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Abstract
Scavenging of carrion is an important ecological process that influences ecological communities and food webs. The competi-
tive inter- and intra-specific interactions in terrestrial vertebrate scavenger communities are likely to limit access to carrion 
for some scavengers, having direct impacts on their fitness by limiting energetic intake. Striped hyenas (Hyaena hyaena) are 
well-known facultative scavenger that co-exists with other carnivores (i.e., tigers, Panthera tigris; leopards, Panthera pardus; 
and golden jackals, Canis aureus) across the landscape. In this study, we assessed the competitive interactions among large 
carnivores having a large-sized body (i.e., striped hyenas, tigers, leopards) and a social group foraging mesocarnivore (i.e., 
golden jackal) through their carrion acquisition with special reference to striped hyenas’ carrion acquisition in the semi-
arid region of Rajasthan, India. We deployed camera traps at 14 carcass sites from 2020 to 2022 and considered three main 
aspects of scavenging behavior (presence, total feeding time, and mean feeding bout duration). We used generalized linear 
models (GLMs) to understand the competitive interactions among large carnivores and mesocarnivores through their car-
cass consumption and scavenging efficiency. Our analyses showed that the tigers are dominant scavengers that monopolize 
carrion resources and reduce consumption time, and hence nutrition gained, of striped hyenas and the other carnivorous 
scavengers. But leopards and striped hyenas did not show any major negative interactions at carcasses, while both jackals and 
striped hyenas negatively affected each other’s carrion acquisition at carcasses; as a result, striped hyena’s presence affected 
the carrion acquisition by jackals, and also jackals affected the mean feeding bout duration of striped hyenas. Our results 
highlight the importance of functional traits in intraguild interactions and the potential effects of competition on carrion 
acquisition. Specifically, large carnivores that have specific traits, i.e., large body size, negatively affected the subordinate 
carnivores at carcasses, while the mesocarnivores that have specific traits, i.e., social group foraging, negatively affect the 
carrion acquisition and energetics of solitary feeding striped hyenas.
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Introduction

Large carnivores may affect scavengers by influencing the 
distribution of carrion resources (Elbroch and Wittmer 
2012; Moleón et al. 2014; Perrig et al. 2017) and by limit-
ing access to carrion through competition (Moleón et al. 
2014; Allen et al. 2015). Carnivores that hunt live prey 
are also often efficient scavengers (Mateo-Tomás et al. 
2015; Moleón et al. 2015), and the competitive interac-
tions between scavengers may be as complex as prey-pred-
ator relationships (Selva and Fortuna 2007; Pereira et al. 
2014) since they affect food web dynamics (Barton et al. 
2013). Large carnivores often control carcasses that they 
have killed or found, and as a result, limiting the carrion 
acquisition by other obligate and facultative scavengers 
(Wilmers et al. 2003; Hunter et al. 2007; DeVault et al. 
2011; Cortés-Avizanda et al. 2012; Pereira et al. 2014; 
Allen et al. 2014). However, in some cases, dominant scav-
engers limit the consumption of carcasses of subordinate 
scavengers (Krofel et al. 2012; Allen et al. 2014, 2015; 
Inagaki et al. 2020). In addition to providing the carrion 
to scavengers from their kills, large carnivores often open 
large carcasses, allowing other species to access edible 
parts of the carcass that they would not be able to open on 
their own. (Selva et al. 2003).

The direct interactions between large carnivores and other 
species can lead to indirect consequences further down the 
food web via trophic cascades (Ripple et al. 2016). For 
example, increases in gray wolves (Canis lupus) in Minne-
sota resulted in decreases in coyotes (Canis latrans), which 
in turn allowed an increase in smaller red foxes (Vulpes 
vulpes; Levi and Wilmers 2012). Yet, large carnivores do 
not always suppress mesopredators (Lesmeister et al. 2015; 
Lyly et al. 2015). In Africa, lions (Panthera leo) and spot-
ted hyenas (Crocuta crocuta) coexist over food resources 
and also show competitive behavior (Amorós et al. 2020). 
Similarly, in India, leopards (Panthera pardus) and striped 
hyenas (Hyaena hyaena) have been reported feeding 
together on a carcass (Mandal et al. 2018). One important 
aspect of this may be the facilitation of carrion resources 
that large carnivores provide to other scavengers (Allen 
et al. 2014), but the responses of subordinate scavengers 
to larger carnivores may also be species-specific. Striped 
hyenas are solitary large-sized carnivore (Califf et al. 2020) 
that is widely distributed in arid and semi-arid landscapes 
from East Africa to South Asia (Akash et al. 2021; Singh 
et al. 2010), but are subordinate to tigers (Panthera tigris) 
and leopards, but larger than golden jackals in semi-arid 
landscapes in India (Menon 2014). Apex carnivores such as 
lions, tigers, and leopards frequently kill wild ungulates (i.e., 
sambar Rusa unicolor, chital Axis axis, wild boar Sus scrofa, 
nilgai Boselaphus tragocamelus) as well domestic livestock 

(cow, buffalo, sheep, goat) that are attractive to scavengers. 
Striped hyenas and golden jackals are facultative scavengers, 
but rarely kill the ungulates or domestic animals and instead 
opportunistically feed on the remains of animals predated by 
larger carnivores and domestic livestock carcasses discarded 
by humans (Singh et al. 2010).

