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Abstract: Even in human-dominated regions such as urban and agricultural areas, there are organisms
involved in the decomposition of animal carcasses. Therefore, it is possible that these complementary
decomposition functions occur in different habitats. Here, we clarified the disappearance patterns
of small mammal carcasses in forest and human-dominated (urban and agricultural) habitats in
northeastern Japan, based on field experiments. All small mammal carcasses in both summer and
autumn were removed by different scavengers within 6 days; therefore, there was little difference in
the disappearance rate of carcasses between habitats. The scavenger groups that contributed to carcass
removal of remains in the summer survey differed between sites, suggesting that the disappearance
process varies with landscape and canopy openness conditions. Although many carcasses were
removed by vertebrates during the autumn survey, the vertebrate species involved differed among
the survey sites. This study suggests that ecological functions related to the decomposition of small
mammal carcasses in anthropogenically modified habitats may be maintained by the complementary
activities of vertebrates and invertebrates.

Keywords: agriculture; decomposition; ecosystem function; invertebrate; landscape ecology; urban;
vertebrate; scavenger

1. Introduction

Urban and agricultural areas are dominated by humans, and therefore show the re-
sults of intensive anthropogenic activities [1]. Such areas have been reported to have a
variety of effects on biological communities. Urbanization often reduces biodiversity and
species richness, and alters biological communities through human impacts such as habitat
loss and fragmentation [2–6]. Urbanization also leads to the homogenization of biological
community structures at large scales [6,7]. Agricultural expansion and intensification can
lead to changes in biodiversity and biological communities [8,9]. The effects of agricultural
activity include a decrease in the diversity of insects such as pollinators [10], butterflies [11],
and dung beetles [12]. Previous studies have also reported that the expansion of agri-
cultural land causes a reduction in the range and abundance of some birds and large
mammals [13,14]. The various effects of habitat alterations on biological communities in
urban and agricultural areas can alter ecosystem functioning [15–17].

The consumption of vertebrate carcasses by wildlife accelerates the rate of decomposi-
tion and material cycling of animal remains [18–20]. Animal carcasses are scavenged by
both vertebrates, such as mammals and birds, and invertebrates, including flies and carrion
beetles [21–29]. The utilization and decomposition of animal carcasses by wildlife are
important ecosystem functions [30–35]; however, few studies have identified the different
species that contribute to the decomposition of vertebrate carcasses in urban and agricul-
tural landscapes [36]. Because both vertebrates and invertebrates may scavenge carcasses
in the field, these communities need to be assessed together to elucidate the process of
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carcass disappearance [28,37–40]. Given that vertebrate and invertebrate community struc-
ture varies among habitat types, it is important to understand the processes of utilization
and decomposition and the interactions among organisms in human-dominated areas by
identifying the community and composition of carcass consumers in each habitat [40].

The species responsible for an ecosystem’s function may vary depending on the
environment. For example, on remote islands where mammalian scavengers are absent,
silphid beetles act as a substitute in the decomposition function of vertebrate carcasses [28].
Furthermore, Sugiura et al. [37] found that the rate of carcass burial by burying beetles
was higher in large forests, whereas the rate decreased in small, fragmented forests where
removal by medium-sized carnivores was greater. These results suggest that the function
of carcass disappearance depends on different taxonomic groups, depending on the habitat
type [41,42]. Although forest and human-dominated (urban and agricultural) habitats
have different communities of scavenging beetles and vertebrates [43–47], some species
are more abundant in human-dominated habitats than in natural environments. It is
possible that the function of carcass disappearance is maintained by the presence of different
taxonomic groups of animals including humans, even in highly anthropogenically modified
landscapes. In such landscapes, it is important to determine which animals contribute to the
disappearance of carcasses in a community that includes both vertebrates and invertebrates.

