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Factors influencing the acquisition of rodent
carrion by vertebrate scavengers and
decomposers

Travis L. DeVault, I. Lehr Brisbin, Jr., and Olin E. Rhodes, Jr.

Abstract: Vertebrate scavengers and decomposers compete for animal carcasses in all temperate and tropical ecosys-
tems. We examined the influence of carcass size, forest type, and air temperature on the fate of rodent carcasses at the
Savannah River Site, South Carolina, USA. Three hundred rodent carcasses were placed at random locations in forested
habitats and scavengers were identified using remote photography. Seventeen species of vertebrates removed 104 of 300
(35%) rodent carcasses over a year. Raccoons (Procyon lotor (Linnaeus, 1758)) and Virginia opossums (Didelphis
virginiana Kerr, 1792) scavenged most frequently. For scavenged carcasses, the mean time to carcass removal was

2.58 days after placement. Carcass acquisition by scavengers and decomposers was influenced moderately by forest
type and carcass size, athough ambient air temperature considerably influenced the fate of carcasses. Vertebrates re-
moved fewer carcasses as temperatures increased: only 28 of 144 (19%) carcasses were scavenged when temperatures
exceeded 17 °C. The temporal pattern of carcass removal by vertebrates, however, did not vary with temperature. Con-
sistent rates of carcass removal by vertebrates across the year and increased activity by insects during warm weather
led to elevated levels of decomposition during summer months. This study confirms the complexity and dynamic nature
of competitive relationships among scavengers and decomposers.

Résumé : Les vertébrés charognards font compétition aux décomposeurs pour |’ utilisation des carcasses dans tous les
écosystémes tempérés et tropicaux. Nous avons examiné |’ effet de la taille de la carcasse, du type de couvert forestier
et de la température de I'air sur le sort de carcasses de rongeurs dans le site de la riviére Savannah, Caroline du Sud,
E.-U. Nous avons placé 300 carcasses de rongeurs a des sites choisis aléatoirement dans des habitats forestiers et iden-
tifié les charognards par photographie a distance. Au cours d’'une année, 17 espéces de vertébrés ont retiré 104 (35 %)
des 300 carcasses de rongeurs. Les ratons laveurs (Procyon lotor (Linnaeus, 1758)) et les opossums d Amérique (Di-
delphis virginiana Kerr, 1792) sont les charognards les plus communs. Le temps écoulé en moyenne avant le retrait
d’une carcasse est de 2,58 jours aprés sa mise en place. || n'existe qu’une faible relation entre I’ acquisition des carcas-
ses par les charognards et les décomposeurs et le type de couvert forestier et la taille de la carcasse; cependant, la tem-
pérature de I'air ambiant affecte considérablement le sort des carcasses. Les vertébrés retirent de moins en moins de
carcasses a mesure que les températures s élévent: seulement 28 (19 %) de 144 carcasses ont été utilisées par les cha-
rognards aux températures supérieures a 17 °C. Cependant, le pattern temporel annuel de retrait des carcasses par les
vertébrés ne varie pas avec la température. Des taux soutenus de retrait des carcasses par les vertébrés au cours de
I"année, associés a une activité accrue des insectes durant les périodes chaudes, expliquent les niveaux plus élevés de
décomposition durant les mois d’'été. Note étude confirme la complexité et le dynamisme des relations de compétition
entre les charognards et les décomposeurs.

[Traduit par la Rédaction]

Introduction

The fate of carrion in terrestrial ecosystems is potentially
a key area of ecological study. The importance of carrion is
derived, in part, from the magnitude of animal carcasses pro-
duced in many ecosystems (Houston 1979; Putman 1983;
DeVault et al. 2003). Carrion may be consumed by a wide
variety of organisms, particularly carnivorous vertebrates, in-
sects, and microbes. However, few studies have examined

the proportion of carcasses consumed by specific taxa or the
factors influencing the allocation of carrion resources in ter-
restrial ecosystems. Our understanding of energy flow path-
ways in terrestrial ecosystems would be greatly enhanced by
more detailed investigations of the relative roles of scaven-
gers and decomposers in recycling anima carcasses
(DeVault et al. 2003). Furthermore, perceptions of food hab-
its and feeding strategies of many vertebrates could be re-
fined with additional knowledge of the role that facultative
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scavenging plays in their daily energy budgets (DeVault and
Krochmal 2002).

