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Abstract

Increased agricultural intensification and extensive woody plant encroachment are having
widespread effects on the functioning of grass-dominated systems at multiple spatial scales. Yet,
there is little understanding of how the provisioning of biodiversity-based ecosystem services
might be altered by these ongoing changes. One fundamental ecosystem service that is
decreasing globally, especially in human-altered landscapes, is scavenging that regulates disease
processes, alters species distributions, and influences nutrient cycling. Accordingly, our goal was
to understand how facultative scavenging, particularly that of mesocarnivores, was affected by
landscape heterogeneity and woody encroachment in tropical-grassy savannas within an
agricultural landscape mosaic. We baited (using chicken carcasses) plots across a gradient of
land-cover heterogeneity in areas with an open and closed canopy, and subsequently measured
scavenging rates. We found that scavenging efficiency of mesocarnivores and other small
vertebrates was dependent on environmental variation at multiple spatial scales within our
savanna agro-ecosystem. Mesocarnivores removed more bait when the overstory canopy at the
plot (i.e. the exact location of the bait station) was more closed; in contrast, mesocarnivore
scavenging was less efficient when patches (50m x 50m area around the bait station) within the
site had a higher density of shrubs. At the landscape scale, increased land-cover fragmentation
resulted in decreased amounts of scavenging by mesocarnivores. This study demonstrates that a
relatively transformed agro-ecosystem can support the provision of important ecosystem services
and offer an important buffer against loss of ecosystem services. Our results suggest that targeted
woody encroachment control, protection of large trees and management or mitigation of extreme

levels of fragmentation can help maintain ecosystem service provision and biodiversity.
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Introduction

Changing land-cover in grass-dominated systems is causing two clear and widespread
trends: 1) the transition of grassland and savannas to agricultural landscapes (i.e., intensively
utilized rangelands and croplands); and 2) extensive woody plant encroachment (Martin et al.,
2014; Stevens et al., 2017; Osborne et al., 2018). These shifts alter landscapes and disrupt
ecosystem services (Parr et al., 2014; Hurst et al., 2014; Veldman, 2016; Luvuno et al., 2018;
Osborne et al., 2018) by creating patches of encroached grassland and savannas embedded
within a matrix of intensively utilized rangelands and croplands (Martin et al., 2014; Osborne et
al., 2018). These trends are particularly strong in Africa’s diverse tropical-grassy savannas
(Murphy et al., 2016), which provide essential ecosystem services that contribute to human
livelihoods and culture (Cousins, 1999; Holechek et al. 2016; Ryan et al., 2016). Over the next
century, agriculture land-uses are accepted to intensity and expand (Donald, 2004; Osborne et
al., 2018) with the addition of 3.1 - 5.7 billion people to the African continent (Gerland et al.,
2014; Osborne et al., 2018).

In agro-ecosystems, common metrics used to quantify the influence of land-use patterns
on diversity and ecological processes often focus on the diversity or heterogeneity of the
landscape. Compositional heterogeneity reflects the diversity of land-cover types, whereas
configurational heterogeneity estimates the variation in the arrangement of land cover types

(Duelli, 1997; Fahrig et al., 2011; Reynolds et al., 2018). These landscape patterns influence



species richness, abundance, and ecological interactions (Tews et al., 2004; Neumann et al.,
2016). High levels of heterogeneity can enhance biodiversity (Dunning et al., 1992; Huston,
1994; Benton et al., 2003) and support high levels of ecosystem services (Brandt, 2003; Landis,
2017); however, too much configurational heterogeneity resulting in fragmentation can reduce
biodiversity and disrupt key ecosystem services (Chase et al., 2020).

These trends in African savannas have implications at multiple spatial scales (Reynolds et
al., 2018; Holechek and Valdez 2018; LaScaleia et al. 2018; Stanton et al. 2020.). When
landscape-scale heterogeneity is altered by new agricultural development, smaller, within patch
characteristics like shrub density and canopy cover can be altered as well (Pickett and Rodgers,
1997). These structural changes can lead to variable responses from animal communities, which
respond to the direct (land conversation) and indirect effects (vegetation structural) of land-cover
at different scales (Tews et al., 2004; Reynolds et al., 2018; Stanton et al. 2020). However, we
have little understanding of how the provision of biodiversity-based ecosystem services (services
provided or enhanced by diverse biological communities) that these animal communities provide
may be affected by changes currently shaping Africa’s increasingly agricultural landscapes
(Hurst et al. 2014).

