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Sex Differences Dictate the Movement Patterns of Striped Hyenas, Hyaena hyaena, in a Human-Dominated Landscape
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Large-carnivore populations have experienced significant declines in the past centuries in extended parts of the world. Habitat loss, fragmentation, and depletion of natural resources are some of the main causes of this decline. Consequently, behavioral flexibility, enabling the exploitation of anthropogenic food resources in highly disturbed human-dominated landscapes, is becoming critical for the survival of large carnivores. These behavioral changes increase the potential for human-large carnivore conflict and can further intensify carnivore persecution. Here, we examine how land cover types (representing a gradient of anthropogenic disturbance) alter the behavior of striped hyenas (Hyaena hyaena) in a human-dominated landscape in Israel, and whether differences in life history between males and females affect their reaction to such disturbances and consequently their level of exposure to humans. We used a Hidden Markov Model on GPS-tracking data for seven striped hyenas to segment individual-night trajectories into behavioral states (resting, searching, and traveling). We then used multinomial logistic regression to model hyenas’ behavioral state as a function of the interaction between land cover and sex. Females traveled less than males both in terms of average distance traveled per hour, per night, and nightly net displacement. Most steps were classified as “searching” for females and as “traveling” for males. Female hyenas spent a higher proportion of time in human-dominated areas and a lower proportion in natural areas compared to males, and they were also more likely to be found close to settlements than males. Females changed their time allocation between natural and human-dominated areas, spending more time resting than traveling in natural areas but not in human-dominated ones; males spent more time searching than resting in human-dominated areas but were equally likely to rest or search in natural ones. The differences in life history between male and female hyenas may reflect different motivations for space use as a means to optimize fitness, which affects their exposure to humans and therefore their potential involvement in human-hyenas conflict. Understanding the mechanisms that lead to behavioral change in response to human disturbance is important for adaptive management and promoting human large-carnivores co-existence in general.
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INTRODUCTION

Large-carnivore populations have experienced significant declines in the past two centuries in extended parts of the world (Ripple et al., 2014). Habitat loss, fragmentation, and depletion of natural resources are some of the main causes of these declines (Di Minin et al., 2016). The fact that carnivores usually occupy large ranges is forcing many of them to inhabit multi-use landscapes outside protected areas. Therefore, the ability to use human-dominated landscapes is becoming critical for the survival of large carnivores in the Anthropocene (Carter and Linnell, 2016; Gantchoff et al., 2020).

According to the movement ecology framework, animal movement is shaped both by factors relating to the individual – i.e., internal state (why to move), motion capacity (how to move), and navigation capacity (where to move), and by external biotic and abiotic factors that interact with the individual (Nathan et al., 2008). The physiological and psychological drivers of movement (internal state) comprise a balance between the motivation to find resources like food, shelter, or mates on the one hand, and the need to avoid predation or competition on the other (Doherty and Driscoll, 2018). Habitat modifications by humans cause changes to resource availability, which may alter the trade-off between acquiring resources and avoiding conflict, which in turn, can be reflected in an animal’s movement behavior (Allen and Singh, 2016; Doherty and Driscoll, 2018). Examples include reduced search and commute time, allowing animals to travel less to find food (Fleming and Bateman, 2018; Tucker et al., 2018) and acquire energy faster (Beckmann and Berger, 2003), or increased foraging within residential development areas when natural food is scant (Johnson et al., 2020).

In addition to habitat loss and resource depletion, human persecution is often a primary cause of large-carnivore mortality (Bunnefeld et al., 2006; Ripple et al., 2014). Large-carnivore persecution may be the result of damage to humans, livestock, or property, or just due to the belief that carnivores can cause such damage (Støen et al., 2015; Bleyhl et al., 2021) even if it doesn’t match any actual degree of risk (Dickman, 2010; Ordiz et al., 2019). A carnivore’s attraction to predictable anthropogenic food resources, such as anthropogenic waste, domestic animals, roadkill, and deliberate feeding in human-dominated landscapes (Bateman and Fleming, 2012; Dubois and Fraser, 2013; Fleming and Bateman, 2018) may result in a loss of fear, increased tolerance to human presence, and even aggressive behaviors (Orams, 2002; Beckmann and Berger, 2003; Dubois and Fraser, 2013; Elfström et al., 2014). All of these behavioral changes may increase the perceived conflict between carnivores and humans and can further intensify the persecution of carnivores (Støen et al., 2015; Bleyhl et al., 2021).