Both tigers and leopards are ecologically, behaviorally, 
and morphologically similar. Tigers (with body weights of 
100–260 kg) are about double the size of leopards (30–90 kg) 
and much larger than striped hyenas (22–55 kg) and golden 
jackals (7–11 kg). Owing to their larger body size, tigers are 
typically dominant over leopards and other carnivores; and 
while tigers occasionally kill and eat leopards (Karanth and 
Sunquist 1995), no such incidents have been reported for 
striped hyenas. Tigers typically kill medium-sized prey spe-
cies (weighing between 50 and 200 kg) (Biswas and Sankar 
2002), and a tiger needs to kill between 50 and 60 large ani-
mals in a year to meet their energetic requirements (Miller 
et al. 2013). With this regular killing of wild ungulates and 
domestic livestock, tigers and leopards act as an important 
source of carrion for scavengers (Singh et al. 2014, 2015; 
Panda et al. 2022).

The interactions between tigers and leopards have been 
well studied (Karanth et al. 2017), as leopards sometimes 
opportunistically scavenge on tiger kills (Prater 1965), but 
interactions with other carnivores have not been as well stud-
ied. Being a large carnivore and apex predator, tigers require 
large amounts of food, consuming up to 10–34 kg of meat 
per day (Tamang 1982). However, leopards and hyenas are 
generalist species, and their diet niches overlap considerably, 
which may lead to greater competition for food (Heptner and 
Sludjkij 1982; Arivazhagan et al. 2007). It has been reported 
that striped hyenas chase leopards (Pocock 1941), and leop-
ards have also been documented killing striped hyenas in 
the Sariska Tiger Reserve (Mandal et al. 2018). Chourasia 
et al. (2010) reported a significant dietary overlap of 67% 
between striped hyenas and golden jackals in semi-arid 
habitats, suggesting the high competition due to the mutual 
dependence on ungulate carcasses. Moreover, golden jack-
als coexist with larger carnivores in some areas, which may 
affect their diet through competition, increased intraguild 
predation risk, or facilitation through jackals scavenging the 
carcasses of larger carnivore kills (Hayward et al. 2017). 
However, depending on food availability, golden jackals may 
be solitary or group hunters (Macdonald 1979), and in India, 
packs of 5 to 18 jackals have been observed scavenging on 
the carcasses of large ungulates (Jhala et al. 2004).

The potential competition for carrion acquisition among 
tigers, leopards, golden jackals, and striped hyenas is under-
studied in India. In this study, first, we evaluated how soli-
tary large carnivores (tigers and leopards) and a social meso-
carnivore (golden jackal) affect the acquisition of carrion by 
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striped hyenas. Second, we evaluated the effects of tigers on 
leopards and golden jackals and the effects of striped hye-
nas on leopards and golden jackals carrion acquisition. To 
address this question, we deployed camera traps at wild and 
domestic carcasses in and around Sawai Mansingh Wildlife 
Sanctuary (SMS WLS), Rajasthan, India. We focused on 
three aspects of carrion acquisition exhibited by carnivores 
(based on Allen et al. 2015): (1) presence (a proxy for a 
carnivore’s ability to access the carrions), (2) total feeding 
time (a proxy for the amount of energy gained by a car-
nivore from a given carcass), and (3) mean feeding bout 
duration (a proxy for the effects of predation risk perceived 
by carnivores, as carnivores exhibit shorter feeding events 
at carcasses with higher perceived risk; Charnov 1976). As 
a dominant apex carnivore, we expected tigers to limit all 
three aspects of carrion acquisition by the other carnivores. 
As a potentially dominant competitor, we expected leop-
ards to limit the total feeding time and mean feeding bout 
duration of by striped hyenas, but not exclude hyenas from 
carcasses. Although golden jackals are smaller mesocarni-
vores, we hypothesized that scavenging on the carcasses by 
large groups of golden jackals could also negatively affect 
the carrion acquisition of striped hyenas.

Material and methods

Study area

We conducted this study in and around the Sawai Mansingh 
Wildlife Sanctuary (SMS WLS), Rajasthan, India (Fig. 1). 
The SMS WLS is a part of the tiger conservation and man-
agement unit of the Ranthambhore Tiger Reserve (Singh 
et al. 2013). The total area of SMS WLS is 127.6  km2, while 
another adjacent forested area (Qualji area) is 7.58  km2 and 
another forested area is 132.96  km2 (Jhala et al. 2011). The 
entire Ranthambhore landscape forms a transition zone 
between the true desert and seasonally wet peninsular India 
(Singh et al. 2013). The region’s average annual rainfall is 
800 mm, of which 500 mm falls in the monsoon season. The 
temperatures can be ≤ 2 °C in January and ≥ 47 °C in May. 
The landscape is undulating and dominated by humans; there 
are 75 villages within a 5 km buffer of SMS WLS with more 
than 104,261 people inhabiting the area. The rolling land-
scape mosaic is interspersed with forest, scrublands, grass-
lands, riverine areas, and agricultural lands. The residents 
are mostly engaged in agriculture, livestock farming, cutting 
grass, grazing livestock, lopping trees, and mining (illegally) 
to supplement household incomes. All of the villages are 
primarily dependent on agriculture for their livelihood, 
and their economy is supplemented by animal husbandry. 
They have numerous cows, buffaloes, and goats, but very 
few herds of sheep or camels. The villagers tend to graze 