Animal carcasses usualy are consumed soon after death,
except in very cold climates. The proportion of carcasses
that are scavenged by vertebrates as opposed to those that
undergo decomposition is governed by competitive relation-
ships among the organisms that attempt to sequester the re-
source. The most successful vertebrate scavengers are those
that are able to detect and consume carrion rapidly (Houston
1979; Shivik 1999). A summary of studies using experimen-
tal carrion baits to measure scavenging efficiency showed
that across all climates and localities, vertebrates consumed
75% of available carcasses (DeVault et a. 2003). Further, re-
cent empirical studies using remote photography have dem-
onstrated that many vertebrate species readily use carrion
resources (Kostecke et al. 2001; Peterson et a. 2001;
Bumann and Stauffer 2002; DeVault and Rhodes 2002).
However, the competitive balance among scavengers and
decomposers varies tremendously across ecosystem types
and climate regimes (DeVault et al. 2003). More localy,
competition for carrion may be influenced by air tempera-
ture, habitat type, and carcass size (Putman 1983; DeVault
and Rhodes 2002).

Decomposers compete with vertebrates in a variety of
ways. The abundance and ubiquity of insects allows them to
exploit carcasses rapidly after an animal dies. For instance,
flies of the families Calliphoridae, Sarcophagidae, and Mus-
cidae often feed and lay eggs upon fresh carcasses within a
few minutes of death (Payne 1965). Ants and beetles aso
are major consumers of carrion (Payne 1965). Microbes
compete for carrion by producing toxins (i.e., botulin toxin)
that are dangerous to most vertebrates (Janzen 1977). Mi-
crobes advertise their toxicity with various amines and sulfur
compounds, which at high concentrations repel vertebrate
scavengers. At low concentrations, however, the microbial
products of decomposition may attract vertebrates to edible
carrion (DeVault et a. 2003).

Relationships among decomposers are more intricate than
those with vertebrate scavengers. For example, insects and
bacteria may benefit mutually when feeding on carrion. Fly
larvae aerate carcasses, allowing aerobic microbes to pene-
trate deep into animal tissues, and fly larvae liquefy muscle
tissue as they feed, providing a high-quality environment for
microbes (Putman 1983). Even at summertime temperatures,
carcasses experimentally kept free from insects mummify
before microbes fully decompose them (Payne 1965; Putman
1978a). Further, Janzen (1977) speculated that flies are im-
portant distributors of carrion bacteria. At high concentra-
tions, the toxins produced by microbes repel vertebrate
scavengers, possibly allowing insects to consume carcasses
inedible to vertebrates. Unfortunately, little information is
available concerning the effects of microbial toxins on in-
Ssects.

The elucidation of factors that influence the acquisition of
small carrion items by vertebrates, insects, and microbes is
the focus of this study. We use the term “scavenger” for ver-
tebrates, as they are able to remove large portions of carrion
individually in a short period of time. “Decomposers’ are in-
sects and microbes, which individually consume only small
portions of a carcass. In a preliminary study (DeVault and
Rhodes 2002), rodent carrion bait attracted a variety of ver-
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tebrate scavengers (11 species identified), which removed
65% of the carcasses placed in forested habitats during the
winter within 14 days. DeVault and Rhodes (2002) deter-
mined that the number of carcasses removed by vertebrates
was strongly correlated (positively) with ambient air temper-
ature during cool weather. Here, we extend that preliminary
work to span an entire year, allowing investigation of how
habitat type, carcass size, and temperature influence the ac-
quisition of small carrion items across seasons. Because past
research suggests that vertebrates consume most available
carrion (DeVault et al. 2003), we focus on species identifi-
cation only for vertebrates, using remote cameras and car-
rion bait. We also extend the analyses to include questions
concerning carrion acquisition within the vertebrate commu-
nity.