Here, we investigated the spatial and temporal disappearance patterns of small mam-
mal carcasses in forest and human-dominated (urban and agricultural) habitats in north-
eastern Japan. We hypothesized that the removal rate would be similar in each habitat,
but the spatial and temporal patterns of disappearance would differ. This is because,
although urban and agricultural areas have different communities than natural environ-
ments, animals that contribute to the disappearance of small mammal carcasses are still
likely to be found in such areas. To test this hypothesis, we implemented an experimental
field approach using mouse carcasses. This approach is more empirical than trap-based
consumer estimates because it reflects the actual field interactions of carcass scavengers
based on interspecific relationships. Rodents and other small mammals inhabit diverse
landscapes [48–50] and are likely to provide a large number of carcasses, making them
suitable baits for this experiment. The aim of our study was to investigate how habitat
modification affects the disappearance processes of small mammal carcasses by both verte-
brates and invertebrates. The results will contribute to our understanding of the effects of
human-induced landscape modification on biological interactions and the complementary
and redundancy of ecosystem functions.

2. Materials and Methods
2.1. Study Area

This study was conducted in Tsuruoka City, northeastern Japan (38◦43′ N, 139◦49′ E;
Figure 1). This area belongs to the cool temperate zone, with an annual mean temperature
of 12.5 ◦C and annual precipitation of 2097.5 mm [51]. Parts of the mountainous areas
receive heavy snowfall of more than 3 m in winter. Most of the mountainous area in
the study region was covered by forests, mainly natural forests dominated by Fagaceae
trees such as Japanese beech (Fagus crenata) and Japanese oak (Quercus crispula), and
some cedar (Cryptomeria japonica) plantations. The plains consisted of agricultural land
(approximately 15%), mainly paddy fields, and residential areas concentrated in certain
regions (approximately 2%) (Figure 1).

In this study, we prepared two study sites as forest landscapes (Figure 2a), one site
as an agricultural landscape (Figure 2b), and two sites as urban landscapes (Figure 2c).
Since the degree of forest canopy affects the species composition and abundance of carrion
beetles [47], the sites for forest and urban landscape sites were set up as closed and open
canopy, respectively. The study sites for the forest and agricultural landscapes were
established in the Kaminagawa Experimental Forest (forest-closed and forest-open sites)
and Takasaka Farm (agricultural-open site) of Yamagata University, respectively. The study
sites for the urban landscapes were established at the Biodiversity Conservation Study Site
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(urban-closed site) and the Tsuruoka Campus (urban-open site) of Yamagata University,
respectively. We conducted experiments at each of these five sites.
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Figure 1. Locations of the study area and the sites that were surveyed.

The surrounding environment of the forest-closed site was a typical cool-temperate
deciduous forest consisting mainly of Japanese beech, with some cedar plantations. The
forest-open site was located near a forest road located approximately 200 m away from the
forest-closed site, and the agricultural-open site was located along the causeway between
the croplands. This cropland consisted mainly of rice paddies and dry fields, and there
were no trees surrounding the area. The urban-closed site was an isolated forest of approxi-
mately 0.64 ha with a mixture of cedar, Japanese walnut (Juglans ailantifolia), and bamboo
(Phyllostachys edulis), located approximately 400 m from the urban-open site. For each site,
canopy openness was calculated based on a hemispherical photograph taken at a height of
1.2 m with a digital camera (Coolpix P5100, Nikon, Tokyo, Japan) equipped with a fisheye
lens (FC-E8, Nikon, Tokyo, Japan) in August and September 2020. Photographs were taken
five times at each site on a cloudy day. CanopOn2 [52] was used to obtain the degree of
canopy openness from the hemispheric photograph, and the average value was used as
the representative for each site. The degree of canopy openness was 5.9% for forest-closed
sites, 30.1% for forest-open sites, 93.2% for agricultural-open sites, 7.3% for urban-closed
sites, and 62.9% for urban-open sites.
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Figure 2. Photographs related to field survey. (a) An example of forest-closed sites, (b) an example
of agricultural are-open sites, (c) an example of urban-closed sites, (d) a small carcass placed for
field experiments, (e) removal of a carcass by vertebrates, (f) burial of a carcass by Nicrophorus
beetles, (g) colonization of a carcass by flies, (h) colonization of a carcass by ants, (i) a camera trap in
agricultural are-open sites.