In many species, motivation for space use may differ between the sexes, since a male’s reproductive success is generally limited by access to female mates, whereas females optimize their fitness by improving their access to food (Clutton-Brock and Harvey, 1978; Klug, 2011). The resulting differences in male and female behavior are likely to affect the trade-off between foraging and the risks associated with human-dominated landscapes (Bunnefeld et al., 2006). Consequently, while in some large carnivores, like felids, males are more likely to be involved in human-wildlife conflict (Loveridge et al., 2010), the high energetic demands of females during gestation and while lactating may attract them to human-dominated areas where food availability is higher (Bunnefeld et al., 2006; Wilmers et al., 2013). Such differences in male and female behavior can also lead to seasonal variation in conflict according to sex (Teichman et al., 2013).

Some species, populations, or specific individuals may develop behaviorally flexible strategies to avoid spatial or temporal overlap with humans, and still efficiently use anthropogenic resources at the same time, by altering their movement behavior or habitat use (Bunnefeld et al., 2006; Schuette et al., 2013; Wilmers et al., 2013; Ordiz et al., 2017; Doherty et al., 2021). These may include increased speed (Habib et al., 2021), temporal partitioning such as reduced daytime activity (Tigas et al., 2002), shift to nocturnality (Wang et al., 2015; Wheat and Wilmers, 2016; Gaynor et al., 2018), avoidance of periods when humans are most active (Valeix et al., 2012; Oriol-Cotterill et al., 2015a,b), increased vigilance when close to humans (Pangle and Holekamp, 2010), and use of protective cover when near humans (Boydston et al., 2003; Suraci et al., 2019). Behavioral flexibility of large carnivores in close association with humans may moderate the impact of anthropogenic changes to the environment (Wong and Candolin, 2015) and serve as the key to human-carnivore coexistence. This knowledge may also be used by the public and by conservation practitioners to mitigate conflict, as well as for better management practices (Ordiz et al., 2019). Thus, understanding how carnivores move in and use anthropogenic landscapes can provide crucial information for the management of human-carnivore interactions.

The striped hyena (Hyaena hyaena) is a large carnivore whose global conservation status is Near Threatened with a decreasing global population trend (Abi-Said and Dloniak, 2015). In the Mediterranean region, its IUCN conservation status is Vulnerable due to human-caused mortality (Jdeidi et al., 2010). While the striped hyena has the widest distribution of the four species in the family Hyaenidae, it is the least studied among them (Watts and Holekamp, 2007). As opportunistic omnivores, striped hyenas often exploit anthropogenic food sources and are regarded as a commensal species to humans (Yom-Tov, 2003). Their diet consists of mostly carrion, from both natural and anthropogenic sources (e.g., cattle, hens, turkeys, cats, and dogs), but also live vertebrate and invertebrates, garbage, and plant material (grass, fruit, pods, leaves, seeds, and grains) (Hofer, 1998; Yom-Tov, 2003; Alam and Khan, 2015; Bhandari et al., 2020; Pérez-Claros and Coca-Ortega, 2020). A flexible diet, along with the ability to live in diverse habitats and adjust to habitat modifications, makes the species highly suitable for the anthropogenic environment. Indeed, as with other large carnivores (e.g., spotted hyenas Crocuta crocuta, black bears Ursus americanus, pumas Puma concolor, and gray wolves Canis lupus; Bateman and Fleming, 2012; bobcat Lynx rufus and coyote Canis latrans; Šálek et al., 2015), striped hyenas are often observed near or within human settlements, including urban areas, in search of food (Yom-Tov, 2003; Abi-Said and Abi-Said, 2007; Monchot and Mashkour, 2010; Singh et al., 2010; Akay et al., 2011; Alam et al., 2014; Bhandari et al., 2021). Striped hyenas are also heavily persecuted throughout their geographic range, due to superstitious fears, prejudice, the attribute of magical properties, lack of knowledge, and misinterpretation of their behavior (Boneh, 1987; Frembgen, 1998; Hofer, 1998; Qarqaz et al., 2004; Tourani et al., 2012). In some countries, deliberate or unintentional persecution is one of the dominant reasons for striped hyena population decline (Hofer, 1998; Tourani et al., 2012). This evokes a constant trade-off between striped hyenas’ need to avoid humans, and their motivation to use easily accessible anthropogenic food resources (Schoener, 1971).

