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Abstract

Mammals play a large role in the ecosystems where some, especially large-bodied
mammals, act as ecosystem engineers. Mammal carcasses, particularly those of large
body mass act as a temporary island of dense nutrients that support other organisms,
including other mammal species, for an extended period. Research in this field currently
focuses on the link between mammal carcass size and nutrient availably or on non-
mammalian size and biodiversity, but little is available on the correlation between
mammal carcass size and its influence on ecosystem biodiversity. Here we ask, does the
available biomass (i.e., body size) of the carcass affect its role in ecosystem function?
Using a camera-trap monitoring system in a forested, sparsely populated site in the
Arkansas River Valley, we measured the biodiversity associated with three mammal
carcasses of small and medium size. A medium mammal carcass (5.5 kilograms) attracted
9 mammal species, with some up to 27 kilograms, over a period of two weeks. A second
medium-sized mammal carcass (2.2 kilograms) attracted 7 species over a period of two
weeks. A third small-sized mammal (1.2 kilograms) attracted 5 species over a period of
two weeks. All mammals exploited the carcass in some manner, either by scavenging the
carcass or feeding off the insects that also consume the carcass. When compared to the
controlled observations at the same region, when no carcasses were present, there is an
increase in the diversity and abundance of species observed. This demonstrates that living
mammals exploit mammal carcasses for resources and suggests that the larger a carcass
is, the more it may serve as an important resource to the nutrient cycling of an ecosystem.
These results can be used to understand the impacts of biodiversity loss, specifically the

loss of large-bodied mammals.



Introduction and Background

Mammal biodiversity is rapidly declining, as a result of human activity (Johnson
et al., 2007). These changes are not isolated from the wider ecosystem; a change in one-
part results in changes elsewhere. The cascading effects of large mammal biodiversity
loss are largely negative to the health of the global ecosystem (Estes et al., 2011; Johnson
et al., 2007), yet the full extent of the role that mammals play in the ecosystem is unclear
(Lacher et al., 2019). This study will examine an understudied function of mammals: the
role their carcasses play in the ecosystem after death.

Large mammals serve critical roles in maintaining the balance and health of an
ecosystem (Lundgren et al., 2021). They are significant in the maintenance of complex
trophic networks (food chains), as large mammals fill a wide range of roles, from
predator to prey across the globe (Bilney et al., 2010; Lacher et al., 2019). Large
mammals from all levels of the food chain have been observed to shape ecosystems
through vegetation modification and landscapes of fear (Lacher et al., 2019). As
ecosystem engineers, the decline and impending extinction of many large mammal
species across the globe has ecological implications for the surviving species, including
humans (Barton et al., 2016).

Ecological studies of the necrobiome (life associated with decomposing matter)
indicate that carcasses and other decomposing matter are necessary to maintain the health
of a biological system (Benbow et al., 2018). Decomposing matter, including mammal
carcasses, contain essential nutrients like nitrogen and phosphorous, that are recycled
back into the ecosystem by other organisms (Jenkinson et al., 1990). The decomposition

process may even provide long-term sources of energy to an ecosystem, as is the case in



“whale-drops” (whale carcasses that become large sinks of nutrients) on the seafloor or
the consumption of terrestrial animal carcasses by scavengers (Feldman et al., 1998;
Smith et al., 2015; Subalusky et al., 2017). Decomposition is indisputably important in
ecosystem function, yet as biological diversity declines, particularly among large
mammals, other questions arise. Does the available biomass (i.e., body size) of the
carcass change its role? How is the carcass exploited by other members of the ecosystem?
This research seeks to understand the role of mammal body size during carcass
decomposition and its role in maintaining living mammal diversity.