Methods

Study site and selection of experimental points

This study was conducted at the 78 000 ha Savannah
River Site (SRS), a nuclear facility owned and operated by
the United States Department of Energy near Aiken, South
Carolina, USA. Approximately 64% of the SRS is covered
in loblolly pine (Pinus taeda L.), longleaf pine (Pinus palus-
trus P. Mill.), and slash pine (Pinus elliottii Engelm.), which
is managed for timber. An additional 15% of the land cover
is classified as bottomland hardwood (Workman and
McLeod 1990). The average annual rainfall at the SRS is
120 cm, and the average temperatures in winter and summer
are 9 and 26 °C, respectively (White and Gaines 2000).

A subset of the forested habitat on the SRS that was free
from management activities (timber harvest and controlled
burns) was used for study. Thirty-eight timber compartments
and all “set-asides’ (research areas that are permanently free
from management activities), encompassing approximately
30 870 ha, were delineated from a 1999 digital habitat map
(Wiggins-Brown et al. 2000) using Geographic Information
System (GIS) software (ArcView 3.2, Environmental Sys-
tems Research Institute, Inc.). All upland pine and bottom-
land hardwood habitat categories were condensed into two
distinct habitat classes representing the two forest types. We
used the Animal Movement extension (Hooge and Eichen-
laub 1997) in ArcView 3.2 to generate 150 geographically
random point locations within each of the two habitat
classes. These points served as experimental locations (Uni-
versal Transverse Mercator coordinates) for carcass place-
ment.

Field methods

Rodent carcasses were placed at each of the 300 random
points during 25, 13-day time periods (rounds) from 7 De-
cember 2001 through 27 November 2002. One idle day fol-
lowed each round. Rounds were continuous, except one
week between rounds 1 and 2 was |eft idle because of snow.
During each round, the influence of habitat type and carcass
size on the probability of carcass removal by vertebrates was
examined using a factorial experimental design. Habitat type
was defined using the two GlS-derived habitat classes de-
scribed above (upland pine and bottomland hardwood). Car-
cass size was categorical: mice (Mus musculus Linnaeus,
1758) averaged 194 g (SD = 1.7) and rats (Rattus
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norvegicus (Berkenhout, 1769)) averaged 228.0 g (SD = 52).
Both mice and rats were brown-furred and were obtained
frozen from a commercial rodent breeder (Perfect Pets, Inc.,
Belleville, Mich.).

During each round, one carcass was placed at each of 12
random points such that three points were assigned to each
of the four possible combinations of the two dichotomous
variables (habitat type and carcass size). Carcasses were
thawed at room temperature prior to use. Points were used
only once to avoid the potential bias associated with animals
learning carcass locations. During each round, we located all
points with a handheld Global Positioning System unit
(12CX, Garmin International Inc., Olathe, Kans.; 10-30 m
accuracy) and set out carcasses on a single day. All points
were at least 50 m from a road (usualy a minor dirt or
gravel road with little traffic). If a point was unreachable by
foot (i.e., located in a flooded area), we replaced it with an-
other random point from the same habitat category.