In most large carnivores, including hyaenid species, males disperse more often and to longer distances compared to females (Greenwood, 1980; Trochet et al., 2016; Bartoń et al., 2019; Holekamp and Sawdy, 2019; but see Wagner et al., 2008). This sex-biased dispersal often results in female kin occurring in closer proximity to one another than to their male counterparts (Greenwood, 1980; Smale et al., 1997). Females striped hyenas appear to be the main ones responsible for the care of the young (Kruuk, 1976; Bouskila, 1984; Nissim, 1986; Mendelssohn and Yom-Tov, 1999; Watts and Holekamp, 2007). Adult males have been spotted nearby dens (Nissim, 1986; Reichmann, 2005; Califf et al., 2020; Personal observation), sometimes interacting with the cubs, but their involvement is believed to be mainly derived from territorial defense (Davidar, 1990; Wagner, 2006; Watts and Holekamp, 2007; Wagner et al., 2008), though food provisioning by the father has also been recorded (Califf et al., 2020).

In Israel, striped hyenas can be found across the country (Israel Nature and Parks Authority, 2020), and their interactions with humans are becoming more frequent. The country’s small area, closed borders, and high human population growth rate lead to an increase in natural habitat destruction and modification in favor of development (Lotan et al., 2019). The area that holds the greatest potential for conflict between striped hyenas and humans in Israel today is located within the central district of the country. This is because the area is characterized by a low number of nature reserves, national parks, and agriculture on one hand, and high population density, built-up areas, and fragmentation of natural landscapes on the other.

Here, we used tracking data of four female and three male striped hyenas from the central district of Israel to examine how (1) land cover types (representing a gradient of anthropogenic disturbance) alter the behavior of striped hyenas and (2) whether differences in life-history between male and female hyenas affect the way they react to human disturbances and consequently their level of exposure to humans.



MATERIALS AND METHODS


Study Area

The study was carried out in the center of Israel (31°53′55.5[image: image]N 35°00′39.3[image: image]E), between the Shfela lowlands (which border to the west with the dense and developed coastal strip of Israel), the Judaean mountains (northwest to Jerusalem) and Judea and Samaria to the east (Figure 1). The natural vegetation consists primarily of Mediterranean forests, woodlands, and scrub. Other carnivores that can be found in the area include the golden jackal (Canis aureus), the red fox (Vulpes vulpes), as well as feral dogs (Canis lupus familiaris). Both jackals and feral dogs were spotted chasing hyenas away, but only dogs were seen involved in fatal attacks on hyenas. The landscape is highly fragmented and composed of a complex mosaic of cities, industrial areas, roads and railways, rural settlements, natural areas, managed planted forests, and agricultural areas (including open areas such as fields and orchards, and closed areas such as greenhouses and livestock sheds). In addition, the security fence between Israel and the Palestinian Authority, which was built over what was once open and continuous landscapes, bisects the eastern part of our study area and generates an impassable barrier for terrestrial wildlife east-west movements. The fence also has an impact on wildlife north-south movements inside Israel as it limits the open landscape available, which in turn, creates bottlenecks for wildlife crossings (Rotem, 2014). The human population density in the area ranges from 904 to 3189 habitants/km2 (data refer to 2019, the current density is expected to be higher; Central Bureau of Statistics, 2020). Even though the study area resides mainly within the boundaries of Israel’s national ecological corridor (including core areas), the corridor status is non-binding, nor are there any binding guidelines for the management of these areas. As an outcome, many of the natural areas within our study area are subjected to intense anthropogenic development and consequently to severe habitats degradation (Gabai and Zanzuri, 2019).
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FIGURE 1. Study area in the central district of Israel. GPS locations for each of the seven striped hyenas are marked in distinct colors. 6163A, 6163B, 6164F, and 6170 are females, while 6167, 6168, and 6169 represent males’ ID.