One fundamental biodiversity-based ecosystem service that is decreasing globally,
especially in anthropogenically altered landscapes, is scavenging (Millennium Ecosystem
Assessment, 2005; Markandya et al., 2008; DeVault et al., 2011; Mateo-Thomas et al., 2017).
Efficiency of carrion removal regulates disease processes that impact wildlife and public health
(Markandya et al., 2008; Jennelle et al., 2009; Chikerema et al., 2013; Lehman et al., 2017),
affects the spatial distribution of species (Cortés-Avizanda et al., 2009), and influences the

biogeochemical processes involved in nutrient cycling (Burkepile et al., 2006). Consumption of



carrion by scavengers can also have a stabilizing effect on food web dynamics by transferring
nutrients into higher trophic levels (Moleon et al., 2014; Turner et al., 2017). However, different
types and scales of land-cover changes may disrupt or enhance the scavenging services offered
by certain taxonomic groups (Tews et al., 2004; DeVault et al., 2011). In many
anthropogenically dominated landscapes mesocarnivores are the dominant scavengers (Cancio et
al., 2017, Williams et al., 2018), yet we only have a limited understanding of how patterns of
land cover on different scales alter their scavenging services.

Our goal was to understand how facultative scavenging, particularly that of
mesocarnivores, was affected by variability in landscape heterogeneity and woody
encroachment. Within this agro-ecosystem, we predicted that higher levels of compositional
heterogeneity (e.g. variability of cover types) would result in a higher removal rate, as the
diversity of land-cover types would support a varied and diverse array of scavengers (Kerr and
Packer, 1997; Tews et al., 2004; Moledn et al., 2014). We also predicted that as woody
encroachment increased, we would see reductions in metrics of mesocarnivore scavenging as
encroachment has been shown to be negatively associated with mesocarnivores’ ability to detect

carrion (DeVault et al., 2002; Turner et al., 2017).

Methods
Study area

Our study was located in the Lowveld region of northeastern Eswatini (formerly the
Kingdom of Swaziland; Figure 1) within the Maputaland-Pondoland-Albany (MPA) center for
endemism (Perera et al., 2011), an area representative of the typical anthropogenic pressures

common in African savanna landscapes (Bailey et al 2016). The Eswatini lowveld consists of a



mosaic of commercial agriculture, rain-fed agriculture, cattle ranches, and conservation lands
that have become increasingly fragmented over time (Bailey et al. 2016; Reynolds et al., 2018).
The commercial agriculture in the region is dominated by sugarcane monoculture (Esterhuizen,
2015), and rain-fed agriculture is often centered on the production of maize (Bailey et al., 2016).
The region has experienced an increased loss of native savanna vegetation (Dlamini 2017)
coupled with a steady increase in the amount of agricultural and urban development surrounding
protected areas and savannas (Bailey et al 2016). The native vegetation is classified as basalt
sweet arid lowveld (Mucina and Rutherford, 2006), with narrow strips of riparian forest (Sweet
and Khumalo, 1994). Over the last 70 years, fire suppression, over grazing and possibly elevated
levels of COz have led to a steady increase in woody vegetation cover, predominantly by the
shrub Dichrostachys cinerea (Roques et al., 2001; Sirami and Monadjem, 2012; McCleery et al.
2018). Climatically, the region can be characterized by dry (0 — 50mm of rain) and mild (8 —
26°C) winters, and wet (200 —500mm of rain) and hot (15 — 33°C) summers (Goudie and Price
Williams, 1983). Soils throughout the study sites were predominantly basaltic (Goudie and Price

Williams, 1983).