their animals in the fallow agricultural lands and the village 
commons during the lean periods of the year (viz., January 
to June). However, the villagers enter the peripheral forest 
area to graze their animals throughout the year. The area is 
dominated by northern tropical, dry deciduous, and thorny 
forests. The forests are mainly of edaphic climax and belong 
to subgroup 5B (northern tropical dry deciduous forests) 
and subgroup 6B (DS1 – zizyphus scrub) (Champion and 
Seth 1968). The degradation stages are DS1 – dry deciduous 
scrub and SS4 – dry grasslands (Champion and Seth 1968). 
The vegetation was representative of a typical dry decidu-
ous dhok forest (Anogeissus pendula). Apart from dhok, the 
species commonly found are kadaya (Sterculia urens), salai 
(Boswellia serrata), raunj (Acacia leucophloea), amaltas 
(Cassia fistula), Palash (Butea monosperma), tendu (Dio-
spyros melanoxylon), gurjan (Lannea coromandelica), and 
Jamun (Syzygium cumini). Away from the human-dominated 
landscape are carnivores including the striped hyena, tiger, 
leopard, sloth bear (Melursus ursinus), golden jackal, Bengal 
fox (Vulpes bengalensis), and wild ungulates including sam-
bar, chital, nilgai, chinkara (Gazella gazelle), and wild boar.

Monitoring of carcasses

In this study, we monitored a total of 14 carcasses (domes-
tic = 7, wild = 7; Supplementary Table S1) using camera 
traps with white flash (Cuddeback C1 type; WI, USA digital 
camera) between October and March of the winter season 
of 2020–2022. We generally determined the age and cause 
of mortality for domestic animals based on reports received 
from villagers and for wild ungulates based on reports from 
park authorities in < 24 h after death, and the coordinates 
of the carcasses were collected using a Garmin GPS (eTrac 
20). We categorized mortalities as natural (i.e., old age, dis-
ease), predation (killed by tigers or leopards), and accidental 
(i.e., vehicle collision). The body weight of each carcass 
was assessed based on its age category, ranging from 40 
to 180 kg (Supplementary Table S1). Domestic carcasses 
(n = 7) were monitored at carcass dumping sites as well as in 
forests close to the road, while the wild ungulates (n = 7) car-
casses were monitored inside the forest (open forest < 30% 
vegetation covers). We installed a single camera trap per 
carcass site to record the activity of scavengers at the car-
cass. We set the camera traps 50–60 cm above the ground 
and at a distance of approximately 3 m from the carcass. 
We set camera time according to coordinated universal time 
(UTC) as the time standard, and time and date stamps were 
imprinted on each image when the camera was triggered. 
We set the camera trap to record the maximum amount of 
activity with an FAP (fast as possible) mode, which implies 
minimum delays between two consecutive captures. The 
camera traps were active 24 h/day until the carcasses were 
completely consumed, that is, when only bones, tissues, and 
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ribs remained (mean = 18.1 days ± 3.4 SE, range 5–51). The 
livestock carcasses were monitored daily due to the proxim-
ity to the human settlements, while the wild ungulate car-
casses were monitored via camera trap images to check the 
decomposition stage of carcasses.

Data analysis

Tigers and striped hyenas are both considered to be competi-
tors with leopards (Karanth et al. 2017; Mandal et al. 2018), 
so we considered tigers and striped hyenas as independent 
variables to model the carrion used by leopards. Similarly, 
golden jackals are subordinate to tigers and striped hyenas 

and also potential competitors, so we considered tigers and 
striped hyenas as independent variables to model the carrion 
used by golden jackals (Figs. 2 and 3). Striped hyenas are 
also subordinate to tigers and leopards, and golden jack-
als are a potential competitor to striped hyenas (Figs. 2 and 
3; Chourasia et al. 2012), so we modeled the carrion use 
of striped hyenas against the tigers, leopards, and golden 
jackals. We considered three aspects of carrion acquisition: 
presence (proportion of days scavenging), mean feeding bout 
duration, and total feeding time. We calculated presence as 
the proportion of days at the carcass each carnivore was 
recorded, calculating the proportion of days by dividing the 
number of days an animal was captured at carcasses by the 
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Fig. 1  Location map of the study area and carcass location in Sawai Mansingh Wildlife Sanctuary, Rajasthan, India
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Fig. 2  (1A) Tiger feeding at cattle carcass; (1B) leopard feeding at cattle carcass; (1C) golden jackals at cattle carcass; (1D) interaction between 
striped hyena and leopard at cattle carcass; (1E) striped hyena at cattle carcass

Fig. 3  The potential effects of carnivores (tiger, leopard, golden jackal, and striped hyena) on each other carrion acquisition (total feeding time 
and mean feeding bout duration)
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total number of days available for scavenging. We calculated 
the duration of feeding bouts by subtracting the starting time 
of visits from the ending time of visits at carcasses, and 
we calculated mean feeding bout duration as the mean of 
all feeding bouts at carcasses. The two feeding bouts were 
considered independent if separated by at least a 5-min time 
gap. The total time at carcasses was calculated as the sum of 
all feeding bouts. Species spending a minimum of 1 min at 
carcasses were considered in our analysis. We also recorded 
some small mammals (mongoose, civets, honey badgers etc.) 
and bird species such as cattle egrets, crows, and rufous 
treepies, at some carcasses during the daytime, except for the 
red-headed vulture, which was only recorded at one carcass 
for a single day with a short period of < 30 min. So, we did 
not consider small mammals and birds in the analyses due 
to their unreliable detection with camera traps.