Animal Capture

From January 2018 to April 2019, we captured seven free-ranging striped hyenas (Figure 2), four females (two subadults and two adults), and three males (one subadult and two adults). We placed all traps within a 15 km radius of the city of Modiin. We used Victor #3 softcatch leg-hold traps (Woodstream Co., Lititz, PA, United States), which were monitored by a 128X wireless trail camera (ATC Technologies, Haifa, Israel). The capturing and handling of the hyenas were done by experienced personnel from the Israel nature and parks authorities (INPA). Captured hyenas were anesthetized using an intramuscular injection of Domitor-Ketamine Hydrochloride-Midazolam mix at a dose of 0.046, 2, and 5 mg/kg, respectively, body weight. Hyenas were then fitted with a Tellus 2 small GPS Iridium collar equipped with a drop-off (built-in release) mechanism (650 g; Followit, Lindesberg, Sweden), and an ear tag (Ritchey Livestock, Brighton, CO, United States).
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FIGURE 2. An adult striped hyena female 6163A caught in a camera trap after being fitted with a GPS collar and an ear tag.




Data Processing

Striped hyenas are mainly nocturnal, therefore, we used nightly GPS data (between 6 PM and 8 AM) at 1-h resolution to study the movement behavior of tracked hyenas. We standardized tracks by rounding timestamps to the nearest minute by adding or subtracting up to 3 s. We split data into individual-nights and discarded any individual-night with <7 locations out of the expected 15. For each timestamp, we calculated time from solar midnight as the decimal number of hours from the midpoint between sunset and sunrise at the corresponding geographical location on that date. Thus, timestamps between 6 PM and the solar midnight were assigned a negative value, those between the solar midnight and 8 AM were assigned a positive value. We intersected each location with spatial data including land cover (GIS layer provided by the Survey of Israel, 2020©), settlements (Survey of Israel, 2020©), farming facilities (Ministry of agriculture, 2021), JNF (Jewish National Fund) land and campsites (JNF, 2021), and roads (Survey of Israel, 2020©). We synthesized data into a simplified land cover variable that included four categories: anthropogenic, roads, agricultural, and natural. The “anthropogenic” land cover included locations within settlement boundaries, locations in “Artificial,” “Built-up,” and “Lawn or garden” classes, or locations within 50 m of a farming facility or a JNF campsite. The “roads” land cover included locations within 50 m of any paved road. The “agriculture” land cover included locations in “Vineyards,” “Fruit trees,” “Olive trees,” “Palm trees,” “Cultivated,” or “Uncultivated” classes. The “natural” land cover included locations within the “Natural vegetation” or “Natural non-vegetated” land cover types. For each location, we calculated the distance to the edge of the nearest settlement using the function “distance” in the R (R Core Team, 2021) package “raster” (Hijmans et al., 2015) and assigned a value of 0 for locations within a settlement boundary.



Behavioral Segmentation

We used a Hidden Markov Model (HMM; Patterson et al., 2008; Langrock et al., 2012) to segment individual-night trajectories into behavioral states based on the time series of step lengths (the linear distance between two consecutive GPS points) and turning angles (the angle between two consecutive steps). We used a Gamma distribution to model step lengths and a von Mises distribution to model turning angles (Langrock et al., 2012). We defined initial parameter values for three behavioral states:


•State 1 (resting): gamma with mean = 50 m (corresponding to very little displacement), standard deviation = 50 m, and zero mass parameter = 0.5 (corresponding to high probability of no movement); von Mises with mean = π rad (corresponding to turning back) and concentration = 0.1 (corresponding to nearly uniform turn-angle distribution).

•State 2 (searching): gamma with mean = 1,000 m (corresponding to medium displacement), standard deviation = 2,500 m, and zero mass parameter = 0.001 (corresponding to very low probability of no movement); von Mises with mean = π rad (corresponding to turning back) and concentration = 0.5 (corresponding to a moderately mean-centered distribution of turn angles).

•State 3 (traveling): gamma with mean = 3,000 m (corresponding to high displacement) and standard deviation = 5,000 m and zero mass parameter = 0.001 (corresponding to very low probability of no movement); von Mises with mean = 0 rad (corresponding to not turning – positive directional persistence) and concentration = 0.99 (corresponding to a highly mean-centered distribution of turn angles).



We modeled the transition probabilities between states as a function of time from midnight. We used the Viterbi algorithm to assign each step to the most likely behavioral state based on the HMM output (Zucchini et al., 2017). We conducted this analysis in R (R Core Team, 2021) using functions from the package “momentuHMM” (McClintock and Michelot, 2018).