We used a switch-activated camera system much like that
described by Danielson et al. (1996) to measure scavenging
efficiency and to identify scavengers. Rodent carcasses were
placed upon E22-50HX snap-action microswitches (The
Cherry Corp., Waukegan, 1ll.) embedded inside 6 cm x
6 cm x 2 cm Plexiglas bases. Each base was covered with a
thin sheet of clear plastic (which was replaced after each
trial) to prevent fluids emitted from decomposing carcasses
from fouling the switches. The switches were connected to
modified Fuji Discovery 90 35 mm cameras by 3-m lengths
of black telephone wire. Leaves or pine needles were raked
over the telephone wires and any visible portions of the
Plexiglas bases with a wooden pole so that only the car-
casses were visible on the ground. The cameras automati-
cally stamped time of day and date on each photograph.
Microcontrollers placed in line with cameras and switches
were programmed to trigger the cameras every 24 h to en-
sure that flashes were always charged. The microcontrollers
also triggered the cameras 10 s after a switch-activated pho-
tograph was taken (i.e., at the time of carcass removal) and
then shut down the camera systems until film was collected.
Cameras and microcontrollers were housed inside green
steel ammunition boxes (25 cm x 17 cm % 9 cm) modified
with Plexiglas windows. The boxes were attached to trees
approximately 1.5 m from ground level and aimed down at
the carcasses at a 45° angle so that the cameras were approx-
imately 2 m from the carcasses. At the end of each 13-day
round, film was collected and all cameras were removed
from experimental pointsin a single day. We noted the con-
dition of any carcasses that remained.

Air temperature was recorded every 2 min at 2 m above
ground with an automated weather station near the center of
the SRS. We used the mean temperature during the first
week of the round as an index of the temperature influencing
the fate of carcasses. First-week mean temperature for a
round was calculated from all of the 2-min readings taken
during that week.

Analyses

We examined photographs to determine whether carcasses
were removed by vertebrates and, if so, to determine the spe-
cies responsible for carcass removal. We assumed that car-
casses removed by vertebrates were consumed by the

Can. J. Zool. Vol. 82, 2004

Fig. 1. Percentage of carcasses removed by vertebrate scavengers
per round in relation to mean ambient air temperature during the
first week of the round. There were 25, 13-day rounds with 12
carcasses per round. The dashed vertical line separates the 13
coolest and the 12 warmest rounds.
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individuals photographed removing them. During warm
weather, arthropods and bacteria quickly decomposed car-
casses not removed by vertebrates. When this occurred, the
camera was triggered when the carcass was depleted to the
point that it could no longer depress the microswitch or
when arthropods moved the carcass off the switch. In both
cases, however, little carcass biomass (~10%—-30%) remained
at that point. When photographs showed only a decomposed
carcass and no vertebrate scavenger present, we scored the
carcass as not scavenged even though some edible biomass
may have remained and eventually could have been con-
sumed by a vertebrate.

We used logistic regression (Hosmer and Lemeshow
1989) to model the effects of forest type, carcass size, and
ambient air temperature on the probability of carcass re-
moval by vertebrates. Forest type (upland pine or bottom-
land hardwood) and carcass size (mouse or rat) were treated
as categorical variables. We examined all possible models
(including interactions) using the three predictor variables.
Candidate models were evaluated with the Akaike Informa-
tion Criterion (AIC) to identify the most parsimonious mod-
els that accurately predicted the response variable (Burnham
and Anderson 2002). The influence of ambient air tempera-
ture on the number of carcasses removed during a round also
was examined using linear regression. All statistical analyses
were performed using SPSS version 10.0 (Norusis 1999;
SPSS Inc. 1999).

Previous studies indicate that ambient air temperature is a
key factor mediating scavenging efficiency of vertebrates
(Putman 1983; DeVault and Rhodes 2002). Thus, for de-
scriptive purposes, we divided the rounds into two groups:
“cool-weather” and “warm-weather”. Fortunately, this cate-
gorization was facilitated by the data, as there was a 5.6 °C
difference in mean first-week air temperature separating the
13 coolest and the 12 warmest rounds (Fig. 1). Cool-weather
rounds were those for which the first week air temperature
ranged from 5.8 to 17.0 °C; during the first week of warm-
weather rounds, temperature ranged from 22.6 to 27.8 °C.
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Table 1. Numbers of brown-furred house mice (Mus musculus) and Norway rats (Rattus norvegicus) removed
by vertebrate scavengers and identified by remote photography.

