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Vertebrate scavenging contributes to key ecosystem functions through the

cycling of nutrients from carrion. However, the dynamics of scavenging are

complex with many unknowns, necessitating the use of multiple metrics to

measure the dynamics within vertebrate scavenger assemblages and the impact

of scavenging on ecological systems. We propose a conceptual model

representing a series of the scavenging processes that are critical to ecosystem

functioning. The model includes 13 key metrics based on 4 primary questions to

consider in studies of vertebrate scavenging to explain how scavenging dynamics

are related to ecosystem functions. Our model enhances understanding of how

scavenging dynamics impact ecosystem functions at different spatial and

temporal scales and offers a framework for future studies to refine our

understanding of scavenging across different ecosystems.
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1 Introduction

Consumers of dead animal tissues (i.e., carrion) can be classified into two main groups:

scavengers (which consist of vertebrates and invertebrates) and decomposers (which

consist of microorganisms; Olea et al., 2019). Vertebrate scavengers often act as the

primary consumers of carrion, and by consuming the carcasses they keep the energy from

carrion flowing at higher levels in food webs (DeVault et al., 2003). This scavenging process

contributes to ecosystem maintenance through various ecosystem functions [e.g., food web

dynamics (Steinbeiser et al., 2018; Wilson andWolkovich, 2011), nutrient cycling (DeVault

et al., 2003; Wenting et al., 2024), nutrient movement (Payne and Moore, 2006; Subalusky

et al., 2017; Quaggiotto et al., 2018), disease control (Vicente and VerCauteren, 2019;

Moleón and Sánchez-Zapata, 2021)]. Therefore, understanding vertebrate scavenging and

the factors that drive its various dynamics are important to clarify ecological maintenance

mechanisms involved in the carrion decomposition. Here, we define scavenging dynamics

as the carrion–scavenger interactions that directly and indirectly provide ecosystem

functions through carrion consumption, and the mechanisms that maintain

these interactions.
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The scavenging process is complex, and there are multiple

metrics that can be used to measure scavenging dynamics within

vertebrate scavenger assemblages and the impact of scavenging

dynamics on ecological systems. Nevertheless, there is little

consensus to date on the best variables and metrics to explain

scavenger dynamics. This knowledge gap is an important topic of

discussion, as the specific metrics and variables chosen can affect the

interpretation of data and conclusions, as well as comparisons

across different geographical areas. To begin the discussion of

filling this knowledge gap, we outline 4 primary questions

(Figure 1) and 13 key metrics (Table 1) to consider in studies of

vertebrate scavenging. By tracking these metrics across different

systems, researchers can gain a comprehensive understanding of

vertebrate scavenger communities and their ecological roles. This is

especially important for vertebrate scavenger communities, which

are increasingly threatened by anthropogenic activity and

development around the world (Newsome et al., 2024; Sebastián-

González et al., 2019, Sebastián-González et al., 2020). We briefly

explain what can be derived from these questions and metrics, along

with their challenges, and provide our perspectives on future

prospects based on the conceptual model we propose.
2 How do we understand scavenging
dynamics?

The form of scavenging dynamics can be evaluated from three

perspectives: (1) the scavengers—“what is the structure of scavenger

assemblage?”; (2) the carcasses—“what are the patterns of carrion

consumption?”; and (3) the mechanisms—“what mechanisms

maintain the carcass–scavenger interactions?” Clarifying these

three perspectives forms the foundation for comparing scavenger

communities across ecosystems and lead to the development of

applied research including meta-analyses (Sebastián-González et al.,

2019, Sebastián-González et al., 2020; Montenegro et al., 2025).

Identifying scavenger assemblages promotes understanding of

the ecological community and the diversity of scavengers. This

provides foundational information for the conservation of

scavenger species (including functional traits or species

vulnerability), and metrics of richness and diversity are useful at

local and global scales. The development of camera trap technology

has allowed the identification of vertebrate scavenger species and

assemblages to progress rapidly (Newsome et al., 2021). However,

there is still a geographical bias in the regions studied, and there is a

need to accumulate more knowledge in South America, Africa, and

Asia. In addition, small animals such as rodents and ectotherms

such as reptiles are often missed by camera traps and are thus often

not recognized as scavengers (e.g., Gerke et al., 2022; Smith et al.,

2017). In terrestrial ecosystems, knowledge of underground and

arboreal spaces in three-dimensional environments is also limited

compared to ground-level spaces (Smith et al., 2017). Moreover, the

knowledge of marine and freshwater ecosystems is also limited due

to the lack of development of low-cost observation techniques.
Frontiers in Ecology and Evolution 02
Therefore, further research on these species, spaces, and ecosystems

is needed.