Numerous studies address the role of decomposition in the health of an ecosystem
(Enriquez et al., 1993; Scholes et al., 1997; Swift et al., 1979). For example, mammal
carcasses affect insect succession and diversity (Pavaraj et al., 2018; Turner et al., 2017,
van Klink et al., 2020) and changes in decomposing plant biomass availability influences
species diversity. Yet, how the size of an animal carcass influences the necrobiome is
unknown. While the decomposition of all organisms is important, the nutrients derived
from decomposition, time available, and the type of species supported differs
substantially between animal carcasses and plant biomass (Benbow et al., 2018).
Mammal carcasses, particularly those of large body mass, have a disproportionate effect
on an ecosystem in that they act as a temporary island of dense nutrients that support
organisms throughout the ecosystem, including other mammal species, for an extended
period (Benbow et al., 2018; Carter et al., 2007).

The research project proposed here will test the prediction that mammal carcass
size is positively correlated with the number of mammal species and mammal abundance

associated with that carcass. The findings of this study will contribute to an



understanding of the full range of mammalian ecosystem functions: from life through
decomposition. This information is increasingly urgent to gather as numerous large
mammals face extirpation (local extinction) and, even more devastatingly, total
extinction. | predict that the body size of a carcass influences how much diversity a

carcass can support; that is, alpha diversity will be positively correlated with body size.



Methods and Materials

Carcass Collection: With permission from the City of Fayetteville Police
Department and Arkansas Game and Fish Commission, roadkill was used as the source
for the carcasses. The timeframe for collection was 0-2 days after death, to ensure the
carcass was at early stages of decomposition.

Two categories of mammal body mass were
selected for the carcasses: small (0.4-4.9kg) and medium
(5.0-34.9kQg). These masses correspond to the common
: masses of micromammals (e.g., squirrels and rodents) and
mesomammals (e.g., raccoons and dogs). While mammal
sizes vary considerably more, mammals of extreme sizes
(>100kg) have been extirpated from Arkansas and thus were
not considered for this study. We obtained average body
mass estimates from the Mass of Mammals Database (MOM

v10.2), which includes estimates for most late Quaternary

Figure 1: (From top ‘0 bottom, in Mammals (Smith et al., 2003). Three mammal carcasses of
order) Images of the carcasses

used in carcass trials: a racoon,  different weights were collected and placed in Northwest
rabbit, and opossum. Carcasses

were estimated to have been : . :
found within 0-2 days of death to Arkansas (Fig. 1): Rabbit (1.2kg), Opossum (2.2kg), Racoon

ensure minimal decomposition

had taken place. (55kg)

Site Selection and Carcass Placement: The study
site is located on approximately 150 acres of private property located in Dover, AR (Fig.
2). Permission was obtained from the Funk family who own and occupy roughly 10 acres

within this private property. This site was chosen for its remote location bordering the



Ozark National Forest. The property is primarily forested with human development (e.g.,
roads and shopping centers) to the south and southwest. Since the project is set in an area
with human development, some
anthropogenic (human) effects were
expected on the study. Thus,
domestic animals, such as human

pets or feral livestock, were

Figure 2: (From left to right) A topographic map of the study area included in the data collection.
and google earth imagery of the study site. On the google earth

image, the boundaries of the study site are denoted in red (courtesy Each carcass was Separated
of Dr. Amelia Villasenor and Dr. Lucas Delezene).

by at least 5km to prevent one site from influencing
another. Sites were chosen based on their relative
proximity to animal game trails. While weather (e.g.,
temperature and precipitation) may influence the
types of animals that visit the carcasses, the timeline

for carcass placement and data collection took place

Figure 3: Photo of rabbit carcass
secured at the experiment site to
prevent movement.

over multiple seasons to mitigate its influence. The
carcasses were held in place using rope and rebar
spikes (Fig. 3) that have been hammered into the soil. These precautions ensured that the
carcasses were not dragged away immediately. Once in place, carcasses were then
monitored for approximately 3-4 weeks. The data collected focused on mammal

occurrences, particularly those that exploited the carcasses.