Site selection

To capture patterns of landscape heterogeneity within the study area, we selected 16 a
priori savanna sites, 500 x 500m in size, based on metrics of landscape heterogeneity (Figure 1).
To select these sites, we used the Reynolds et al. (2018) land cover dataset, which used a moving
window analysis to quantify compositional and configurational heterogeneity within a 2-km
radius of each cell. These landscape heterogeneity metrics included: Shannon diversity index of

land cover types (SHDI), land cover richness (LCR), total length of edge between land cover



classes (TE), total number of patches (NP), patch cohesion (COHESION), and landscape
division (DIVISION). To represent compositional heterogeneity, we chose the commonly used
SHDI and LCR indices, and to represent configurational heterogeneity we used the remaining
landscape metrics, which represented both edge effect and connectivity processes (Cushman et
al., 2008; Fletcher and Fortin, 2018). We used principal components analysis (PCA) to derive
two descriptive orthogonal principal components, one representing compositional heterogeneity
(comp), and another representing configurational heterogeneity (config). All cells were then
ranked based on their PCA value for compositional and configurational heterogeneity. We
scored sites as low (< 33%, e.g. dominated by savanna), medium (33-66%, e.g. mix of savanna
and other cover types), or high (> 66%, highly variable cover types) compositional and
configurational heterogeneity and stratified the 16 sites across these categories (Table 1). At all
of the 16 sites, we established 6 bait plots (10 x 10m) spaced 50m apart. We split the location of
these 6 plots, placing 3 in a relatively open parcel characterized by low shrub and canopy cover,
and 3 in a relatively closed parcel characterized by high shrub and canopy covers (Figure 1).

Paired plots were located approximately 100 - 200m apart.

Table 1. Stratification of sampled sites based on observed quantiles of landscape composition comp) and
configuration (config) at 2 km. Both compositional and configurational metrics were derived from separate PCAs,
wherein for composition, Shannon diversity and land cover richness was used. For configuration, edge length,
number of patches, patch cohesion and landscape division index was used. We then stratified values from the first

principal component into three quantile categories for sampling (< 33%, 34-66%, and >67%).

<33% comp 34-66% comp > 67% comp
< 33% config 2 2 2
34-66% config 2 1 2

> 67% config 2 0 3
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Figure 1. Field sampling sites and experimental design conducted in the lowveld of northwestern Eswatini during
2018. With each of the 16 savanna sites we placed 3 bait plots in a closed patch of savanna (high shrub and canopy

cover) and an open patch of savanna (low shrub and canopy cover) for a total of 6 plots per site.

Field sampling — scavenger monitoring

To determine how environmental variation influenced scavenging, we sampled during the
dry season from 25 June to 26 July 2018. We created bait stations by clearing a 5m radius circle
for bait presentation, which consisted of 500g (£ 10g) (weighed using a 500g x 0.01g AMIR
digital scale) of chicken necks. We secured the bait with wire mesh to the ground to slow
consumption. Chicken is commonly used in scavenging studies (DeVault et al., 2017; Ferreras et
al., 2018) and was easily accessible. To increase the detectability of the bait by scavengers via
scent (Stoddart, 1980; Natusch et al., 2017) the bait was taken out of refrigeration ~24 hours
prior and combined with chicken livers. We deployed bait at each plot by 16:00 and left it out for

3 nights. At the end of the 3-night sampling period we retrieved and weighed the remaining bait.



To determine the proportion of mass consumed by vertebrates compared to invertebrate
scavengers and desiccation, we placed three control bait piles of 500g (£10g) in open and closed
patches within a site. We prevented the consumption of the bait by vertebrates by placing it
inside wire mesh cages that only allowed small invertebrates to enter the wire box. After the
third night, we weighed the bait to determine the amount of mass lost to desiccation and
invertebrates.

To record scavenger visitation time and activity we installed a Moultrie M-40
(Birmingham, AL) game camera at each plot 4m away from the bait. All cameras were set on
high passive infrared sensor (PIR) detection sensitivity and full high definition (FHD) (1920
x1080) video quality. Cameras were activated by movement and were set to record 30-second
infrared video for nocturnal observations (the maximum time allowed by the camera), and 60-
second videos for diurnal observations. We checked camera battery life and SD card memory

between the hours of 09:00 and 11:00 each day.