The perspective of the carrion is directly linked to the evaluation of

the ecosystem functions provided by scavenging. This is because the

dynamics for the time of detection and amount of carcasses consumed

are closely linked to the activities of invertebrates and decomposers,

thereby determining the nutrients derived from carrion. The evaluation

of which scavengers contribute to the detection and consumption of

carrion (i.e., in combination with perspective of scavengers) could be an

effective tool for identifying species that play an important role in the

formation and function of scavenger assemblages. For example,

anadromous salmon migrate from the ocean to rivers during

spawning and die after spawning, and the majority of the salmon

carcasses are consumed by brown bears (Ursus arctos), transporting

marine-derived nutrients inland (Helfield and Naiman, 2006; Levi

et al., 2015). Here, identifying the brown bear as the primary scavenger

and quantifying how much salmon bears consume allows for the

clarification of the bear’s role in the consumption and nutrient

movement of salmon carcasses. As another example, quantifying the

use and consumption (i.e., removal carrion) by various bird scavengers

could help clarify the role of each species in preventing the spread of

diseases within pastoral agroecosystems (Peisley et al., 2017). Thus, the

roles of species in scavenger assemblages are not equal—as some

species contribute significantly more to carrion consumption and

community diversity.

Measurement of the mechanisms that maintain the carrion–

scavenger interactions is one of the least understood topics in the

study of scavenging dynamics. Within scavenger communities,

facilitative and competitive species interactions occur through

carrion acquisition (e.g., Naves-Alegre et al., 2022). These

interactions are essential drivers for determining the role of

species and species composition of the assemblage, and the loss of

species that play a key role in these interactions could lead to the

collapse of stable scavenging dynamics. Ecological networks such as

a nestedness are useful for identifying these important species (e.g.,

Allen et al., 2014; Selva and Fortuna, 2007). Evaluating the diel

patterns and sequence in which scavenger species visit a carcass can

help in understanding intra- and inter-specific interactions.

However, the identification of the interactions themselves is

insufficient, and the remaining challenge is clarifying the specific

interactions driving the scavenging dynamics.
3 Complexity of factors influencing
scavenging dynamics

The scavenger assemblage and its functions are influenced by

complex interactions of a variety of factors, and this has been a major

research question in many studies. Supplementary Table S1 shows

the variables selected as metrics of factors influencing scavenging

dynamics (abiotic, biotic and anthropogenic factors). These variables

have increased with the growing number of case studies, but there has

been no consensus reached regarding their selection.
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When examining factors that influence scavenging dynamics, it

is important to select variables that consider the spatial and

temporal scales of scavenging dynamics and carrion–scavenger

properties which do not depend on the size of spatial and
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temporal scales. Pardo-Barquıń et al. (2019) highlighted that the

structure of scavenger assemblages is driven by different

characteristics operating as ecological filters at different habitat

scales (i.e. local, landscape, and biogeographical). Additionally,
FIGURE 1

The conceptual model represents a series of scavenging dynamics and ecosystem functioning. The model explains 13 metrics (bold italics; Table 1)
by four primary questions (red text; groups in Table 1) to consider in scavenging research. The observed scavenging dynamics will be filtered out
from the potential scavenger assemblage. These filters encompass three factors (abiotic factors, biotic factors, anthropogenic factors) operating
across varying spatial and temporal scales (global scale, regional scale, local scale, carrion–scavenger properties properties). The observed
scavenging dynamics provide four ecosystem functions (food web dynamics, nutrient cycling, nutrient movement, and disease control). The metrics
of the four ecosystem functions (gray box) integrate the ecological indicators proposed by Newsome et al. (2021). Each ecosystem function
operates at different spatial and temporal scales because scavenging dynamics span across different spatial and temporal scales.
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Sebastián-González et al. (2019) suggested that different climatic

scales and anthropogenic factors impact scavenger assemblages. Of

course, incorporating large scales requires the use of large-scale

datasets, which pose challenges such as geographical imbalances

and low spatial resolution. In addition, the variables are often

interrelated and cannot always be clearly distinguished from each

other. For example, temperature and season are often correlated,

while habitat and vegetation are also closely linked. Nevertheless,

understanding that various factors influence scavenging dynamics

hierarchically at different scales could provide a guide for selecting

the appropriate scales and variables.