2.2. Field Experiments

We conducted the disappearance experiments of small mammal carcasses at each site
from August to September (summer) and October to November (autumn) 2020. Based on
previous studies [28,37,53], fresh mouse carcasses (Mus musculus, mean weight 42.3 ± 5.4 g)
were placed on the ground at each study site (Figure 2d). To account for differences in
the scavenger fauna depending on the time of day [46,54], we prepared two different
installation times: within three hours after sunrise (morning) and within three hours
before sunset (evening). We placed four to ten mice at each site and conducted three to
six experiments at each study site. The mice were fresh carcasses sold as pet food for
carnivores. The number of mice placed at each site in the summer and autumn was 40 and
29 for forest-closed, 40 and 30 for forest-open, 48 and 30 for agricultural-open, 40 and 35
for urban-closed, and 45 and 35 for the urban-open site, respectively. In previous studies
on both vertebrates and invertebrates, as we did, the distance between mice was set to at
least 2 m [28,37], whereas in this study each mouse was placed at least 10 m away from the
others. To find the carcasses that had been removed or buried by scavengers, we attached
approximately 60 cm of dental floss to the body of the mouse, tied it to a tree branch at the
other end, and drove the branch into the ground [28] (Figure 2d). The placed mouse was
checked for conditions after three days. If it was still present at that time, it was observed
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again after another three days. Similar to previous studies [28,37,55], we distinguished
between removal by vertebrates, burial by Nicrophorus beetles, and consumption by other
invertebrates. When dental floss and carcasses were buried underground, we determined
that the carcasses were taken by Nicrophorus beetles (Figure 2e). Although some ant species
cover carcasses with soil [56,57], in this study, we dug up buried carcasses and confirmed
the absence of ants. When the dental floss was not buried underground and the carcass
was not located in the surrounding area, we determined that the carcass was taken by a
vertebrate (Figure 2f). If a particular species or group of invertebrates colonized the carcass,
that species or group was considered responsible for the disappearance of the carcass.
These were specifically classified as flies (Figure 2g) or ants (Figure 2h). Carcasses used by
diverse species and groups were defined as other invertebrates.

2.3. Camera Trap

We used an infrared sensor camera (Trophy Cam HD119876, Bushnell, KS, USA;
BTC-6HD-940 and BTC-6HD-APX, Browning, UT, USA; HykeCam SP2, Hyke, Hokkaido,
Japan) to investigate the vertebrates that removed the carcasses. The camera trap was set to
either three or five consecutive shots in response, with the interval between each shot set
to one second. The survey was conducted at the same time as the carcass disappearance
experiment, and the camera traps were positioned in the direction of specific carcasses.
The survey period of the camera trap was three days after the placement of the carcass,
and the total number of days was 60 (20 traps × 3 days) for the summer season and
45 (15 traps × 3 days) for the autumn season. Camera traps were placed at a height of
approximately 60 cm, attached to standing trees at closed sites, and fixed on tripods at open
sites (Figure 2i). The distance between the carcass and the camera trap was approximately
0.6 to 1.5 m. Based on the photographs taken, we identified the vertebrates that removed
the carcasses, and vertebrates captured by the camera traps that did not exhibit carcass
removal behavior were excluded from the data.

2.4. Statistical Analysis

To analyze the effect of habitat differences on the disappearance of small mammal
carcasses, we used Firth’s bias-reduced logistic regression for each disappearance type in
each season [58]. In ordinary logistic regression, the solution may not converge, and the
regression coefficients and standard errors may be overestimated if the response variable
data are completely separated by explanatory variables [59]. Firth’s bias-reduced logistic
regression can be adjusted by adding a penalty term to the log-likelihood function to
optimize the estimates [58,60,61]. We created five models for each season with the following
response variables: removal by vertebrates (1) and other (0), burial by Nicrophorus beetles
(1) and other (0), colonization by flies (1) and other (0), colonization by ants (1) and other
(0), and remaining (i.e., unused) (1) and other (0). Survey sites were used as categorical
variables for explanatory variables to show differences in habitat. The effect of the habitat
was assessed by using the forest-closed site as a reference and estimating the relative impact
of the other sites. As confounding factors, we used the time of carcass placement (1 in the
morning and 0 in the evening) and the number of repeated carcass placements at each site
as explanatory variables. The number of repeated carcass placements was used because
some vertebrates are known to revisit sites where they once obtained food resources [46],
and the cumulative number of surveys at each site in each season was defined as the
number of repetitions. We calculated the value of the variance inflation factor (VIF) and
confirmed that it was less than five, thus assuming that multicollinearity would not be a
factor. All analyses were performed using R3.6.2 [62] and the packages logistf ver 1.24, car
ver 3.0.10, and the functions logistf and vif.
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3. Results
3.1. Field Experiment