Field sampling — vegetation metrics

We quantified vegetation characteristics at multiple scales to understand their association
with scavenging. At each savanna site we recorded vegetation structure on each of the open and
closed patches within a site (Figure 1) using three 50m transects. Two transects were placed in
parallel 20m apart, 10m on either side of the center of each patch. The third transect ran through
the center and perpendicular to the other transects. We estimated shrub cover (site.shrub) using
the line intercept method to average measurements from every 10m of the transect (Canfield,
1941). At every Sm interval along the transect we measured grass biomass (sife.grass) using a

disc-pasture meter (DPM) (Bransby and Tainton, 1977). DPM values were converted to
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estimated biomass (kg/km?) using calibrated estimates from Zambatis et al., (2006). We
estimated canopy cover of the open and closed patches (50m X 50m) within a site by recording
% cover (site.canopy) and averaging measurements from a convex spherical densitometer every
5m along the three 50m transects (Lemmon, 1956). Additionally, to understand how overstory
cover influenced mesocarnivore behavior at the scavenging bait station, we used a convex
spherical densiometer to measure canopy cover at the bait station in the four cardinal directions

directly over the bait at each bait plot (plot.canopy).

Scavenging

Scavenging efficiency, including the amount of carrion taken and how quickly it is
consumed, is a critical aspect of scavenging as an ecosystem service. We estimated scavenging
activity using two metrics: 1) the mass of the bait removed (mass); and 2) the speed at which a
bait was detected (time remaining after detection). We considered a site scavenged by a
vertebrate if bait was reduced by > 10g after adjusting for invertebrate consumption and
desiccation (see above). We classified scavenging by a mesocarnivore if bait was reduced by >
10g (after adjustment) and a mesocarnivore was detected on our cameras. We also calculated the
time it took for bait to be detected as an important indicator of scavenging efficiency (Moleon et
al. 2015). We calculated this as the time remaining after detection using the camera trap data by
determining the maximum number of minutes in a scavenging event (45000 min or 3 days)
minus the number of minutes until a detection was recorded. A score of 0 indicated no scavenger
was detected, and value near 45,000 indicated that a scavenger was detected soon after the bait
was placed in the environment. Because our cameras were not configured to detect rodents and

other smaller scavengers, we only calculated estimates for mesocarnivores.
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Data analysis

To understand the influence of landscape heterogeneity we examined our data at three
different scales: the landscape (at each site), the patch within each site (i.e. open or closed
canopy), and the plot (i.e. the location of the bait station) scale. Specifically, we determined how
landscape heterogeneity, site vegetation characteristics, and plot canopy cover shaped overall
scavenging rates and the scavenging rates of mesocarnivores by generating three sets of models.
First, to understand how scavenging service varied without regard for the type of vertebrate
scavenger, we evaluated models examining the amount of bait removed (mass). Next, we
evaluated the amount of bait removed (mass) and the time it took for the bait to be detected (time
remaining after detection), at bait stations that had been scavenged by mesocarnivores. We
evaluated 6 a priori models for each of the three sets of models. To avoid overfitting, models
included single variables of landscape heterogeneity at the site scale (comp, config), within site
scale vegetation (site.canopy, site.shrub, site.grass), and plot-scale canopy (plot.canopy), as well
as a null model (i.e. intercept only).

We evaluated the models using generalized-linear mixed models. With count data (mass
= number of grams removed, time remaining after detection = number of minutes) and non-
detections (0’s) we fit our models to a zero-inflated Poisson distribution, with savanna site as a
random variable, using the glmmTMB package (Magnusson et al., 2020) in R (R Core Team,
2019). Using the MuMIn package (Barton, 2020) for R, we compared models using AICc
(Akaike information criterion corrected for small samples) values and models weights. We
considered the statistical importance of variables in models within 4 AICc units of the best

model and lower than the null models. We evaluated the beta estimates of variables in these
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models and considered betas with 95% CI that did not include 0 to be meaningful predictors of

the response variables (Burnham and Anderson, 2002).

Results

Across the 96 baited plots, an average of 92.71g of bait was removed. Vertebrates
scavenged at 68 plots, (i.e. > 10g removed) with mesocarnivores responsible for scavenging at
39 of these plots. Overall, we detected 9 taxa of vertebrates that we considered to have
scavenged bait (Table 2). Of these, four were mesocarnivores: large-spotted genet (Genetta

maculata), slender mongoose (Galerella sanguinea), banded mongoose (Mungos mungo), and

black-backed jackal (Canis mesomelas) (Table 2).