In contrast to abiotic and anthropogenic factors, biotic

factors must be considered as carrion–scavenger properties

that influence scavenging dynamics at any spatial and temporal

scale. The biotic factors can be understood from either the

carcass or scavenger perspective. For example, carrion-related

factors include carcass size, carcass type, cause of death, and time

of death, while scavenger-related factors include the carrion
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importance (i.e., demand) and carrion preferences. Carrion

consumption by invertebrates and decomposers, whose

activities are greatly influenced by the environment, also

impact scavenging dynamics through competition with

vertebrate scavengers.

It is important to not lose sight of the goal of determining

whether these factors influence the scavenger assemblage, carrion

consumption patterns, or the underlying mechanisms themselves.

Previous studies have tended to focus on the questions of what

factors influence the scavenger assemblage and carrion

consumption patterns, with little consideration of their impact on

underlying mechanisms. For example, when a factor affects the

foraging behavior of scavenger species at a given time, it suggests

that the factor is influencing the mechanisms. Considering that

interspecific information flow can influence community

composition and its functions (Goodale and Magrath, 2024),

identifying the factors that affect the mechanisms of scavenging

dynamics is essential for future research.
TABLE 1 Key metrics of scavenging dynamics and its drivers to consider the scavenging studies.

Group Metric Measurement Resolution Purpose

A Abiotic factors Environmental variables that affect
scavenging dynamics on a global,
regional, local scale

Species, Biological
groups, Assemblage

Measure the drivers that affects the
scavenging dynamics

A Anthropogenic factors Anthropogenic variables that affect
scavenging dynamics on a global,
regional, local scale

Species, Biological
groups, Assemblage

Measure the drivers that affects the
scavenging dynamics

A Biotic factors Biotic variables that affect scavenging
dynamics on inner-system properties

Species, Biological
groups, Assemblage

Measure the drivers that affects the
scavenging dynamics

B Species richness Number of scavenger species present
at carrion

Species Measure the scavenger assemblage, and contributions
of scavengers to ecological communities

B Species diversity Diversity of scavengers present
at carrion

Species Measure the scavenger assemblage, and contributions
of scavengers to biodiversity

B Frequency of scavenging Rates of scavenging by species or groups
at carrion

Species, Genera,
Biological groups

Measure contributions of scavengers to ecological
communities and biodiversity

C Time to carcass detection Duration until species or community
detect the carcass

Species, Genera,
Biological groups

Measure the ecosystem services provided by the
scavenger community through the interactions among
scavengers and the carcass consumptions associated
with the carcass detection

C Time to carcass
consumption

Duration until species or community
consume the carcass

Species, Genera,
Biological groups

Measure the ecosystem services provided by the
scavenger community through the
carcass consumption

C Quantity consumed Quantities or rates of carrion consumed Individuals, Species,
Genera, Biological groups

Measure the contributions of scavengers to ecosystem
services through waste consumed

D Ecological networks Nestedness Species A measure of community structure, and contributions
of scavengers to carcass–scavenger interactions

D Diel temporal use Diel activity patterns at carcasses Species Adaptation to the competitors, the facilitators and
human activity

D Visitation progression How scavenger visitation changes
over time

Species, Genera,
Biological groups

A measure of nutritional requirements of scavengers
and an adaptation to competitors or the
carrion facilitators

D Interactions Intra- and inter-species interactions
(competition and facilitation)

Individuals, Species Adaptation to competitors or the carrion facilitators,
and a degree of contributions of scavengers
to biodiversity
Groups A to D are linked to the four questions in Figure 1.
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4 Integrated conceptual model

We developed a conceptual model representing a series of

processes linking scavenging dynamics and ecosystem functioning

(Figure 1). Our model groups 13 metrics (Table 1) by four questions

(Groups A–D: Figure 1) to consider in scavenging research and

explains how scavenging dynamics are related to ecosystem

functions. This model extends the multi-scale model proposed by

Pardo-Barquıń et al. (2019), which identifies the factors determining

scavenger community composition, and integrates the ecological

indicators of scavenging proposed by Newsome et al. (2021). By

systematically presenting metrics for measuring the impact of the

complex dynamics of scavenger communities on ecosystems, this

model broadens the discussion of potential metrics and variables to

be considered in future research. Our model is based on terrestrial

vertebrate scavenger communities, where research has progressed the

most (Newsome et al., 2021). However, our model can also

theoretically be applied to different ecosystems such as marine or

freshwater ecosystems, as well as to different invertebrate communities.

