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INTRODUCTION

The decomposition of vertebrate carcasses (car-
rion) can generate a great deal of biological activity
and have important ecological impacts, with carcass
nutrients supporting populations of both microbial,
insect, and vertebrates (scavengers) in nature (Van-

Laerhoven & Anderson, 1999; Melis et al., 2004;
Carter et al., 2007; Beasley et al., 2012). Moreover,
reptiles are often the victims of direct mortality in
both urban and semi-rural environments and near
protected areas as a result of roads, with common
roadkill mortality including snapping turtles, Chely-
dra serpentina (Linnaeus, 1758), box turtles Ter-
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Scavenging of animal carcasses (carrion) is an important ecological process, which occurs
when insects and vertebrates either aid in decomposition or removal of carcasses. However,
very little is known regarding which species typically scavenge or which forensically im-
portant insects colonize recently deceased reptile carrion and in what relative frequencies.
To this end, we deployed three reptile carcasses, a box turtle (Terrapene carolina), a snap-
ping turtle (Chelydra serpentina), and black rat snake (Pantherophis obsoletus) near a road
and monitored vertebrate and invertebrate scavengers visiting carcasses with non-invasive
camera traps and manual collection of insects visiting carcasses during the Spring of 2018
near Wingate, North Carolina, USA. In total, we collected 233 invertebrates present on the
carcass by hand net capture representing 14 taxonomic insect groupings and observed 16
vertebrate species (mammals and birds) from 86 observations scavenging on the remains,
with white-footed deer mouse (Peromyscus leucopus), and Virginia opossum (Didelphis
virginiana) being the most frequent vertebrate scavengers detected on camera traps. Car-
casses were colonized by several insects including the orders Coleoptera from families Sil-
phidae carrion beetles (Oiceoptoma noveboracense and Oiceoptoma inequale) and
Staphylinidae (Platydracus sp.), the order Diptera representing families Piophilidae
(Prochyliza sp.), Calliphoridae (Calliphora sp. and Luicilla sp.), Muscidea (Musca sp.),
and Stratiomyidae (Hermetia sp.) and order Hymenoptera family Formicidae (Prenolepsis
sp.). This report adds to our knowledge on the biodiversity of both invertebrate and verte-
brate scavenging guild communities which rely on reptile carrion as an ecological resource
in terrestrial semi-forested environments.
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reptile carcasses, one black rat snake (Pantherophis
obsoletus), and two turtle species, an eastern box
turtle (Terrapene carolina) and common snapping
turtle (Chelydra serpentina) on 10.IV.2018,
10.IV.2018 and 27.III.2018,  respectively in the
central Piedmont area of Wingate, North Carolina,
USA. All carcasses were collected recently de-
ceased (under ~12 hours at the same location). An-
imals were obtained in coordination of North
Carolina Wildlife Resources Commission, double-
bagged and frozen until deployed. Carcasses were
deployed in a wooded area at Wingate University
Campus Lake area (latitude 34,988 and longitude
80,429; 170 meters elevation), a mixture of Quer-
cus and Pinus forest, within 20 meters of roads but
in a wooded area to simulate roadkill conditions.
Each carcass was separated by a minimal distance
of 50 meters  to prevent cross contamination by in-
sects following Perez et al. (2016). For each car-
cass, we deployed a total of three trail cameras
positioned at varying angles of carcass to maximize
detection of potential scavengers and in close
enough proximity to differentiate smaller organ-
isms. A small area of the leaf litter was cleared and
carcasses were placed in the center of a trail camera
array consisting of three Bushnell trail cameras
(model 119637C) positioned facing the carcass
area secured to nearby trees. This array allowed
multiple angles of trail cameras in case images
were blurry for any one trail camera. Cameras were
set to record in 24 hr mode, motion capture at
medium LED control, 14 M pixel, and 3 images
per event. Cameras were deployed until 9.V.2018,
to allow documentation of mammalian and bird
visitors to carcasses at later decomposition stages
(post-decay/dry stage; Kreitlow, 2010) and to de-
tect potentially rare mammalian species (i.e.,
skunk, etc.), with low probabilities of detection
(Shannon et al., 2014). We also recorded daily tem-
peratures using HOBO® temperature data loggers
during the experiment.