Class Species Mice Rats Total

Mammalia Raccoon (Procyon lotor) 15 16 31
Virginia opossum (Didelphis virginiana) 12 17 29
Feral pig (Sus scrofa) 4 5 9
Gray fox (Urocyon cinereoargenteus) 0 4 4
Cotton mouse (Peromyscus gossypinus) 2 0 2
Southern flying squirrel (Glaucomys volans) 1 1 2
Striped skunk (Mephitis mephitis) 1 0 1

Reptilia Black racer (Coluber constrictor) 3 2 5
Eastern box turtle (Terrapene carolina) 1 1 2
Copperhead (Agkistrodon contortrix) 0 1 1
Rat snake (Elaphe obsoleta) 0 1 1
Canebrake rattlesnake (Crotalus horridus 1 0 1

atricaudatus)

Aves American crow (Corvus brachyrhynchos) 0 3 3
Red-shouldered hawk (Buteo lineatus) 0 2 2
Black vulture (Coragyps atratus) 0 1 1
Red-tailed hawk (Buteo jamaicensis) 0 1 1
Turkey vulture (Cathartes aura) 0 1 1

Unknown 5 3 8

Tota 45 59 104

Results

In total, vertebrates removed 104 of 300 (35%) rodent car-
casses (Table 1). Seventy-six of the 156 (49%) carcasses
placed during cool-weather rounds were scavenged by verte-
brates; of the remaining 80 carcasses, 36 (45%) till con-
tained some apparently edible biomass at the end of the
rounds. During warm-weather rounds, vertebrates removed
only 28 of 144 (19%) carcasses. All of the remaining car-
casses had completely decomposed (leaving only a few scat-
tered bones and pieces of skin) by the end of the rounds, and
usually before 2 days had elapsed.

Raccoons (Procyon lotor (Linnaeus, 1758)) and Virginia
opossums (Didelphis virginiana Kerr, 1792) accounted for
60 (58%) of the scavenged carcasses. The remaining 44 car-
casses were removed by 15 other species (Table 1). Eleven
of these species scavenged only one or two carcasses. We
were unable to identify the species responsible for carcass
removal in eight cases because of camera system failure. For
five of these cases, we aso were unable to measure elapsed
time to carcass removal.

Carcass size and habitat type both seemed to influence
competition among vertebrates and decomposers for car-
casses. Vertebrates removed 45 mice and 59 rats (Table 1).
Forty carcasses were removed in upland pine habitats,
whereas 64 were removed in bottomland hardwood habitats.
The difference between habitats, however, was attributable
to the top three scavenger species. Raccoons, Virginia opos-
sums, and feral pigs (Sus scrofa Linnaeus, 1758) removed 45
carcasses in bottomland hardwood habitats, but only 24 car-
casses in upland pine habitats. The remaining 14 vertebrate
species removed 14 carcasses in bottomland hardwoods and
13 carcasses in upland pines.

In logistic regression analysis, the top seven models were
similar regarding the percentage of cases correctly classified
and the AIC values (all AAIC < 2.6; Table 2). These models

al included the variables temperature and habitat.
Temperature was the most important variable in the top
seven models: Wald x? values ranged from 12.50 to 28.69,
all with corresponding P values <0.001. After the top seven
models, model fit declined sharply for the other possible
models (al AAIC > 7.6). The influence of ambient air tem-
perature during the first week of a round on the number of
carcasses removed during the round was highly significant,
with fewer carcasses removed by vertebrates as temperature
increased (Fig. 1).

Across al rounds, mean time to carcass removal was
2.58 days (range = 0.13-11.93, SD = 2.80, n = 99). How-
ever, the mean time to carcass removal differed substantially
between cool-weather and warm-weather rounds (Fig. 2).
During cool-weather rounds the mean time to carcass re-
moval was 3.13 days (range = 0.13-11.93, SD = 3.02, n =
74), whereas during warm-weather rounds the mean was
only 0.94 days (range = 0.204.13, SD = 0.87, n = 25). Of
the 28 carcasses that vertebrates removed during warm-
weather rounds, however, only 4 were removed after
1.5 days had elapsed. Within 1.5 days of carcass placement
(when few carcasses had completely decomposed), the mean
time to carcass removal during cool-weather and warm-
weather rounds was similar (cool-weather mean = 0.72,
SD = 0.46, n = 28; warm-weather mean = 0.69, SD = 0.41,
n=21).