Our conceptual model is composed of three main components:

ecosystem functions, scavenging dynamics, and drivers of scavenging

dynamics. Scavenging dynamics are composed of Groups B–D in

Figure 1, and by examining these three aspects, we can gain a

comprehensive understanding of how scavenging provides ecosystem

functions. However, it is important to note that these dynamics are

influenced by complex and overarching set of driving factors (Group A

in Figure 1), which are hierarchical and can be split into three different

metrics (i.e., abiotic, biotic, and anthropogenic factors) across different

spatial and temporal scales (global, regional, local, and inner-system

properties). Therefore, it is important to consider at which

spatiotemporal scales scavenging dynamics are evaluated when

designing scavenging research. Tracking scavenging dynamics and

their ecosystem functions with hierarchical scales, as shown in the

conceptual model, requires enormous effort. On the other hand, the

unraveling of these scavenging dynamics from different approaches

has already begun in countries such as Spain (e.g., conservation:

Margalida et al., 2010, Margalida et al., 2012; Aguilera-Alcalá et al.,

2020) and Australia (e.g., invasive species: Newsome et al., 2024).
5 Conclusions

Recent reviews on carrion and scavenging have focused on topics

such as the potential impacts of anthropogenic changes [e.g., global

changes (Bartel et al., 2024) and introduced species (Newsome et al.,

2024) on terrestrial scavenging processes, and proposals to integrate

scavenging into wildlife management (Patterson et al., 2022)]—which

are leading to cutting-edge research. There is also a recent review

which focuses on inland aquatic ecosystems, where research is

relatively underdeveloped (Orihuela-Torres et al., 2024). These

trends suggested that scavenging studies of terrestrial ecosystems

are entering a transitional phase toward applied research, and other

less-studied ecosystems and regions are entering a phase of expanded

basic research. Amid this rapid increase in the research of scavenging

in ecosystems, we strongly advocate that those interested in carrion
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ecology should focus on contributing to the overall picture of

scavenging dynamics. This is because, whether in basic or applied

research, we ultimately need to combine indicators of scavenging and

ecosystem dynamics to determine the actual ecosystem functions

provided by scavenging. Since scavenging dynamics operate across

different spatial and temporal scales, it is also necessary to evaluate

each ecosystem function at different spatial and temporal scales. For

example, the impact of scavenging dynamics on nutrient cycling can

span several years in the case of mass mortality events (Subalusky

et al., 2017), whereas it may be completed within hours for smaller

carcasses (DeVault and Rhodes, 2002). The impact of scavenging

dynamics on nutrient movement can sometimes cross ecosystems

(Quinn et al., 2009), whereas it may at times be confined to only

around the carcass. All of these functions are influenced by

scavenging dynamics. The ecological indicators of ecosystem

functions summarized by Newsome et al. (2021) are useful, and it

is important to clearly state the conditions of scavenging dynamics

under the derived results of metrics.

In conclusion, to compare and clarify the ecosystem functions

provided by scavenging across ecosystems, further case studies are

needed. Therefore, our conceptual model can be applied in several

complementary tools throughout the research process: (1) identify

the types of information currently lacking in the focal study system,

allowing researchers to refine high-priority questions (Groups A–D

in Figure 1) and clarify research goals; (2) determine the

appropriate metrics and variables based on the spatial and

temporal scales (Group A in Figure 1); (3) clarify the perspective

(Groups B–D in Figure 1) for evaluating scavenging dynamics in the

focal study and to design the research accordingly; and (4) interpret

results and extract appropriate conclusions by understanding the

flow of the scavenging process. Furthermore, establishing a

consensus on the primary variables for metrics within each

component of the conceptual model would facilitate more global

and systematic comparisons of scavenging dynamics and their

associated ecosystem functions, both inner- and inter-systems.
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