We fitted generalized linear models (GLMs) using the 
“MASS” package to analyze the competitive interaction 
among carnivores by testing the effects of tigers, leopards, 
and jackals on the striped hyenas, the effects of tigers and 
hyenas on leopards, and the effects of hyenas on leopards 
and jackals’ carrion acquisition. We assigned each of the 
three aspects of carrion acquisition as our dependent vari-
ables for striped hyenas, leopards, and jackals and chose the 
appropriate distribution based on error residuals. We also 
standardized predictor variables by centering and scaling 
them around a mean of 0 with a standard deviation of 1. We 
examined the multicollinearity among variables using IBM 
SPSS Statistics (ver. 21.0; SPSS Inc., Chicago, IL., USA), 
and we included variables with VIF (variance inflation fac-
tor) < 5 in the analyses (Shrestha 2020). VIF ranged from 
1.02 to 4.78 (Supplementary Table S2); therefore, all vari-
ables were retained in the analyses. We tested each model 
for overdispersion using the “AER” package (Kleiber and 
Zeileis 2008), which tests the null hypothesis of equi-disper-
sion in Poisson GLMs against the alternative of overdisper-
sion and under dispersion (a significant p-value indicates 
the model is either over or under dispersed; Cameron and 
Trivedi 1990). Because each dataset was determined to be 
over-dispersed, we found the Poisson distribution to be inap-
propriate and instead used a negative binomial distribution 
with a log link function for total feeding time, mean feeding 
bout, and presence. We fitted separate GLM models (n = 21 

total) for each aspect of carrion acquisition by striped hye-
nas, leopards, and jackals. The list of all possible models was 
created to examine the competitive interactions among large- 
and mesocarnivores at carcasses. As an additional measure 
of model fit, we also calculated adjusted deviance:

which represents the percent deviance explained by each 
model (Franklin 2010). In each analysis, we considered 
P ≤ 0.05 to be significant and P ≤ 0.10 to be marginally sig-
nificant. We performed all analyses in program R v.4.0.2 (R 
Development Core Team 2021).

Results

We recorded a total of 2332 photos of our target carni-
vores (tiger, leopard, striped hyena, and golden jackal) at 
the carcasses (Table 1). Striped hyenas were present in 12 
carcasses, followed by jackals (n = 8), tigers (n = 8), and 
leopards (n = 6), respectively (Supplementary Table S3). 
Striped hyenas had the highest mean total feeding time at the 
carcasses, followed by tigers, golden jackals, and leopards, 
respectively (Table 1). Tigers had the highest mean feeding 
bout duration, followed by golden jackals, striped hyenas, 
and leopards, respectively (Table 1).

Effects of tigers on carrion’s acquisition of other 
carnivores

We found that tigers had adverse effects on the carrion acqui-
sition of other species. Our results showed that the total feed-
ing time of leopards was negatively affected by the mean feed-
ing bout duration and total feeding time of tigers (Table 2). 
However, the leopard’s presence was negatively affected by 
the total feeding time of tigers (Table 2). In the absence of 
tigers, leopards increased their total feeding time by 327% 
and their mean feeding bout duration by 3.4 times (Table 3). 
The mean feeding bout duration of tigers also had a negative 
effect on the presence and total feeding time of golden jackals 
at carcasses but did not significantly limit the mean feeding 

adjD2 =
null deviance − residual deviance

null deviance
× 100

Table 1  Photo capture record 
of carnivores (tiger, leopard, 
striped hyena, and golden 
jackals) during carcasses 
acquisition (with their mean 
total feeding time (in minutes) 
and mean feeding bout duration 
(in minutes) in SMS WLS, 
Rajasthan, India

Species Percent photo-captures of each 
species (n = 2332)

Mean total feeding time in 
minutes (SE ±)

Mean feeding 
bout in minutes 
(SE ±)

Tiger 9.0 56.6 (± 19.5) 13.4 (± 4.4)
Leopard 17.0 41.4 (± 24.1) 5.2 (± 2.5)
Striped hyena 39.9 85.2 (± 39.5) 5.7 (± 1.5)
Golden Jackal 34.1 52.8 (± 24.2) 6.0 (± 2.2)
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bout duration of jackals (Table 4). However, the tiger’s pres-
ence significantly affected the presence, total feeding time, 
and mean feeding bout duration of golden jackals (Table 4). 
Golden jackals increased the total feeding time by 940% and 
their mean feeding bout duration by 1.5 times at tiger-free car-
casses (Table 3). Our results also showed that the presence of 
tigers and their total feeding time and mean feeding bout dura-
tion on carcasses significantly affected the carrion acquisition 

of striped hyenas (Fig. 3). The results of the GLM showed 
that the total feeding time of tigers considerably limited the 
presence, total feeding time of striped hyenas (Table 5). Also, 
the mean feeding bout duration and presence of tigers had a 
negative effect on the presence, total feeding time, and mean 
feeding bout duration of striped hyenas (Table 5). At carcasses 
where tigers were absent, the mean total feeding time for scav-
enging striped hyenas was 165.6 (95% CI =  − 43 to 374.8) 