We visited carcasses daily during the first week
of deployment, then periodically (every two days)
following the first week for 26 days to collect in-
sects actively scavenging or on the surface, or im-
mediately below ground of each carcass. Insects
scavenging carcass were collected using a combi-
nation of forceps, a sweep net, and insect aspirator
and stored in 95% ethanol until identification. We
were careful when collecting insects to never re-

rapene carolina (Linnaeus, 1758), and Pan-
therophis obsoletus (James, 1823), the black rat
snake (Haxton, 2000; Smith & Dodd, 2003; Row et
al., 2007; Andrews et al., 2008).  The availability of
carrion can influence local diversity and food webs
of vertebrate scavengers as well as insects in urban
ecosystems (Inger et al., 2016; Schwartz et al.,
2018). However, very little research has assessed
the biodiversity of both carcass insect colonizers
and vertebrate scavengers which in the short term
may rely on road mortality reptiles as either a nu-
trient resource or as a location for deposition of
eggs by a variety of insects.

There are diverse groups of forensically impor-
tant, necrophagous insects which colonize carrion
(Amendt et al., 2007), including primarily mem-
bers of the insect orders Diptera and Coleoptera
(Benecke, 2001; Kulshreshta & Satpathy, 2001).
Camera traps (trail cameras) are useful to non-in-
vasively monitor wildlife populations and scaveng-
ing behavior in mammals (Devault et al., 2004;
Pomezanski & Bennett, 2018; Schlichting et al.,
2019). Presently, there is a dearth of information
on either the frequency of reptile carrion scavenged
by local wildlife (Antworth et al., 2005; Abernathy
et al., 2017) or the extent of insect colonization on
reptile carcasses (Watson & Carlton, 2005a, b).
Moreover, in addition to mammals, both traditional
scavenging and opportunistic species of birds may
frequent carcasses (Inger et al., 2016), indicating
carrion may help maintain local biodiversity across
multiple taxonomic groups. In addition, most stud-
ies on forensic entomology rely on using the mam-
malian porcine model (Sus scrofa Linnaeus, 1758)
as a carcass, with little knowledge available on
other types of vertebrate carcass types which may
also be utilized by local organismal communities
(Schoenly et al., 2006). The aim of this work is to
identify the diversity of scavenging vertebrates and
colonizing invertebrates (forensic entomology) of
reptile carcasses using both non-invasive camera
traps and direct sampling of insects colonizing car-
cass.

MATERIAL AND METHODS

Field Sampling

During the Spring of 2018, we deployed three
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move more than five individuals of any one species
per carcass to prevent compromising colonization
of carcass by other insects and decomposition rates.

Data Analysis

We identified insects on carcasses to the low-
est taxonomic level possible. We calculated the
species richness and Shannon Diversity index for
insects collected. We reviewed trail camera im-
ages to identify the frequency of carcass visita-
tions by mammals and birds. Each of the three
trail cameras were viewed by authors and the best
image for identification was used to validate
species level identification and time of visit to
each carcass type. We characterized images (visits
by birds or mammals) captured by camera traps
as temporally independent (a single observation)
if they were separated by a minimum of 30 min-
utes. However, we have no information if the
same individual repeatedly visited a single car-
cass, and therefore report this information as ob-
servations.