Discussion

The relative number of scavenging events attributed to
various vertebrate species resembled the relative abundance
of carnivorous species at the SRS, with a few exceptions.
The top three mammal species (raccoon, Virginia opossum,
and feral pig) are very common at the SRS (Cothran et al.
1991), and the top reptile species (black racer, Coluber con-
strictor Linnaeus, 1758) is one of the most abundant snakes
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Table 2. Best-fit logistic models of small carcass removal by vertebrate scavengers.

Can. J. Zool. Vol. 82, 2004

Model AAIC % Correct Variable Coefficient SE
1 0.000 69.0 Intercept -1.79 0.41
TEMP 0.10 0.02
HAB 0.81 0.27
SIZE 0.48 0.26
2 0.727 70.0 Intercept -1.93 0.43
TEMP 0.10 0.02
HAB 1.09 0.37
SIZE 0.75 0.36
HAB x SIZE -0.59 0.53
3 1.189 69.3 Intercept -2.07 0.53
TEMP 0.12 0.03
HAB 1.40 0.71
SIZE 0.50 0.26
TEMP x HAB -0.03 0.04
4 1.239 69.3 Intercept -1.97 0.47
TEMP 0.11 0.02
HAB 1.00 0.35
SIZE 0.65 0.33
TEMP x HAB x SIZE -0.02 0.03
5 1.322 70.7 Intercept -1.53 0.38
TEMP 0.10 0.02
HAB 0.80 0.26
6 1.592 69.0 Intercept -1.59 0.51
TEMP 0.09 0.03
HAB 0.81 0.27
SIZE 0.06 0.70
TEMP x SIZE 0.02 0.04
7 2531 70.7 Intercept -1.81 0.50
TEMP 0.12 0.03
HAB 1.38 0.70
TEMP x HAB -0.03 0.04

Note: % Correct indicates the number of carcasses (cases) correctly predicted by the logistic model as removed or not re-
moved by vertebrates. TEMP is the mean ambient air temperature (°C) during the first week of the round in which a case
was included. HAB and SIZE are treated as categorical variables: HAB is the habitat in which the carcass was placed (0 =
bottomland hardwood; 1 = upland pine); SIZE is the size of the carcass (0 = rat; 1 = mouse). All models were significant at

P < 0.001 as evaluated by the model x°.

throughout the site (JW. Gibbons, persona communica-
tion). All of the bird species that scavenged carcasses are
common year-round residents at the SRS (Potter et al.
1980). Some species, however, were recorded surprisingly
few times, or were completely absent from our study. East-
ern coyotes (Canis latrans Say, 1823) and eastern gray squir-
rels (Sciurus carolinensis Gmelin, 1788), recorded twice
each during the preliminary study (DeVault and Rhodes
2002), and bobcats (Lynx rufus (Schreber, 1777)), recorded
once, were notably absent from the current study. Also, gray
foxes (Urocyon cinereoargenteus (Schreber, 1775)) removed
relatively few carcasses in relation to their abundance at the
SRS (Cothran et al. 1991). We speculate that eastern coyotes
and bobcats might have been more sensitive to human scent
left at camera stations than raccoons, Virginia opossums,
and feral pigs. The dominance of mammals over birds in
removing carcasses likely resulted from the more acute ol-
factory senses of the former. Decomposition odor is the
dominant stimulus used by mammals (Henry 1977; DeVault
and Rhodes 2002) and snakes (Gillingham and Baker 1981,
Shivik and Clark 1997; DeVault and Krochmal 2002) to lo-
cate carrion. Although reptiles are inactive during cold

weather, they collectively removed more carcasses (10) than
the birds (8) over the entire year (Table 1). It appears that, in
general, small carcasses (i.e., rodents) are more likely to be
scavenged by mammals and reptiles, which use olfactory
cues to locate carrion. Birds such as raptors and vultures are
more successful at locating larger carcasses and those in
structurally open habitats, where visual acuity is more effec-
tive (Peterson et al. 2001; DeVault et a. 2003). Surprisingly,
only one turkey vulture (Cathartes aura (Linnaeus, 1758)), a
species common at the SRS and known to possess a highly
developed olfactory sense (Stager 1964), removed a carcass
(Table 1).