Table 2  Effect of tigers and hyenas on three aspects of carrion acquisition by leopards (presence total feeding time mean feeding bout duration; 
see “Material and methods” section for more details)

Generalized linear model coefficient value with standard error (SE) of the variables
* P ≤ 0.05 statistically significant and P ≤ .10 to be marginally significant
HP, hyena presence; HTFT, hyena total feeding time; HMFB, hyena mean feeding bout; TP, tiger presence; TTFT, tiger total feeding time; 
TMFB, tiger mean feeding bout; LP, leopard presence; LTFT, leopard total feeding time; LMFB, leopard mean feeding bout

Response variable Model Percent deviance 
(adjD2)

Parameter Estimate SE P

Leopard LTFT TTFT + TMFB + TP 31.69% Intercept  − 1.58 2.85 0.57
TP 19.97 10.10 0.048
TTFT  − 2.41 1.35 0.074
TMFB  − 1.32 1.07 0.21

HP + HTFT + HMFB 3.68% Intercept 3.56 0.84 2.64e-05***
HP 0.74 1.15 0.51
HTFT  − 0.51 1.28 0.69
HMFB  − 0.89 1.12 0.43

LMFB TTFT + TMFB + TP 32.20% Intercept  − 1.61 2.34 0.49
TP 12.18 8.18 0.13
TTFT  − 1.64 1.11 0.13
TMFB  − 0.71 0.87 0.40

HP + HTFT + HMFB 5.10% Intercept 1.50 0.65 0.021*
HP 0.79 0.88 0.36
HTFT  − 0.47 1.00 0.63
HMFB  − 0.61 0.88 0.48

LP TTFT + TMFB + TP 27.30% Intercept  − 0.72 2.32 0.75
TP 13.14 8.29 0.11
TTFT  − 1.80 1.09 0.10
TMFB  − 0.95 0.88 0.28

HP + HTFT + HMFB 4.92% Intercept 2.51 0.74 0.0007***
HP 0.33 1.01 0.73
HTFT  − 0.72 1.12 0.51
HMFB 0.81 0.98 0.40

Table 3  Carcass acquisition presented as means (95% CI) for our three carrion acquisitions (presence, mean total feeding time, and mean feed-
ing bout duration) of leopards, striped hyenas, and jackals in the presence and absence of tigers in SMS WLS, Rajasthan

Presence (%) Mean total feeding time in minutes Mean feeding bout duration in 
minutes

Present Absent Present Absent Present Absent

Leopard 2.5 (− 2.5 to 7.6) 30.3 (− 14.2 to 74.9) 17.2 (− 23.2 to 57.7) 73.6 (− 58.4 to 205.8) 2.5 (− 3.1 to 8.3) 8.7 (− 4.1 to 21.6)
Striped hyena 12.8 (3.6 to 22.1) 59.3 (24.6 to 94.3) 24.8 (− 18.2 to 68) 165.6 (− 43.5 to 374.8) 3.3 (− 0.8 to 7.5) 8.8 (3.1 to 14.6)
Jackal 4.4 (0.1 to 8.8) 37.1 (2.3 to 71.9) 10.5 (− 3.2 to 24.2) 109.3 (− 16.4 to 235.1) 4.9 (− 1.7 to 11.7) 7.5 (− 2.4 to 17.5)
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min, 566% longer than where tigers were present. Also, the 
mean feeding bout duration of striped hyenas was 8.88 min 
(95% CI = 3.1 to 14.6) (Table 3 and Supplementary Table S4), 
an increase of 2.64 times over where tigers were absent.

Effects of leopards on carrion acquisition of striped 
hyenas

Our analyses showed that leopards had mixed effects on the 
carrion acquisition of striped hyenas. At carcasses where leop-
ards were present, the mean total feeding time for scaveng-
ing striped hyenas was 158 min (95% CI =  − 57 to 373.4), 
416% longer than where leopards were absent (Supplementary 
Table S4, Fig. 3). Also, their mean feeding bout duration was 
7.3 min (95% CI = 1.6 to 13.1), 1.6 times longer where leop-
ards were present (Supplementary Table S4). But leopards 
did not have any significant negative effects on the presence, 
total feeding time, and mean feeding bout duration of striped 

hyenas (Table 5). This suggests that the presence of leopards 
did not have any major effects on the carrion acquisition of 
striped hyenas (Fig. 3), although leopards feeding for long 
periods did limit the carrion acquisition of striped hyenas.