Table 2. The 9 vertebrate taxa that scavenged bait and were recorded by camera traps, and the number of sites (n =
16) that the corresponding taxa were found to have scavenged from. All data were recorded in 2018 from the

lowveld region of northwestern Eswatini, Africa.

Species Sites scavenged
Large-spotted genet (Genetta tigrina) 13 (81%)
Slender mongoose (Galerella sanguinea) 7 (44%)
Rodentia spp. 7 (44%)
Warthog (Phacochoerus aethiopicus) 4 (25%)
Banded mongoose (Mungos mungo) 2 (13%)
Black-backed jackal (Canus mesomelas) 1 (6%)
Side-striped jackal (Canis adustus) 1 (6%)
Serval (Felis serval) 1 (6%)

Common dwarf mongoose (Helogale parvula) 1 (6%)
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Examining the amount of bait removed from vertebrate scavenged sites, two competing
models (configuration and plot.canopy) outperformed (i.e. had lower AICc) the null model;
however, the beta estimates of parameters in both models had 95% Cls that included 0. At
mesocarnivore scavenged sites, the best model explaining the amount of bait removed included a
localized plot-scale measure of canopy cover (Table 3). The model predicted that the amount of
bait removed doubled from 31 to 62g as canopy cover increased (Fig. 2) at the plot. We saw a
similar but less pronounced (i.e. beta estimate included 0) pattern when we considering the
relationship between all vertebrate scavenging and plot scale canopy cover (Table 3). At the
landscape scale, we also found that as the complexity (measured as configuration) of the
landscape was a competing model (Table 3). As the complexity of the landscape increased, the
amount of bait removed at mesocarnivore scavenged plots decreased (Table 3, Fig. 3). Our
model predicted a reduction in the amount of bait removed (by more than half from 83g to 30g)
from the simplest to the most complex landscapes (Fig. 3). Again, we found a similar but less
pronounced and meaningful pattern considering all vertebrate scavenging at the landscape scale

(Table 3).
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Figure 2. The predicted values (bold line), 95% Cls (shaded areas), and raw data (open circles) of the weight of bait

removed by mesocarnivores as a function of canopy cover at the plot scale in the Loweld of Eswatini in 2018.
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Table 3. Comparison of two sets of models: 1) All, the amount of bait removed during scavenging trials on sites

where > 10g of bait was removed and 2) Carnivore, > 10g of bait removed and a mesocarnivore was detected.

Comparisons were based on the number of parameters (K), differences in AICc (AAICc) scores and model weights

(W;). Models evaluated variation in vegetation within a site (grass biomass, shrub cover, canopy over), canopy cover

at the bait station (plot) and the composition and configuration of the surrounding landscape at a 2km scale. Scaled

beta estimates (f) of models better than the null model are presented and bolded if 95% CI did not include 0.

Dependent
Model K AAIC. Wi B (95%CI)
Variable
All configuration 4 0 0.260 -0.21 (-0.46-0.04)
plot.canopy 4 0.28 0.226 0.11 (-0.03- 0.25)
null 3 0.35 0.219
site.shrub 4 2.46 0.076
site.grass 4 2.49 0.075
site.canopy 4 2.57 0.072
composition 4 2.57 0.072
Carnivore plot.canopy 4 0 0.463 0.26 (0.03- 0.50)
configuration 4 1.15 0.260 -0.32 (-0.62--0.02)
null 3 2.74 0.118
site.shrub 4 4.85 0.041
composition 4 4.9 0.040
site.grass 4 4.92 0.040
site.canopy 4 4.96 0.039
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Figure 3. The predicted values (bold line), 95% Cls (shaded areas), and raw data (open circles) of the weight of bait
removed at the bait location by mesocarnivores as a function of the landscape configuration. Data was collected in

the Loweld of Eswatini in 2018.