In the summer, all mice disappeared by scavengers within three days of placement
(Figure 3). Of the mice placed at the forest-closed site, 75% (30/40) were buried by Nicropho-
rus beetles, 17.5% (7/40) were removed by vertebrates, 5% (2/40) were colonized by flies,
and 2.5% (1/40) were colonized by ants. At the forest-open site, 65% (26/40) were colo-
nized by flies, 22.5% (9/40) were removed by vertebrates, and 12.5% (5/40) were buried by
Nicrophorus beetles. At the agricultural-open site, 66.7% (32/48) were removed by verte-
brates, and 20.1% (10/48) and 12.5% (6/48) were colonized by flies and ants, respectively.
At the urban-closed site, 80% (32/40) were colonized by flies, and 10% (4/40) were used by
other invertebrates. Colonization by ants and removal by vertebrates was 5% (2/40). At
the urban-open site, 75% (34/45) were removed by vertebrates, 17% (8/45) were colonized
by ants, and 6% (3/45) were colonized by flies.
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During the autumn survey, most of the mice disappeared within three days of carcass
placement, but some remained (Figure 3). For each site, 20.6% (6/29), 86.6% (26/30), 3.3%
(1/30), and 14.3% (5/35) remained at the forest-closed, forest-open, agricultural-open, and
urban-open sites, respectively. All carcasses at the urban-closed site disappeared within
three days. After another three days of observation, the remaining carcasses disappeared
from all locations (Figure 3). Of the mice placed at forest-closed sites, 86.2% (25/29) were
removed by vertebrates, 10.3% (3/29) were buried by Nicrophorus beetles, and 3.4% (1/29)
were colonized by ants. At forest-open sites, 96.7% (29/30) were removed by vertebrates,
and 3.3% (1/30) were colonized by ants. At the urban-closed site, 91.2% (32/35) were
removed by vertebrates, and 8.6% (3/35) were colonized by flies. At the agricultural-open
and urban-open sites, all mice were removed by vertebrates (30/30 and 35/35, respectively).
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3.2. Firth’s Bias-Reduced Logistic Regression

The results of logistic regressions for each disappearance pattern in summer showed
that the rate of removal by vertebrates was significantly higher in the agricultural-open and
urban-open sites and that the urban-closed site had significantly less vertebrate activity
than the forest-closed sites (Table 1). The number of repeated carcass placements had a
significant positive effect on the rate of removal by vertebrates (Table 1). The rate of burial
by Nicrophorus beetles was significantly higher at the forest-closed site than at the other
locations (Table 1). The colonization rate by flies was significantly higher in forest-open,
agricultural-open, and urban-closed sites than in forest-closed regions (Table 1). The rate
of ant colonization was significantly higher in agricultural-open and urban-open than
in forest-closed sites, and the number of repeated carcass placements had a significant
negative effect (Table 1).

Table 1. Parameter estimates of Firth’s bias-reduced logistic regression for the pattern of the disap-
pearance of the carcasses placed at each survey site in each season.

Variable

After Three Days in Summer After Three Days in Autumn After Six Days in Autumn

Coefficient SE
95% CI

p-Value Coefficient SE
95% CI

p-Value Coefficient SE
95% CI

p-Value
Lower Upper Lower Upper Lower Upper

Vertebrates or not
Intercept −2.71 0.61 −3.97 −1.58 <0.01 −1.70 2.32 −6.72 2.71 n.s. −1.20 4.98 −19.40 7.95 n.s.
Survey site
Forest-closed - - - - - - - - - - - - - - -
Forest-open 0.32 0.57 −0.79 1.45 n.s. −2.58 0.66 −3.97 −1.38 <0.01 1.46 1.08 −0.49 3.92 n.s.
Agricultural
area-open 1.65 0.54 0.64 2.74 <0.01 1.38 1.17 −0.83 3.98 n.s. 1.03 2.22 −5.12 6.52 n.s.

