-
ing, and we are currently facing a freshwater biodiversity crisis
in the Anthropocene (Harrison et al. 2018 ). The extent to which
threats facing freshwater biodiversity also affect scavengers is un-
clear, but failure to include scavengers in efforts to protect, re-
store, and manage freshwater systems would result in outcomes
that could be far reaching and lead to extirpation of these organ-
isms and potentially the alteration of entire ecosystems via direct
and indirect processes. Ensuring that scavengers are included in
bespoke management plans (especially related to protection poli-
cies for transboundary populations or species) as well as efforts to
develop coordinated ecosystem management plans that explicitly
include scavengers would represent major steps forward. Effec-
tively communicating and celebrating the important role of fresh-
water and riparian scavengers is crucial for their integration into
ecosystem management and for generating the public and polit-
ical will needed to ensure their protection and sustainable man-
agement. 
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