There were two competing models (site.shrub and plot.canopy) to explain the amount of
time it took for mesocarnviores to locate bait piles; however, only the parameter estimate for
site.shrub model did not include 0 in its 95 % CI. Mesocarnivores took longer to locate the bait
on our plots (decreasing the time remaining until detection) when there was more woody
encroachment (as measured by shrub cover) on the patches surrounding our plots (Table 4). On
patches with negligible shrub cover, mesocarnivores detected bait in ca. 48 hours but it took

them ca. 65 hours to locate the bait when shrub cover was densest (Fig. 4).
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Table 4. Comparison of models investigating variation in the time to the first detection of a mesocarnivore at the

bait station. Comparisons were based on the number of parameters (K), differences in AICc (AAICc) scores and

model weights (;). Models evaluated variation of vegetation within a site (grass biomass, shrub cover, canopy

over), canopy cover at the bait station (plot) and the composition and configuration of the surrounding landscape at a

2km scale. Scaled beta estimates () of models better than the null model are presented and bolded if 95% CI did not

include 0. Positive §’s indicated a shorter time to detection.

Dependent
Model K AAICe Wi P (95%CI)
Variable
Carnivore site.shrub 4 0 0.560 -0.23 (-0.47--0.05)
plot.canopy 4 3.11 0.118 -0.13(-0.29- 0.02)
null 3 3.45 0.100
site.grass 4 3.58 0.094
site.canopy 4 4.38 0.063
configuration 4 5.66 0.033
composition 4 5.67 0.033
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Figure 4. The predicted values (bold line), 95% Cls (shaded areas), and raw data (open circles) of the time it took
mesocarnivores to detect bait as a function of shrub cover within a site. Time remaining after detection was
measured as the maximum number of minutes in a scavenging event (45000 min) minus the number of minutes until
a detection was recorded. A score of 0 indicated a mesocarnivore was not detected, and values near 45,000 indicated
that they were detected soon after the bait was placed in the environment. Data was collected in the Loweld of

Eswatini in 2018.

Discussion

Habitat characteristics at different ecological scales can act as filters that shape the
community of scavengers and the efficiency of their carrion removal (Pardo-Barquin et al.,
2019). In this study, we found that scavenging efficiency was dependent on environmental
factors measured at multiple scales within the savanna agro-ecosystem. This was particularly
true for scavenging mesocarnivores, which experienced changes in scavenging efficiency

depending on environment characteristics at the plot, site, and landscape scales. At the plot scale,
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more bait was removed by mesocarnivores when the scavenging location was characterized by
increased overstory canopy cover, indicative of large trees surrounding the bait. At the scale of a
patch of savanna (i.e. our sites), however, all mesocarnivore scavengers took longer to find the
bait, and were thus less efficient when the patch had increased woody encroachment. At the
landscape scale, increased fragmentation and edge decreased the amount of bait removed by
mesocarnivores.

Detection and efficiency of carrion removal is controlled by the complex interaction of
factors at the patch and local scales (DeVault, 2004; Arrondo et al., 2020). In this study,
mesocarnivore scavengers were less efficient at detecting carrion when the shrub cover increased
at the patch scale. This pattern of decreased carcass detection in areas with elevated woody
cover has also been shown for avian scavengers (Bamford et al., 2009; Arrondo et al., 2020), and
for mammalian scavengers in open pine forests of the southeastern United States (Turner et al.,
2017). For mammals, densely vegetated habitats can truncate visual and olfactory cues, which
can be an important component of carrion detection (DeVault et al., 2002; Turner et al., 2017).
Conversely, the decreased efficiency that we observed could have been due to an overall
decrease in mesocarnivore density in areas with more shrub cover; hence fewer animals
occupying the patch may have driven the longer detection times. In this scenario, the
mesocarnivore guild as a whole would have had reduced efficiency due to lower scavenger
density. However, this is unlikely to be the case in our system because the most common
mesocarnivores here, the large-spotted genet and slender mongoose, both appear to be more
active in areas with dense shrub cover (Ramesh and Downs, 2014).

While scavenging by all species was reduced in woody encroached savanna patches,

mesocarnivores were further influenced by habitat characteristics at both smaller and larger
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spatial scales. At the plot scale, mesocarnivores removed more bait when the bait station was
placed under canopy cover. Semi-arboreal genets were the most frequent visitor to bait stations
(75%) and likely drove this pattern. Genets are small mesocarnivores (< 2.5kg; Hennemann et
al., 1980) that are themselves prey for other, larger avian and mammalian predators. Microsite
characteristics like tree presence in a savanna patch may create foraging spaces that offer
preferred habitats that are perceived to be less risky for semi-arboreal species (Coleman et al.,
2014), particularly around resources that are shared by a diverse guild of mammals, including
potential predators and competitors. Carcasses can create temporary “landscapes of fear” that can
cause animals to practice vigilance around resources that attract predators (Frank et al., 2020).
Thus, large trees likely create refuge for these mesocarnivores that allow them to increase the
amount of time spent at a carcass and the amount of carrion removed. Indeed, scattered mature
trees in agro-ecological systems provide critical resources for many species and are considered
keystone structures in this context (Manning et al., 2006).