Urban-closed −1.72 0.82 −3.52 −0.24 <0.05 0.46 1.08 −1.64 2.67 n.s. −1.22 1.96 −7.17 2.59 n.s.
Urban-open 2.53 0.57 1.48 3.69 <0.01 −0.06 1.04 −2.12 2.03 n.s. 1.02 2.28 −5.12 6.61 n.s.
Installation time −0.31 0.38 −1.05 0.43 n.s. 0.02 0.68 −1.33 1.41 n.s. −2.47 1.59 −7.58 1.48 n.s.
Number of times
installed 0.50 0.13 0.25 0.78 <0.01 0.41 0.36 −0.26 1.19 n.s. 0.81 0.77 −0.49 3.72 n.s.

Nicrophorus or not
Intercept 1.99 0.92 0.12 4.11 <0.05 −5.20 5.46 −27.62 18.05 n.s. −5.20 5.46 −27.62 18.05 n.s.
Survey site
Forest-closed - - - - - - - - - - - - - - -
Forest-open −2.92 0.59 −4.17 −1.84 <0.01 −2.23 1.56 −7.18 0.27 n.s. −2.23 1.56 −7.18 0.27 n.s.
Agricultural
area-open −5.41 1.41 −10.28 −3.30 <0.01 −2.75 2.26 −9.83 4.87 n.s. −2.75 2.26 −9.83 4.87 n.s.

Urban-closed −5.30 1.43 −10.17 −3.21 <0.01 −2.99 2.72 −15.97 4.83 n.s. −2.99 2.72 −15.97 4.83 n.s.
Urban-open −5.38 1.43 −10.25 −3.29 <0.01 −2.99 2.72 −15.97 4.83 n.s. −2.99 2.72 −15.97 4.83 n.s.
Installation time −0.70 0.60 −2.01 0.53 n.s. 3.06 1.75 −2.23 8.81 n.s. 3.06 1.75 −2.23 8.81 n.s.
Number of times
installed −0.23 0.25 −0.81 0.31 n.s. 0.26 0.82 −3.39 3.61 n.s. 0.26 0.82 −3.39 3.61 n.s.

Flies or not
Intercept −3.10 0.79 −4.87 −1.70 <0.01 −0.57 4.83 −9.98 15.76 n.s. −0.57 4.83 −9.98 15.76 n.s.
Survey site
Forest-closed - - - - - - - - - - - - - - -
Forest-open 3.34 0.74 2.06 5.03 <0.01 0.00 2.01 −5.26 5.25 n.s. 0.00 2.01 −5.26 5.25 n.s.
Agricultural
area-open 1.42 0.77 0.03 3.15 <0.05 1.54 2.49 −4.23 7.86 n.s. 1.54 2.49 −4.23 7.86 n.s.

Urban-closed 4.05 0.77 2.71 5.79 <0.01 3.74 2.26 −0.46 9.88 n.s. 3.74 2.26 −0.46 9.88 n.s.
Urban-open 0.22 0.87 −1.48 2.07 n.s. 1.56 2.54 −4.31 7.89 n.s. 1.56 2.54 −4.31 7.89 n.s.
Installation time 0.50 0.38 −0.25 1.26 n.s. 1.33 1.45 −2.23 6.41 n.s. 1.33 1.45 −2.23 6.41 n.s.
Number of times
installed 0.04 0.13 −0.21 0.31 n.s. −0.77 0.73 −3.39 0.50 n.s. −0.77 0.73 −3.39 0.50 n.s.

Ants or not
Intercept −1.22 1.03 −3.66 0.67 n.s. - - - - - −5.60 5.38 −28.80 18.05 n.s.
Survey site
Forest-closed - - - - - - - - - -
Forest-open −1.14 1.65 −6.14 1.84 n.s. - - - - - −0.01 1.19 −2.61 2.60 n.s.
Agricultural
area-open 2.24 1.00 0.47 4.62 <0.05 - - - - - −1.65 2.30 −9.00 6.15 n.s.