Field Data Collection-Camera Traps and Carcass Position: Three control
studies were conducted over a period of three years in either March or April (2020-22).
Control sites were on the opposite the
human-occupied portion of the
property and cameras were placed on

game trails. Game trails were defined

| g wra e oemao sorse as narrow paths where vegetation was

Figure 4: Pilot study camera image of setup and mammal
(possum) interaction with the carcass more than a week
after the carcass was set (images taken in conjunction
with Troy Warfield and Dr. Amelia Villasenor). often present. No carcasses were

clearly eroded, and animal prints were

present during the control trials and motion-captured photos of animals using the game
trails were collected to serve as a baseline of mammal composition and diversity on the
property. Two
types of game
cameras were
used during data
collection:
Bushnell and
Reconyx, both

cameras had

Figure 5: (From left to right) Images taken showing the position of the camera traps at motion triggers
each site, with two cameras in two locations capturing mammal occurrences. The yellow
circle indicates where a camera is placed.

that captured two
photos and a video. During carcass trials, a minimum of two cameras were present per

carcass, with each camera capturing different angles of the carcass. The cameras were



positioned roughly 10-20 feet from the carcass to allow for observation of the carcass
and surrounding area (Fig. 5). Any motion at the site also triggered multiple photos and a
video. Additionally, the Reconyx camera captured a time lapse of the site (one photo was
taken every five minutes over each 24-hour period).

Statistical Analysis: Mammal occurrences were compiled from control trial and
carcass trial camera trap images, which were collected over two-to-three-week periods.
Species richness is defined as the number of different animal species observed at a site
within a specified time-period (e.g., 15-20 days). When calculating abundance, a species
was counted as a new occurrence if it was not observed for at least 30 minutes (Reece et
al., 2021; Stein et al., 2008). If multiple individuals of a single species were observed, the
maximum number of species observed within a 30-minute period is counted as the
abundance of that group (Hansen et al., 2020). Mammals were identified using lists of the
types of mammals present in Northwest Arkansas (via historical and current data —
Arkansas Game and Fish Commission and available mammal lists).

An alpha diversity metric, the Shannon-Weiner index, was used to quantify
diversity. The formula for the Shannon-Weiner index is, H = —X[(p;) * log(p;), where
pi is the proportion of each species measured. This metric thus accounted for both the
species richness and relative abundance (Chao et al., 2014). Alpha diversity was
calculated for each carcass and for two control periods where no carcasses were present.
Species accumulation curves were also used to estimate sampling differences within and
between the control and carcass trials. Diversity index calculations and species

accumulation curves were performed using the package ‘vegan’ and plots were created
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using ‘ggplot’ (Oksanen et al., 2016). All other calculations were performed in base R
(Team, 2013).

Biosafety: University of Arkansas biosafety policies were followed when in
contact with the carcass (e.g., the use of personal protective equipment, disposable bags,
etc.). Following the completion of observation, the carcasses were disposed of following

University of Arkansas biohazard policies.
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Results

. . Total
Sample Shannor! mde_x Richness Observation observations Body
(alpha diversity) (days) ") size (kg)
Racoon 1.420891 9 17 656 5.5kg
Opossum 1.261525 6 14 276 2.2
Rabbit 1.174358 5 14 79 1.2
April
control 2020 1.083565 7 20 649 NA
March
control 2022 0.7393213 3 15 31 NA
April
control 2021 0.36 3 15 66 NA

Table 1: Summary results table indicating the sample measured (i.e., carcass or control group), the corresponding alpha
diversity calculated from Shannon-Weiner Diversity Index, and taxa present (richness). The table also includes the number of
days each sample was observed, the total number of observations (total animal occurrences), and body size where applicable.

Control Trials: The three control trials, which occurred over three years (2020-
22) when no mammal carcasses were present, were lower in diversity compared to trials
where carcass were present (Table 1). Only one control trial, April 2020, captured a
similar number of species (7) to animal carcass trials (Fig 6A). During the control trials,
the mammal community was largely dominated by herbivores, such as deer and rabbits

(Fig 6 A-C).