Landscape heterogeneity has been shown to have a strong influence on the distribution of
mammals in agricultural mosaics (McCleery et al., 2018; Shapiro et al., 2020), but the response
of scavengers to fragmentation and patch size is not uniform. In a cornfield-woodlot agro-
ecosystem of the central United States, patch connectivity did not influence carcass detection
(Olson et al., 2016). In an agricultural landscape in Japan, increased forest patch size decreased
the rate of removal of carcasses by mammals (Sugiura et al., 2013). In our study, increased
configuration (the result of increased edge and decreased patch size) was correlated with
decreases in mesocarnivore scavenging. This reduction in scavenging may be a result of the
increased edge around the bait plot. In this ecosystem, edges are typically footpaths or roads with

extensive human traffic. Humans commonly persecute and hunt mammalian scavengers, which
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potentially reducing their foraging time around the presence of people (Smith et al., 2017). Thus,
the presence of humans may magnify the effect of fragmentation (Berger-Tal et al., 2019),
potentially altering mesocarnivore’s contributions to carrion removal.

Our choice of bait likely influenced the outcome of our results. We used small-sized bait
to simulate small (< 1kg) carcasses on the landscape. Small-sized bait is utilized less by obligate
scavengers like vultures or larger predators like jackals and leopard (Panthera pardus), and
instead is utilized to a greater extent by facultative scavengers like suids and mesocarnivores
(Moleon et al., 2015; Olson et al., 2012; Olson et al., 2016). Indeed, neither vultures nor hyenas
visited our bait plots despite their presence in the area. Scavenging by facultative mammals is
dependent on multiple factors such as carrion size, climate, habitat succession, and scavenging
community composition, all of which interact to create an ecosystem function that can be
difficult to predict (DeVault et al., 2004; Eldridge et al., 2015). In the savanna agro-ecosystem,
habitat characteristics at multiple spatial scales appeared to operate as ecological filters on
facultative scavengers performing this ecosystem function.

Agro-ecological landscapes can both positively and negatively affect biodiversity and
ecosystem services. Too much landscape heterogeneity can reduce ecosystem function and
service provisioning if it is so extensive that it leads to fragmentation (van den Berg et al., 2001).
Alternatively, as we found in this study, some semi-natural rangeland and cropland matrices may
support biodiversity-based ecosystem services. The potential to maintain biodiversity services
within agriculture systems offers novel opportunities for the conservation of grasslands and
savannas (Martin et al., 2014; Sayre et al., 2017). Understanding the scale and response of

ecological processes and services within agro-ecosystem represents an opportunity to discover
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and implement landscape-based conservation strategies that integrate biodiversity and ecosystem

functions with important anthropogenic land uses.

Implications

Scavenging services are decreasing in human-dominated systems throughout the globe
(Millennium Ecosystem Assessment, 2005; Markandya et al., 2008; DeVault et al., 2011; Mateo-
Thomas et al., 2017). We demonstrate that with the appropriate conditions and habitat
management at local, patch and landscape scales, this service may be maintained within
agricultural landscape mosaics. Highlighting the need to maintain large savanna trees (Dean et
al., 1999), on our finest scale, we found open canopies were associated with decreased
scavenging efficiency. Alternately, increased woody encroachment of smaller shrubs at the
larger patch scale decreased time to detection of the bait. At the landscape scale, fragmentation
decreased the amount of bait removed. In many grass-dominated systems, scavenging services
are likely to suffer from woody encroachment (Holechek and Valdez, 2018; Stevens et al., 2017),
and expanding anthropogenic land covers that facilitate habitat fragmentation (Bink et al 2009.
Bailey et al 2016). Accordingly, to help maintain ecosystem service provision and biodiversity,
our results suggest the need for targeted woody encroachment control and planning and

restoration of landscapes with extreme levels of fragmentation.
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