Urban-closed 0.73 1.08 −1.38 3.18 n.s. - - - - - −1.86 2.72 −15.18 6.08 n.s.
Urban-open 2.27 0.95 0.64 4.58 <0.01 - - - - - −1.86 2.72 −15.18 6.08 n.s.
Installation time −0.31 0.60 −1.56 0.90 n.s. - - - - - 2.46 1.67 −2.84 8.20 n.s.
Number of times
installed −0.90 0.23 −1.43 −0.46 <0.01 - - - - - 0.24 0.80 −3.49 3.69 n.s.

Remain or not
Intercept - - - - - 0.53 2.60 −4.62 6.15 n.s. - - - - -
Survey site
Forest-closed - - - - - - - - - - - - - - -
Forest-open - - - - - 3.03 0.68 1.79 4.46 <0.01 - - - - -
Agricultural
area-open - - - - - −1.17 1.24 −3.89 1.22 n.s. - - - - -

Urban-closed - - - - - −2.24 1.73 −7.36 0.70 n.s. - - - - -
Urban-open - - - - - 0.29 1.16 −2.12 2.60 n.s. - - - - -
Installation time - - - - - −0.73 0.78 −2.39 0.83 n.s. - - - - -
Number of times
installed - - - - - −0.26 0.40 −1.13 0.52 n.s. - - - - -

Logistic regression analysis showed that the rate of removal by vertebrates at the
forest-open site was significantly lower than that at the forest-closed site after three days
(Table 1). The number of unused carcasses at the forest-open site was significantly higher



Diversity 2023, 15, 339 8 of 14

than that at the forest-closed site (Table 1). There were no significant results for burial by
Nicrophorus beetles and colonization by flies (Table 1).

The results of logistic regressions on the disappearance patterns of carcasses after six
days showed that removal by vertebrates, burial by Nicrophorus beetles, and colonization
by flies and ants had no significant effect on any of the variables (Table 1).

3.3. Camera Trap

In the summer, five mammal species and two bird species were recorded as follows:
red foxes (Vulpes vulpes), raccoon dogs (Nyctereutes procyonoides), masked palm civets
(Paguma larvata), cats (Felis catus), rodents (Muridae spp.), raptors (Accipitriformes spp.), and
crows (Corvus spp.) (n = 27, Table 2). At the forest-closed and forest-open sites, masked
palm civets and rodents were photographed once, whereas, at the agricultural-open site,
raptors were the most frequently photographed (n = 4), but raccoon dogs and red foxes were
also captured (Table 2). In the urban-closed site, a masked palm civet was photographed
once, and in the urban-open site, crows were the most frequently detected (n = 10), followed
by cats, raptors, and masked palm civets.

Table 2. Frequency of vertebrates that removed carcasses captured by camera traps. The number of
camera days at each study site was 60 days in summer and 45 days in autumn.

Group Species Common Name

Study Site in Summer Study Site in Autumn

Forest-
Closed

Forest-
Open

Agricultural
Area-Open

Urban-
Closed

Urban-
Open

Forest-
Closed

Forest-
Open

Agricultural
Area-Open

Urban-
Closed

Urban-
Open

Mammal Ursus thibetanus Asiatic black bear 0 0 0 0 0 1 0 0 0 0
Vulpes vulpes Red fox 0 0 1 0 0 0 0 12 0 0
Nyctereutes procyonoides Raccoon dog 0 0 1 0 0 3 0 0 0 0
Paguma larvata Maskec palm civet 1 1 0 1 1 3 0 0 2 0
Felis catus Cat 0 0 0 0 3 0 0 0 1 0
Muridae spp. Rodents 1 1 0 0 0 4 0 0 0 1

Bird Accipitriformes spp. Raptors 0 0 4 0 2 0 0 1 0 0
Corvus spp. Crows 0 0 0 0 10 0 0 0 9 10

Total 2 2 6 1 16 11 0 13 12 11

Results of the autumn camera traps included Asiatic black bears (Ursus thibetanus),
red foxes, raccoon dogs, masked palm civets, cats, rodents, raptors, and crows (Table 2).
Rodents (n = 4) were the most frequently photographed at the forest-closed sites, followed
by raccoon dogs, red foxes, and Asiatic black bears. At the agricultural-open site, red foxes
were the most commonly photographed species (n = 12), and one raptor was also captured.
The most commonly photographed species at the urban-closed site were crows (n = 9),
followed by masked palm civets and a cat. In the urban-open site, crows were frequently
photographed (n = 10) and rodents were also captured.