RESULTS

In total, we detected 16 mammal species (86 in-
dividual observations) visiting our carcasses (Fig.
1), with one, the Virginia opossum, Didelphis vir-
giniana (Kerr, 1792), fully removing and consum-
ing our black rat snake carcass on the seventh day,
on 16.IV.2018 (Fig. 1). Both turtle carcasses re-
mained present through various decomposition
stages. We also observed Raccoon, Procyon lotor
(Linnaeus, 1758) (Fig. 2), Grey Fox, Urocyon
cinereoargenteus (Schreber, 1775) (Fig. 3), Turkey
Vulture, Cathartes aura (Linnaeus, 1758) (Fig. 4),
and Striped Skunk, Mephitis mephitis (Schreber,
1776), visiting carcasses. Across carcass types, the
white-footed deer mouse, Peromyscus maniculatus
(Wagner, 1845), accounted for the most visits to
carcasses, with Virginia opossum, D. virginiana,
Eastern grey squirrel, Sciurus carolinensis Gmelin,
1788,  and Northern Cardinal, Cardinalis cardi-
nalis (Linnaeus, 1758) among the most frequent
mammalian and bird observations on camera traps
(Fig. 5). Additional species (Fig. 6) which visited

Table 1. Insects identified on carcass by type (Chelydra serpentina [CS], Terrapene carolina [TC], and Pantherophis obso-
letus [PO]), frequency, and taxonomic designation. Note: unknown Diptera or non-insect arthropods not included in species
richness or Shannon Diversity Index calculations.
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the carcasses included the Brown thrasher, Toxos-
toma rufum (Linnaeus, 1758), Eastern cottontail
rabbit, Sylvilagus floridanus (J.A. Allen, 1890),
White-tailed deer, Odocoileus virginianus (Zim-
mermann, 1780), Domestic cat, Felis catus (Lin-
naeus, 1758), Brown-headed cowbird, Molothrus
ater (Boddaert, 1783), American robin, Turdus mi-
gratorius Linnaeus, 1766, American crow, Corvus
brachyrhynchos Brehm, 1822, and Carolina wren,
Thryothorus ludovicianus (Latham, 1790). In total,
camera traps recorded 5,459 images (three camera
traps per carcass) with 2,212 images for box turtle
carcass, 1,427 images for rat snake carcass, and
1,820 images for the snapping turtle carcass. Many
images represented pictures with no bird or mam-
mal individuals present or duplicate images of the
same organism visiting carcasses from multiple
camera traps. In addition, several images depicted
larger fly adults and carrion beetle adults visiting
carcasses, but image quality was of low resolution

based on the distance of trail camera to carcass for
identification further than Diptera or Coleoptera
and are not included in this study. These 86 mam-
malian and bird observations consisted of 52 ob-
servations on the box turtle, 21 observations on the
snapping turtle carcass, and only 13 observations
on the snake carcass. The majority of camera trap
images were recorded each day during 20:00 to
5:00 hours, or nocturnal and crepuscular (Fig. 7).
Temperatures during the experiment (insect collec-
tion and camera trapping) ranged from average
minimal lows of 8.6 °C to average maximum daily
temperatures of 22.1 °C. 

We identified 17 taxonomic groups of inverte-
brates (14 insect groupings) associated with our
three reptile carcasses, albeit at different frequen-
cies (Table 1). We observed three insect orders
across carcasses: Coleoptera, Diptera and Hy-
menoptera. Insect families present on the snake
carcass included Silphidae, Calliphoridae, and

SHEM UNGER ET ALII50

Figures 1–4. Examples of Trail Camera images showing scavengers, including common opossum on rat snake (Fig. 1),
raccoon on snapping turtle (Fig. 2), grey fox on box turtle (Fig. 3), and turkey vulture on snapping turtle (Fig. 4).



Formicidae, with five insect families present on the
box turtle: Silphidae, Formicidae, Muscidae,
Staphylinidae, and Scarbaeidae. The snapping tur-
tle carcass comprised the most amount of insect
families represented by Silphidae, Staphylinidae,
Piophilidae, Formicidae, Calliphoridae, Muscidea,
Sarcophagidae, Stratiomyidea, and Blattidea (Table
1; Fig. 8). We observed adult and larval Coleopter-
ans Oiceoptoma inaequale and Oiceoptoma noveb-
oracense on both species of turtles (Figs. 9, 10),
several Dipteran fly adults, including Lucilia seri-
cata on the rat snake (Fig. 11), and Musca domes-

tica on snapping turtle (Fig. 12) when visiting car-
casses and also identified in the insects we col-
lected. Many of the Oiceoptoma inaequale adults
we observed when visiting the rat snake carcass
were breeding directly on and even in the carcass
(Fig. 9). We first observed fly instars (maggots) on
the box turtle and snapping turtle at day 7 and day
9, respectively, with none observed on the rat
snake. In addition to insects, we further identified
other arthropods present on carcasses, including 14
and 16 Armadillium vulgare (Order Isoptera, Fam-
ily Armadillidiidae) on box turtle carcass and snap-
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Figure 5. Relative frequency of vertebrate scavengers 
observed on camera traps. 