Although a variety of vertebrates scavenged small car-
casses in this study, the overall competitive balance for small
carrion items was shifted toward the decomposers at the
SRS. Collectively, vertebrates removed fewer carcasses
(35%) in this study than in most others using small carrion
bait (DeVault et al. 2003). The warm climate in South
Carolina and the local abundance of insects undoubtedly
contributed to the success of the decomposers. Where car-
casses are completely free from insects in the winter, scav-
enging efficiency by vertebrates on small carrion items
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Fig. 2. Cumulative percentage of carcasses removed as a func-
tion of time during warm weather (temperature range during first
week, 22.6-27.8 °C; n = 12 rounds, 144 carcasses) and cool
weather (temperature range during first week, 5.8-17.0 °C; n =
13 rounds, 156 carcasses). The elapsed time was unknown for
five scavenging events; these were deleted from the analysis.
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approaches 100% (Mullen and Pitelka 1972; Putman 1983).
At the SRS, insects (i.e, flies and ants) are usually some-
what active even in winter.

The similar model fit of logistic equations incorporating
various combinations of predictor variables suggests that all
factors (air temperature, carcass size, habitat type) played a
role in mediating competition among scavengers and decom-
posers, athough air temperature was the most important.
Temperature influences the speed of decomposition by in-
sects and bacteria (Putman 1978a; Shean et a. 1993) and
thus limits the temporal availability of carcasses to verte-
brates. However, air temperature did not greatly affect the
rate of carcass removal by vertebrates.

For example, during both warm- and cool-weather rounds,
the pattern of carcass removal by vertebrates over time was
similar for rats and mice until the mice completely decom-
posed (1 day during warm weather, 8 days during cool
weather; Fig. 2). Likewise, for both rats and mice, the rate of
carcass removal by vertebrates was similar across tempera-
ture regimes until decomposition occurred in warm weather.
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At 2 days after carcass placement, vertebrates had removed
about 20% of the rats during both warm- and cool-weather
rounds (Fig. 2). Similarly, vertebrates removed about 10%
of the mice during both warm- and cool-weather rounds af-
ter 1 day (Fig. 2). Thus, the temporal pattern of carcass re-
moval by vertebrates was roughly equal across temperature
regimes and carcass sizes until complete decomposition oc-
curred (see also Putman 1983).

Given that decomposition odor is the chief cue used by
vertebrates to locate carrion, similar rates of scavenging
pressure across carcass sizes and temperatures suggest that
the magnitude of decomposition odor varied little with re-
spect to carcass size and temperature. Regarding carcass
size, the most obvious explanation is that the two carcass
sizes used in this study did not differ enough to substantially
influence the magnitude of odor, although we did not test
this hypothesis. Considering temperature, data from Putman
(1978a) support our supposition that decomposition odor
varied little across temperatures. Putman (1978a) reported
similar low rates of CO, production (a measure of decom-
poser activity) in both cold and warm weather for up to
5 days after carcass placement. Only after fly larvae hatched
and began tunneling through the carcasses during warm
weather did CO, production increase above winter levels. In
the absence of insect activity, aerobic microbes apparently
are confined to the surface of carcasses for severa days, lim-
iting their progress in decomposition.