Effects of golden jackals on carrion acquisition 
of striped hyenas

Our analyses showed that jackals had mixed effects on the 
carrion acquisition of striped hyenas. The total feeding 
time of jackals had a positive effect on the total feeding 
time and presence of striped hyenas (Table 5). But, the 
total feeding time of jackals did not significantly limit the 
mean feeding bout of striped hyenas (Table 5). Also, the 
presence of jackals did not significantly limit the pres-
ence, total feeding time, and mean feeding bout duration of 
striped hyenas (Table 5). However, the mean feeding dura-
tion of jackals had a negative effect on the presence, total 

Table 4  Effect of tigers and hyenas on three aspects of carrion acquisition by jackals (presence total feeding time mean feeding bout duration; 
see “Material and methods” section for more details)

Generalized linear model coefficient value with standard error (SE) of the variables
* P ≤ 0.05 statistically significant and P ≤ .10 to be marginally significant
HP, hyena presence; HTFT, hyena total feeding time; HMFB, hyena mean feeding bout; TP, tiger presence; TTFT, tiger total feeding time; 
TMFB, tiger mean feeding bout; JP, jackal presence; JTFT, jackal total feeding time; JMFB, jackal mean feeding bout

Response variable Model Percent deviance 
(adjD2)

Parameter Estimate SE P

Jackal JTFT TTFT + TMFB + TP 36.74% Intercept 2.71 0.78 0.0005***
TP  − 4.14 2.27 0.06*
TTFT 0.27 0.39 0.48
TMFB  − 1.08 0.50 0.03*

HTFT + HMFB + HP 17.38% Intercept 3.44 0.58 4.69e-09***
HP  − 0.58 0.80 0.29
HTFT  − 1.67 0.89 0.05*
HMFB  − 0.07 0.78 0.91

JMFB TTFT + TMFB + TP 31.43% Intercept 1.18 0.51 0.02*
TP  − 2.84 1.44 0.04*
TTFT  − 0.10 0.27 0.71
TMFB  − 0.34 0.35 0.32

HTFT + HMFB + HP 28.28% Intercept 1.29 0.49 0.008**
HP  − 2.05 0.97 0.03*
HTFT  − 1.43 0.83 0.08*
HMFB 0.47 0.58 0.41

JP TTFT + TMFB + TP 33.88% Intercept 2.03 0.65 0.001**
TP  − 3.29 1.89 0.08*
TTFT 0.36 0.32 0.26
TMFB  − 0.75 0.41 0.06*

HTFT + HMFB + HP 14.11% Intercept 2.60 0.51 4.47e-07***
HP  − 0.58 0.71 0.41
HTFT 1.02 0.77 0.18
HMFB 0.12 0.68 0.85
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feeding time, and mean feeding bout duration of striped 
hyenas (Table 5). At carcasses where jackals were present, 
the mean total feeding time for scavenging striped hyenas 
was 108.1 (95% CI =  − 51.9 to 228.2) min, 98% longer 

than when jackals were absent. Also, the mean feeding 
bout duration was 4.5 min (95% CI = 0.03 to 9.8) (Sup-
plementary Table S4), 1.3 times shorter than jackal-free 
carcass (Fig. 3).

Table 5  Effect of tigers, jackals, and leopards on three aspects of carrion acquisition by striped hyenas (presence total feeding time mean feeding 
bout duration; see “Material and methods” section for more details)

Generalized linear model coefficient value with standard error (SE) of the variables
* P ≤ 0.05 statistically significant and P ≤ .10 to be marginally significant
HP, hyena presence; HTFT, hyena total feeding time; HMFB, hyena mean feeding bout; TP, tiger presence; TTFT, tiger total feeding time; 
TMFB, tiger mean feeding bout; LP, leopard presence; LTFT, leopard total feeding time; LMFB, leopard mean feeding bout; JP, jackal presence; 
JTFT, jackal total feeding time; JMFB, jackal mean feeding bout

Response variable Model Percent deviance 
(adjD2)

Parameter Estimate SE P

Hyena HTFT TTFT + TMFB + TP 42.81% Intercept 3.67 0.37  < 2e-16***
TP  − 1.58 0.70 0.025*
TTFT  − 0.49 0.22 0.023*
TMFB  − 1.19 0.33 0.0003***

LTFT + LMFB + LP 12.46% Intercept 4.22 0.42  < 2e-16***
LP 2.83 2.22 0.20
LTFT 2.02 1.38 0.14
LMFB  − 0.44 1.98 0.82

JTFT + JMFB + JP 33.72% Intercept 3.85 0.36  < 2e-16***
JP  − 0.38 0.55 0.49
JTFT 1.68 0.55 0.002**
JMFB  − 0.76 0.42 0.07*

HMFB TTFT + TMFB + TP 28.68% Intercept 1.51 0.28 6.26e-08***
TP  − 0.94 0.51 0.06
TTFT  − 0.23 0.16 0.15
TMFB  − 0.43 0.24 0.07

LTFT + LMFB + LP 24.90% Intercept 1.55 0.27 8.51e-09***
LP 2.56 1.48 0.08
LTFT 1.72 1.07 0.10
LMFB  − 0.025 1.27 0.98

JTFT + JMFB + JP 4.03% Intercept 1.71 0.29 6.88e-09***
JP 0.14 0.44 0.74
JTFT 0.16 0.43 0.71
JMFB  − 0.50 0.23 0.03*

HP TTFT + TMFB + TP 43.78% Intercept 3.14 0.23  < 2e-16***
TP  − 0.81 0.42 0.05*
TTFT  − 0.38 0.13 0.003**
TMFB  − 0.56 0.19 0.003**