4. Discussion

All small mammal carcasses placed in both the summer and autumn disappeared within
6 days by various scavengers (Figure 3); therefore, there was little difference in the rate of
carcass disappearance between habitats. A previous study examining the use of carcasses by
vertebrate scavengers along an urban-rural environmental gradient reported no significant
differences in carcass removal rates and the maintenance of ecological functions in cities,
although the species composition differed between landscapes [46]. Our results are consistent
with this study. The groups of scavengers that contributed to the disappearance of carcasses
in the summer survey differed among sites (Figure 3), suggesting that the disappearance
process varies with landscape and the degree of canopy openness. Although many carcasses
were removed by vertebrates during the autumn survey (Figure 3), the species varied among
the sites. This suggests that different vertebrate species contribute to the disappearance of
small mammal carcasses depending on the environment of the study site [40]. In urban and
agricultural landscapes, different groups of vertebrates and invertebrates would perform
functions related to carcass disappearance than in forest landscapes.

This study also showed that the disappearance pattern of small mammal carcasses
varied greatly with the season (Figure 3 and Table 1). Inagaki et al. [29] reported seasonality
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in the use of carcasses by vertebrate scavengers. Previous studies have reported that carrion
beetles, blowflies (Calliphoridae), and ants that utilize animal carcasses are more active
in the summer and less active in the autumn and winter [40,47,63–67]. These findings are
consistent with the results of the present study. Our results suggest that a single season is
not sufficient to assess ecosystem functions and that multi-seasonal studies that take into
account the activity and life history of vertebrates and invertebrates are needed. We found
that in addition to habitat factors, seasonal effects were also significant in the disappearance
pattern of small mammal carcasses.

4.1. Scavenging by Invertebrates

Burial by Nicrophorus beetles was found only in forest sites (Figure 3), and during
the summer survey, burial by Nicrophorus beetles was significantly higher in the forest-
closed sites (Table 1). Ueda [68] and Shizukuda and Saito [47] stated that a high degree of
canopy openness is important for the abundance of carrion beetles, including Nicrophorus
beetles. This is consistent with the results of our study, in which burial by Nicrophorus
beetles was more common in closed environments. Burial by Nicrophorus beetles was not
observed at urban or agricultural sites in our study area (Figure 3), although previous
studies have reported that it is possible to maintain Nicrophorus beetle abundance even in
urban landscapes if a large forest area is present [37,45]. The agricultural-open and urban-
open sites examined in this study were sunlit environments, while the urban-closed site
was a small, isolated forest, which may have prevented the presence of Nicrophorus beetles.
The study by Shizukuda and Saito [47], which examined carrion beetle communities in the
same study area, did not collect any Nicrophorus beetles.

The rate of colonization by flies during the summer was higher at the open site than
at the closed site in the forest site (Table 1). Nicrophorus beetles are known to suppress
flies by removing their larvae from the carcass [69,70]. In the forest-open site, there were
fewer Nicrophorus beetles, which may have allowed flies to colonize the carcasses. In
the forest-closed site, flies may have been less abundant as a result of competition with
Nicrophorus beetles. In contrast to the forest sites, the urban sites had greater fly activity
in the closed sites (Table 1). In the urban open sites, most of the carcasses were removed
by vertebrates, particularly crows (Figure 3 and Table 2). In an urban landscape in the
United Kingdom, Corvidae birds were reported to consume approximately 30–40% of the
roadside carcasses [26,71]. In our study site, the rate of colonization by flies may have been
low because vertebrates, primarily crows, removed the carcasses before flies could colonize
them in the urban-open site.