Because we did not measure decomposer activity directly,
it is difficult to determine the relative contributions of in-
sects and microbes in decomposing the carcasses not re-
moved by vertebrates. However, available data suggest that
insects (primarily fly larvag) can consume small carcasses
very rapidly because of the high surface:volume ratio of
such carrion. For example, at a study site located only
200 km from the SRS, 10001400 g baby pig carcasses were
reduced to about 10% of their origina mass only 2 days af-
ter fly larvae hatched and began feeding (Payne 1965). In a
similar study, fly larvae consumed over 80% of al the de-
composed material in mouse carcasses (18-28 g) protected
from vertebrates in summer and autumn (Putman 1978b).
We likewise believe that fly larvae were the major decom-
posers of small mammal carrion in the current study. Fly
larvae were visible, sometimes in great masses, in several
photographs of decomposed carcasses. Also, the time frame
of ceased scavenging activity by vertebrates during warm
weather (approximately 2 days; Fig. 2) corresponded to the
time required for fly larvae to fully consume carcasses of
this size (Payne 1965; Putman 1978a). Microbes are appar-
ently more successful at decomposing larger carcasses. For
example, during a period of large-scale mortality of African
elephants (Loxodonta africana (Blumenbach, 1797)), bacte-
ria decomposed 95%-97% of the soft tissues of elephant
carcasses; insect larvae consumed the remaining 3%-5%
(Coe 1978).

One intriguing question concerns the opposite trends ob-
served in the relationship between mean air temperature and
scavenging efficiency by vertebrates reported in this study
and by DeVault and Rhodes (2002). In the winter of 2000
2001, vertebrates removed more carcasses per round as tem-
perature increased (DeVault and Rhodes 2002), whereas
during cool weather in the current study, the opposite trend
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was observed (Fig. 1). In addition, during the DeVault and
Rhodes (2002) study, the mean time to carcass removal by
vertebrates was 5.6 days, and 50% of the scavenged car-
casses were removed after 6 days had elapsed from the time
of carcass placement. Conversely, during cool weather in the
current study, the mean time to carcass removal was
3.13 days and vertebrates removed only 17% of scavenged
carcasses after 6 days. A difference in seasonal temperatures
between the two studies was most likely one factor contrib-
uting to both of the observed discrepancies.

Although microbial activity is limited during cold
weather, low levels are positively correlated with tempera-
ture (Putman 1978a), thus influencing odor production and
vertebrate scavenging efficiency. The mean air temperature
in the winter of 2000-2001 was 2 °C lower than the average
winter temperature at the SRS (9 °C; White and Gaines
2000), whereas in the current study the mean winter temper-
ature was 1 °C higher than average. Differences in seasonal
temperature between years may have affected the dynamics
of the insect community, leaving primarily the low level of
microbial activity to control odor production and decomposi-
tion in the colder winter studied by DeVault and Rhodes
(2002). In the absence of significant insect activity, verte-
brates were able to remove carcasses for up to 14 days after
carcass placement, and their success in removing carcasses
was correlated positively to temperature and thus microbial
activity (DeVault and Rhodes 2002). In the current study, in-
sects were active all winter and consumed many carcasses
before vertebrates could locate them by olfaction. Thus, the
interplay between microbial and insect activity and, by ex-
tension, scavenging efficiency by vertebrates seems to be
governed by seasonal temperatures.

A variety of factors mediates the acquisition and con-
sumption of carrion resources, and the inherent intricacy of
the interplay among these factors influences both the rate of
energy sequestration and the path of energy flow in terres-
trial ecosystems. Our data indicate that the availability of
carrion resources to vertebrates in this southern climate is
strongly affected by temperature, primarily through its influ-
ence on the activity of insects and thus on the colonization
of carcasses by microbes. In turn, competition for available
carrion among vertebrates is influenced by carcass size, as a
consequence of both the rate at which the resource can be
exploited by decomposers and the visual conspicuousness of
the carcass. The general agreement between estimates of
carnivore abundance in the two habitats and the proportions
of carcasses utilized by the various species in those habitats
strongly reinforces the idea that most species will utilize car-
rion resources when they are detected. The results of this
study point to the need for additional experimental investiga-
tions that can further elucidate the energy flow pathways of
carrion resources through terrestrial food webs and clarify
the role of temperature as a factor that mediates the acquisi-
tion of carrion resources among insects, microbes, and verte-
brates.
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