LTFT + LMFB + LP 16.18% Intercept 3.36 0.27  < 2e-16***
LP  − 0.10 1.47 0.94
LTFT 1.32 0.91 0.15
LMFB  − 0.94 1.31 0.47

JTFT + JMFB + JP 21.07% Intercept 3.31 0.27  < 2e-16***
JP 0.17 0.40 0.67
JTFT 0.65 0.40 0.10
JMFB  − 0.60 0.31 0.05*
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Effects of striped hyenas on carrion acquisition 
of leopards and golden jackals

Our analysis showed that striped hyenas also affected the car-
rion acquisition of leopards and golden jackals. The carrion 
acquisition of striped hyenas did not significantly limit the 
carrion acquisition of leopards (Table 2). In the presence of 
hyenas, leopards decreased their total feeding time by 43.3%. 
Our results also showed that striped hyenas affected the car-
rion acquisition of golden jackals. The presence of striped 
hyenas also had a negative effect and considerably limited the 
presence, total feeding time, and mean feeding bout duration 
of jackals (Table 4). In the presence of hyenas, the total feed-
ing time of jackals decreased by 29.6% and the mean feeding 
bout duration decreased by 1.07 times.

Discussion

Our study shows that species with specific functional traits, 
including large body mass (Monterroso et al. 2020) and 
group living social animals (Sebastián-González et al. 2021), 
can limit the acquisition of carrion by subordinate solitary 
scavengers. Many competitive interactions among carni-
vore species are dictated by the dominance of species with 
larger body sizes (Chaudhary et al. 2020; Vissia and van 
Langevelde 2022; Allen et al. 2016), and our results high-
lighted that tigers are dominant over other carnivore species 
(leopards, striped hyenas, and jackals) for shared carrion 
resources in our study system. This dominance was high-
lighted by tigers reducing the consumption time, and hence, 
nutrition gained, of all of the other carnivorous scavengers 
we studied. But tigers were not alone in this characteristic, 
as we found that leopards and jackals also limited different 
aspects of carrion acquisition by striped hyenas, and striped 
hyenas limited the carrion acquisition by leopards and jack-
als. This study is the first to our knowledge to assess the 
potential interactions among carnivores on the carrion acqui-
sition at carcasses in a semi-arid landscape of India.

As we expected, our results showed that tigers negatively 
affected the presence, total feeding time, and mean feed-
ing bout duration of striped hyenas at carcasses, similar 
to how other apex carnivores limit the total feeding time, 
mean feeding bouts, and presence of subordinate scaven-
gers (Allen et al. 2015). Previous studies have stated that 
large carnivores do not necessarily have to eat to full gas-
tric capacity per day or do not need to eat every day, which 
in turn reduces kill frequencies or drives other ecological 
processes such as scavenging, kleptoparasitism, and partial 
carcass consumption (De Cuyper et al. 2019). We observed 
that tigers exhibit longer feeding bout durations but that 
their frequency of presence at carcasses was less than the 
other scavengers. There was a pattern of most of the striped 

hyena’s feeding occurring when tigers were absent, but the 
spatio-temporal interactions between tigers and striped hye-
nas at carcasses or in general are not well known. Previous 
studies reported that gray wolves and striped hyenas share 
a common niche (Mukherjee et al. 2021), and Nayak et al. 
(2015) reported that wolves and striped hyenas in Ranth-
ambore Tiger Reserve shared a carcass without showing 
any kind of aggression. The interactions of striped hyenas 
with tigers may affect their feeding habits and population 
dynamics since fitness and reproductive ability can be influ-
enced by energy intake from carrion (Watson et al. 1992). 
Similarly, we found tiger’s mean feeding bout duration also 
affected the jackal’s presence at carcasses. Thus, our results 
support our prediction that top predators like tigers would 
affect the carrion acquisition of striped hyenas and jack-
als, with the large body size of tigers likely playing a major 
role in the suppression of subordinate hyenas and jackals. 
Although jackals are social and facultative scavengers that 
are known to exploit large carnivore kills (Hayward et al. 
2017), jackals may limit their scavenging time due to their 
smaller body size compared to tigers. At carrion, the main 
effects are likely because of their ability to consume large 
quantities of food and dominant interactions with competi-
tors due to their larger body size (Allen et al. 2016; Inagaki 
et al. 2020; Prugh and Sivy 2020).

Tigers and leopards are both considered to be large carni-
vores (Löe and Röskaft 2004) with a great overlap in their die-
tary niche across their distribution (Wang and Macdonald 2009; 
Harihar et al. 2011; Mondal et al. 2011; Ramesh et al. 2012). 
Large carnivores both provide and distribute carrion among 
scavengers while also limiting their access through competition 
(DeVault et al. 2011; Cortez-Avizanda et al. 2012; Moleón et al. 
2014; Pereira et al. 2014; Allen et al. 2014). Our results high-
light that tigers affected the carrion acquisition of leopards by 
limiting the total feeding time and mean feeding bout duration 
at carcasses, similar to how the presence of larger bears (Ursus 
sp.) reduces the acquisition of carrion of solitary felids (Krofel 
et al. 2012; Allen et al. 2015). Despite, or possibly because of, 
their dietary niche overlap, tigers and leopards show spatial 
and temporal segregation to reduce the interspecific encounters 
which could lead to intraguild predatory killing (Mondal et al. 
2012; Karanth et al. 2017; Vissia and van Langevelde 2022; 
Rayan and Linkie 2016). A previous report stated that the rein-
troduction of tigers in Sariska Tiger Reserve affected the leop-
ard population and activity pattern (Mondal et al. 2012), and 
our results suggest that tigers and leopards also likely exhibit 
avoidance behavior of each other at carcasses.