B

. . o
April 2020 camera counts April 2021 camera counts Mareh 2022 camera counts

A00

e e of n— o| N

© ) >
ofF e @ & o o o o e«
Taxon Taxon Taxon

Figure 6: Counts of taxa observed at each location plotted against the counts of taxa richness for the control
sites. The highest taxa counts were that of deer and raccoon.
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SpECies accumulation curves Control richness accumulation

10

demonstrated that control trials were slower \ April 2020 \
@0 - l L

to accumulate species richness over time o | }‘ - {

compared to mammal carcass sites (Fig. 7). S March 2022

Further, the trials from 2021 and 2022,

= April 2021

likely under sampled community diversity 5 10 15 20
Days
and are not appropriate baselines for the total Figure 7: A graph plotting the days of

observation versus number of taxa observed to
estimate the species accumulation curve at
each camera site.

species richness for the area. However, the trials
from 2021-22 demonstrate that, without carcasses, it can take greater than 15 days to

accumulate a representative sample of mammalian species.

Carcass Trials: All three carcass trials exhibited higher alpha diversity than any
of the control trials. Unlike the control trials, the mammal community associated with the
carcass trials was largely dominated by carnivores, such as racoons, and animals that
were rarer in control trials, such as opossums and foxes, were more common at some of

the carcass trials (Fig. 8B). some carcasses were shown, however, to not have

A. B. s

Racoon carcass camera counts Rabhit carcass camera counts Possum carcass camera counts
20

504

2

Count

z

& ¥ % g

> Ooa P L o+ o & = - o i o
cw & \a@ ¢ g ¢ o @ o o o
* Taxon ¢ ¢ Taxon < o " Taxon a

Figure 8: (from Left to Right) Counts of taxa observed at each location plotted against the counts of each
taxa (richness). The left graph (A) is the largest carcass (racoon) and shows nine taxa, where opossum and
racoon have the highest counts. The middle graph (B) is the smallest carcass (rabbit) and shows 5 taxa, with
opossum and racoon having the highest counts. The right graph (C) is the second largest carcass (opossum)
and shows six taxa, where racoon and deer have the highest counts.
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representation from some species within

Carcass richness accumulation

10

their community composition, such as

o | | 2 | with the absence of opossums at the
< T+ PN opossum carcass. Further, species
E e ____7___‘~>_.7s ' .
=1 T accumulation curves (Fig. 9) of the

“7 1’,,’-/"/ y dl carcasses trials show that species

P’y
° , , richness is accumulates more quickly
5 10 15

Days over shorter periods compared to the

Figure 9: A graph plotting the days of observation
versus number of taxa observed to estimate the species

control trials. Thus, carcasses draw a

accumulation curve for each carcass type (indicated by .
animal silhouette). The smaller carcasses tend towards broader range of species to carcasses at

lower/less steep accumulation curves, indicating less
mammal diversity associated with smaller carcasses. a faster rate than when no carcasses are

present. Finally, larger carcasses are associated with higher diversity, suggesting
carcasses draw more species and have more even occurrences of those species through

time.
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Discussion and Conclusion

The results of this study support the prediction that the body mass of a
mammalian carcass is positively correlated with the mammalian diversity associated with
that carcass. There are caveats to this prediction, however. It appears that some species,
particularly carnivores, avoid cannibalism when utilizing carrion (Moleon et al., 2017),
which may account for the notable lack of opossums within the scavenger assemblage at
the opossum carcass site. In future trials, we expect that larger species’ carcasses, such as
deer, would draw a broader diversity of mammals over longer periods. These results
reinforce the idea that carcasses are hotspots for diversity across ecosystems (Smith et al.,
2015; Taylor et al., 2020) and that animal body size is correlated with its function in the

ecosystem, and thus should be considered for future studies.