Figure 7. Frequency of camera trap observations of 
mammals and birds plotted against hour of activity.

Figure 6. Percentage of scavenger species (vertebrates: 
birds and mammals) observed on individual carcass type.

Figure 8. Relative frequencies of Insect families 
identified across carcass types.



ping turtle carcass, respectively. Lastly we col-
lected 3 harvestmen Leiobunum sp. (Order Opil-
iones, Family Leiobunidae) and 2 harvest mites
Trombicula sp. (Order Trombidiformes, Family
Trombiculidae) on the snapping turtle carcass. We
observed an increase in arthropods collected on de-
composition days 7–9 and 14–17 (Fig. 13). Shan-
non Diversity Index for identified insects across all
carcasses was 1.797.

DISCUSSION AND CONCLUSIONS

This study detected a diverse set of organisms,
both invertebrate and vertebrates, which differen-
tially utilize reptile carcasses in a semi-forested
ecosystem. Our most frequently sighted organism
on camera traps, the white-footed deer mouse, is
among smaller mammals encountered investigat-

ing and scavenging on carcasses (O’Brien et al.,
2007). We also noted similar to other studies in
urban wooded areas, raccoons and Virginia opos-
sums visiting carcasses (DeVault et al., 2004;
Hager et al., 2012). In addition, we observed our
black rat snake carcass to be scavenged within a
short period (6 days), as other studies have found
snakes to be scavenged within 36 hours (Antworth
et al., 2005). We detected several species of
passerine birds and rodents, which other studies
have documented to scavenge remains (Pokines &
Pollock, 2018). Other studies on pig, Sus scrofa
carcasses have observed high visitations by ro-
dents as well as birds in the family Corvidae
(Komar & Beattie, 1998). It is possible we de-
tected several bird species other than the turkey
vulture on camera traps that were attracted to the
smell of the carcass or that were feeding on insects
that were present on or near the carcass. Moreover,

Figures 9–12. Example of invertebrates colonizing carcasses, including Oiceoptoma inaequale on rat snake (Fig. 9), Oice-
optoma noveboracense larvae on box turtle (Fig. 10), Lucilia sericata on rat snake (Fig. 11), and Musca domestica on snap-
ping turtle (Fig. 12).
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we detected two separate taxonomic groupings of
ants on carcasses, which can both directly con-
sume carcasses material and affect colonization by
other insects by lacerating carcasses (Eubanks et
al., 2019).

We identified several groups of carrion-associ-
ated Coleoptera and Diptera across carcasses. The
majority of carcasses were dominated by the pres-
ence of Oiceoptoma sp. adults and larvae and also
insects from the Dipteran family Calliphoridae,
both frequent colonizers of carrion (Michaud &
Moreau, 2017). We observed many members of the
insect family Piophilidae, which are forensically
important necrophagous species used to estimate
the postmortem interval in forensics (Rochefort et
al., 2015). Moreover, many of the Calliphoridae
(blow flies) we detected, including Lucilia seri-
cata, utilize carrion as breeding sites (Smith &
Wall, 1997), and are typically found in high rela-
tive abundances on pig carcasses used in forensic
entomology (Gruner et al., 2007). One of the few
studies on insect colonization of reptiles using the
American alligator, Alligator mississippiensis,
found both adult and instars of Calliphoridae
within the first 6 to 7 days of decomposition (Wat-
son & Carlton, 2005b). We collected adult Cal-