The colonization of small mammal carcasses by ants in summer was more frequent in
the agricultural and urban open sites (Figure 3 and Table 1). According to carrion traps
for ants only, the frequency of use was highest in forests, followed by farmlands, and
finally in cities [72], which differs from the results of our study. In nature, competition
for food resources exists between different taxonomic groups, and the colonization of
carcasses may be less frequent than expected from the results of trap surveys targeting
ants only. Furthermore, a study examining the food decomposition function of ants found
no significant difference in removal rates between urban and suburban areas [73]. This is
consistent with the results of our study, in which the colonization of carcasses was higher
in urban and agricultural areas, suggesting the importance of the decomposition function
by ants in cities.

4.2. Scavenging by Vertebrates

Removal of small mammal carcasses by vertebrates during the summer was more
common in agricultural and urban-open sites, and less common in urban-closed sites
(Table 1). The number of removals by birds (crows and raptors) was higher in the urban
and agricultural-open sites (Table 2). Gatesire et al. [74] reported that bird scavengers
and raptors were more abundant in open environments such as wastelands, which is
consistent with the results of this study. Visibility is a possible reason why birds remove
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more carcasses in open environments; since birds are able to search for resources efficiently
due to their ability to fly [75], an open environment without visual barriers may be more
efficient for resource acquisition. Some raptor species inhabiting Japan are known to rely
on open habitats for foraging, such as grasslands and rice paddies [76–78]. These factors
suggest that removal by birds is increased at open sites. In particular, crows are considered
to be the most important scavengers in the United Kingdom [26,71], and our results suggest
that they are also important in Japan. In autumn, removals by birds (crows) were higher
at the urban site, as in the summer, but most removals at the agricultural-open site were
by red foxes (Table 2). Some raptors make large autumn migrations and overwinter in the
southwestern islands of Japan and Southeast Asia [79], and some vertebrate scavengers
also show seasonality in their use of carcasses [29]. These results suggest that the vertebrate
assemblages at the agricultural-open site differed by season.

In the autumn, some carcasses were still observed three days after the start of the
experiment (Figure 3). Particularly in the forest-open site, the number of carcasses re-
maining was high, while the rate of removal by vertebrates was low (Table 1). The higher
remaining rate in the forest-open site may be related to less removal by vertebrates than in
the closed site, and the effect of reduced insect activity due to lower temperatures. At all
sites, however, all carcass remains were cleared by scavengers after six days of the carcass
placement (Figure 3). More than 80% of the carcasses that had disappeared were removed
by vertebrates, and the disappearance rate did not differ significantly among the study sites
(Figure 3 and Table 1). This may be the result of an increase in the removal by vertebrates
due to a decrease in insect activity during the autumn [40]. This suggests that vertebrates
serve as important scavengers in the autumn.

5. Conclusions

This study suggests that ecological functions associated with the disappearance of
small mammal carcasses in anthropogenically modified habitats may be maintained by
the complementary activity of vertebrates and invertebrates. This suggests that biological
communities in urban and agricultural landscapes have redundancy in ecosystem functions
in the study area. Species that can adapt to the human-dominated landscape may have a
relatively higher contribution to the disappearance process than the same species living in
natural landscapes. Small mammals such as mice and rats used in this field experiment are
generally abundant in different landscapes including urban and agricultural areas [48–50].
This suggests that animals with carcass disappearance processes associated with the pres-
ence of these small mammals inhabit human-dominated landscapes. Urbanization has
led to the homogenization of animal community structure [7], while even leading to more
dissimilar communities between cities than between rural landscapes [6]. In such cases,
there is room to consider whether ecosystem redundancy can be maintained in human-
dominated landscapes through species turnover, including nonindigenous species [40]. As
we were unable to identify species in the invertebrate community, further detailed analysis
will reveal the effects of turnover on the decomposition of small carcasses.

The carcass decomposition function in this study was limited to the disappearance
of small mammal carcasses. In the natural environment, the carcasses of small mammals
as well as medium and large mammals and birds are all available. Depending on the
size and taxonomic group of animal carcasses, the decomposition process may vary [80].
As shown in this study, the remains of small mammals are consumed only by certain
taxonomic groups due to their size, whereas the carcasses of medium and large mammals
are not monopolized by one species, but are used by a variety of vertebrate species [29,80].
The effects of taxonomic groups and carcass size on the decomposition process should be
investigated not only in forest habitats but also in human-dominated habitats, leading to a
further understanding of ecosystem functions.
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