Decomposing carcasses are a sink of essential nutrients that are recycled back
into the environment (Benbow et al., 2018; Scholes et al., 1997; Swift et al., 1979)
Elements like nitrogen and phosphorous remain evident at high levels in soil composition
for up to five years following a carcass placement (Barton et al., 2016; Benninger et al.,
2008; van Klink et al., 2020). Further, the larger a species’ biomass, the greater density of
biochemical nutrients it reserves during life and releases after death (Elser et al., 2000;
Elser & Hamilton, 2007; Vanni et al., 2013). The relationship between biomass and
biochemical density emphasizes the importance of large animals within an ecosystem
because dense pockets of valuable nutrients can support an increase in the carrying
capacity of environments. This phenomenon is exemplified during whale-falls that occur

in largely nutrient deficient locations (at the bottom of the ocean) but are still evident in
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comparatively nutrient-rich areas like forests and grasslands (Bump et al., 2009; Smith et

al., 2015; Subalusky et al., 2017).

Studies conducted in other continents show that the relationship between carcass size
and the associated mammal diversity can be complicated by biotic interactions, such as
competition. Similar studies examining the mammal diversity associated with carcasses
were conducted on the Majete Wildlife Reserve (Malawi) and Hluhluwe-iMfolozi Park
(South Africa). These reserves are not only different from this study in species
composition but are different in that they retain megaherbivores and megacarnivores
(>44kqg)- a characteristic that many ecosystems outside of Africa and Asia lack. Within
Malawi and South Africa, megafauna included elephants, hippopotamuses, rhinoceroses,
lions, and hyenas. These megafauna are vastly larger than any animals found in Arkansas
at present, where the largest wildlife are elk and black bears (Moleén et al., 2015; Reece
et al., 2021). Contrary to the study presented here, the studies in southern Africa found
that as carcass size increased, the diversity of species at the carcass decreased (Moledn et
al., 2015; Reece et al., 2021). Large carnivores competitively excluded smaller carnivores
at the sites where larger carcasses were available. Larger carnivores monopolize
carcasses and continue to feed on it over time, thus preventing an increase in the medium
and small scavengers. At sites with small carcasses, mammals were composed of only
small and medium carnivores. It was also noted that small carnivores were likely to avoid
these larger carcasses due to the possibility of predation by the larger carnivore (Moledn

etal., 2015).

Since few large carnivore species are present outside of Africa and Asia, this has

largely removed the ecological pressures placed on small and medium sized carnivores
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and has resulted in the increase in mesocarnivore populations via “mesocarnivore
release” (Allen et al., 2015; Berger et al., 2008). Ecological communities are structured
by various trophic levels that transfer energy sequentially from one to another. As was
documented in southern Africa, larger animals tend to dominate the top of these trophic
pyramids, requiring larger amounts of resources that pull from the ecosystem around
them. When large carnivores are extirpated from ecosystems, as they are in the southern
United States, the top non-human predator is usually a mesomammal. In the absence of
predation or competition for resources by larger mammals, the population of these
animals can increase. Medium-sized mammals have thus filled the empty niches left by
the extirpation of large mammals in many parts of the United States. Mesomammals,
such as coyotes, raccoons, or opossums can increase their population sizes as they no
longer face predation and competition by larger carnivores like wolves, which alters the
manner in which carnivores of this size interact with their environments. The lack of
large animals in Arkansas, which decreases the likelihood of competitive exclusion
mesocarnivores face, may have resulted in the positive correlation between carcass size
and diversity found in this study, suggesting that functional roles shift as species are

driven to extinction or extirpation.

North American ecosystems are fundamentally different than they were over ten
thousand years ago in that there is a lack of megafauna throughout much of the United
States. Because of this, functional roles once filled by smaller populations of larger
mammals have been filled by mesomammals that have dramatically different ways in
which they interact with their surroundings. This alters the diversity of many

environments and can drastically alter the structure, function, and maintenance of many

17



different ecosystems. These alterations to the environment are often due to anthropogenic
factors, one of which is the total removal of carcasses from most urban ecosystems. By
removing such nutrient dense sources in ecosystems, humans continue to alter

ecosystems in dynamic ways that may leave lasting impacts.
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