liphoridae within the first 3 days of decomposition
for two of our carcasses, the snapping turtle and rat
snake. Our results for many of the invertebrate
scavengers are similar to other studies (Cammack
et al., 2016; Cruise et al., 2018), for many of the
same indicator insect groups on porcine remains,
although we did not detect the American carrion
beetle Necrophila americana, on any of our car-
casses, as it may be a late carcass colonizer (Wat-
son & Carlton, 2005a). Interestingly, we also
detected the Coleopteran Platydracus sp., which is
suspected of preying on dipterans (Byrd & Castner,
2000) indicating the potential importance of car-
rion as a resource not only for insect egg deposi-
tion, but predation by other insects. Our
observation of Dipteran instars on both turtle car-
casses within 7 to 9 days after carcass deployment,
indicate potentially several species of flies de-
posited offspring on carrion. We did not detect
Dipteran or Oiceoptoma sp. larvae on the rat snake
carcass, likely due to this carcass being scavenged
completely and removed from our experiment by
a scavenger (D. virginiana) on the seventh day of
deployment, or possibly not enough time for de-
velopment. However, in our visits to the snake car-
cass, we confirmed the presence of Oiceoptoma sp.
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Figure 13. The average number of arthropods sampled across all carcass types during the experiment plotted 
against the day of decomposition. We noted an increase in arthropod activity within days 7–9 and 14–17.



adults breeding near, on, and even inside the snake
carcass (Fig. 9), which was also validated on at
least one camera trap. This observation indicates
the potential for future work utilizing camera traps
to monitor not just bird and mammal vertebrates,
but also smaller-sized insect colonizers of carrion,
particularly as trail camera video and image quality
improves and becomes more affordable to biologist
documenting local biodiversity. For example, cam-
era traps could be placed within ~0.25 m and set to
record video and still photos at specific time inter-
vals of a carcass to non-invasively identify insect
colonizers and monitor frequency of visitations by
adult insects.

The diversity of invertebrates and vertebrate
scavengers present in our study represent dominant
scavengers of not only reptiles but likely also other
types of carrion in the local ecosystem. Further-
more, our observations for camera trap encounters,
which occurred primarily nocturnally for mammals
and during early mornings for birds, indicate activ-
ity patterns of scavengers, some of which were less
abundant and seen less frequently on specific car-
casses. Therefore, our data indicate that camera
traps are effective for monitoring scavengers in
semi-forested ecosystems and that reptile carrion
is an essential resource in local food webs. In ad-
dition, using camera traps allows for the detection
of animals that are more likely to flee from carrion
as researchers approach carcasses to collect insects.
Future work could incorporate further documenta-
tion of the micro-ecosystem and ecological cascade
that forms around carrion. For example, as the
number of insects colonizing a carcass increases,
bird activity concomitantly increases due to the
availability of invertebrate prey, in addition to
scavenging by a variety of mammals. 

The goal of this study was to provide preliminary
data on reptile carcasses utilization as a carrion re-
source, which have been understudied in both foren-
sic entomology and scavenging ecology. Our results
on the snake carcass are limited due to it being scav-
enged and removed. Subsequently, future research
should focus on examining the role of additional
types of reptiles (e.g., lizards), and also increasing
sample size to better understand if either insects or
mammals colonize and scavenge reptiles similar to
other carrion. Moreover, experimental carcasses
could be deployed in protective cages to prevent re-
moval by mammalian scavengers, as we observed

with the rat snake. We observed the greatest number
of individual insects and family diversity on the
snapping turtle carcass, possibly due to its overall
larger size compared to the smaller box turtle and
snake carcasses or due to this carcass being placed
~ 2 weeks prior to the box turtle and snake carcasses.
However, our overall results across carrion types
provide baseline information on many of the same
insect orders which have been observed in other
studies (Cammack et al., 2016), with waltzing flies,
Prochyliza sp. (Diptera) and the carrion beetle
Oiceoptoma sp. (Coleoptera) being dominant colo-
nizers of reptile carrion. We conclude, based on our
data observations, that reptile carrion may help
maintain local biodiversity across trophic levels of
both vertebrates and invertebrate communities, in-
cluding a variety of insect, mammal, and bird
species. 
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