Leopards and striped hyenas coexist with tigers across 
most of the latter’s distribution in the Indian subcontinent 
(Mandal et al. 2018). Our results suggested that the pres-
ence and total feeding time of leopards had a positive effect 
on the carrion acquisition of striped hyenas. And striped 
hyenas total feeding time negatively affected the total 
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feeding time of leopards. However, leopards are known 
for both hunting and scavenging behavior (i.e., seen access-
ing tiger kills; Prater 1948), and acting as a direct com-
petitor of hyenas (Heptner and Sludskii 1992). Sometimes, 
carnivores pose a threat to subordinate scavengers and 
carnivores at their kills via direct predation (Allen et al. 
2015; Mandal et al. 2018), but carnivores can also coex-
ist over food resources while showing competitive behav-
ior (Amorós et al. 2020). In one instance, we observed 
a 15-min-long interaction between a striped hyena and a 
leopard on a cattle carcass, with neither species showing 
obvious signs of aggression. Because carrion is an ephem-
eral food resource that can only be exploited for a finite 
time, sharing the resource might not be negative for a spe-
cies, especially when the carcass is large relative to the 
scavenger’s body size (Sebastián-González et al. 2021). 
As our results suggested, leopards and hyenas did not show 
any major negative effects on each other’s carrion acquisi-
tion, so the coexistence between leopards and striped hye-
nas at carcasses may be explained through the cascading 
effects of tigers. Specifically, leopards and striped hyenas 
are subordinate to tigers, and to avoid the risk of predation, 
both species were mainly feeding on tiger-free carcasses, 
which may result in interactions between leopards and 
hyenas. This suggests that, despite leopards having larger 
body sizes than striped hyenas, striped hyenas and leopards 
can coexist and share resources.

In human-dominated ecosystems that are devoid 
of major mammalian predators, mesocarnivores can 
potentially monopolize carcasses (DeVault et al. 2011; 
Sebastián-González et al. 2021), but especially social 
foragers that can outnumber other scavengers. We found 
that jackals’ mean feeding bout duration also affected 
striped hyenas’ mean feeding bout duration at carcasses. 
We observed that jackals were consuming carcasses 
in groups of 2–6 individuals, similar to the sighting 
recorded by Jhala et al. (2004). Social species tend to 
search for and guard food collaboratively and use their 
conspecifics as signs that food is nearby (Dermody et al. 
2011), which helps to defend themselves from potential 
predators (Krause et al. 2002; Allen and Krofel 2017). 
Furthermore, group foraging often strengthens the domi-
nance hierarchy, allowing social foragers to outcompete 
other scavenger species (Kendall 2013), as similar stud-
ies found that gray wolves were dominant over pumas 
due to their social structure (Ruth and Murphy 2010; 
Elbroch and Kusler 2018). This suggests that social 
foragers like jackals can dominate over solitary striped 
hyenas at carcasses which may affect the carcass acquisi-
tion of striped hyenas. As mesocarnivores are also highly 
adapted species with species-specific adaptations that 
include strategy, aggressiveness, and weapons that may 
influence the outcome of encounter competition contests 

(Martin and Ghalambor 2014; Allen et al. 2016). Fur-
thermore, we also found that the jackal’s carrion acquisi-
tion was also affected by the presence of striped hyenas. 
At carcasses, interactions between jackals and hyenas 
frequently occurred, which resulted in competitive inter-
actions with their feeding bouts frequently overlapping. 
As striped hyenas are slightly larger than jackals and 
both are generalist species, their diet overlaps greatly 
(Chourasia et al. 2012). This leads to suppression that 
can occur both ways, with jackals’ groups limiting the 
feeding bout of solitary hyenas and larger hyenas, some-
times limiting the presence of jackals.

Our results highlight the importance of functional traits 
in intraguild interactions at wild and domestic carcasses and 
the potential effects of this competition on carrion acquisi-
tion in human-dominated landscapes. Future studies should 
be done at a larger scale to test the relationships and interac-
tions between functional traits and the carrion use of large 
carnivores and mesocarnivores. Large carnivores provide 
carrion through their kills, attracting scavengers and smaller 
carnivores (Moleón et al. 2014), but also clearly have com-
petitive interactions with these scavengers. In the semi-arid 
region of India, the striped hyena is a major scavenger that 
provides important ecosystem services by removing carrion 
from the ecosystem (Panda et al. 2022). Previous studies in 
this area reported the loss of tigers in Ranthambore Tiger 
Reserve (RTR) due to the poisoning of carcasses by locals, 
which could affect the other scavengers’ assemblages. We 
suggest the proper protection and management of wild and 
domestic carcasses by forest officials, which affect the spe-
cies assemblage and functions through complex interaction 
at carcasses (Sebastián-González et al. 2016) and play a 
major role in the energy transfer between tropic levels (Bar-
ton et al. 2013; Barton 2015).
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