Correlates of Behavior

We used multinomial logistic regression to model the hyenas’ behavioral state (resting, searching, or traveling) as a function of the interaction between land cover and sex, using the individual ID as a random effect. We used 1,000 iterations of empirical bootstrapping (sampling with replacement from the full dataset, sample size = 16,016 data points) to calculate 95% confidence intervals around mean estimate values. We conducted this analysis in R using package “mclogit” (Elff, 2021).




RESULTS

The final GPS dataset included tracks for seven hyenas (four females and three males), for a total of 16,019 locations and 1,187 individual-nights, covering an area measuring approximately 815 km2. The HMM estimated parameters for the three behavioral states as follow:


•State 1 (resting): gamma with mean = 14.32 m, standard deviation = 11.52 m, and zero mass parameter = 0.00; von Mises with mean = −3.06 rad and concentration = 0.35 (Figure 3).
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FIGURE 3. Distributions of (A) step lengths and (B) turning angles for striped hyenas in the Central District of Israel in three behavioral states identified using a Hidden-Markov Model.



•State 2 (searching): gamma with mean = 532.52 m, standard deviation = 458.75 m, and zero mass parameter = 0.00; von Mises with mean = 1.39 rad and concentration = 0.03 (Figure 3).

•State 3 (traveling): gamma with mean = 1403.30 m, standard deviation = 704.60 m, and zero mass parameter = 0.00; von Mises with mean = 0.06 rad and concentration = 0.53 (Figure 3).



Hyenas were more likely to be resting than searching at the beginning of the night, and least likely to be traveling (see Supplementary Figure 1). Transition probabilities from resting to searching or traveling and from searching to traveling were negatively correlated with time from solar midnight, whereas those from searching to resting and from traveling to resting or searching were positively correlated with time from solar midnight (see Supplementary Table 1 and Supplementary Figure 2).

Across all-land cover types, female hyenas were more likely to be searching than resting or traveling, whereas male hyenas were more likely to be traveling than resting or searching (Figure 4). In addition to this general pattern, females were more likely to travel than rest in anthropogenic areas, agricultural areas, and in proximity to roads, and more likely to rest than travel in natural areas (Figure 4). Males were more likely to search than rest in anthropogenic areas, agricultural areas, and in proximity to roads, and equally likely to search or rest in natural areas (Figure 4).
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FIGURE 4. The probability of male and female striped hyenas being in each behavioral state as a function of land cover in the Central District of Israel estimated using multinomial logistic regression. Points indicate the MLE and error bars indicate 95% confidence intervals.


Female hyenas had a higher proportion of steps than males in agricultural (26 and 14%, respectively) and anthropogenic areas (24 and 10%, respectively), and a lower proportion of steps in natural areas compared to males (41 and 67%, respectively; Pearson’s Chi-squared test 545.94, d.f. = 3, p < 0.001). The proportion of steps in the proximity of roads was 9% for both sexes (Figure 5). In addition, females’ hyenas were more likely to be found close to settlements compared to males (average distance of 350 and 641 m, respectively).


[image: image]

FIGURE 5. The proportion of GPS locations in each land cover type for male and female striped hyenas in the Central District of Israel.


Females traveled less than males in terms of average distance traveled per hour (592 and 951 m, respectively; Welch two-sample T-test = −30.746, p < 0.001), average distance traveled per night (6,954 and 11,837 m, respectively; Welch two-sample T-test = −21.961, p < 0.001), and nightly net displacement (2,779 and 4,071 m, respectively; Welch two-sample T-test = −27.003, p < 0.001; Figure 6).
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FIGURE 6. Distributions of movement metrics for male and female striped hyenas in the Central District of Israel. Left panel: distance traveled per hour; center panel: distance traveled per night; right panel: nightly net displacement.




DISCUSSION

Humans are dominating substantial parts of our planet, and protected areas are often too small to sustain viable populations of large carnivores. This makes human-large carnivore interactions inevitable. Here, we show that male and female hyenas show different behaviors in anthropogenic and agricultural areas compared to natural ones, indicating that females are more prone to conflict at the human-wildlife interface than males. The percentage of steps in human-dominated areas out of the total number of steps was almost twice as large in females (59%) than in males (33%). Moreover, even at times when males were found in anthropogenic areas, they were much more likely to just rapidly pass through the area, rather than spend enough time to be able to utilize available food resources within such areas. Direct and rapid movements through a particular area may reflect a low motivation to stay in a habitat perceived as suboptimal (Doherty and Driscoll, 2018).

Hyenas did not use anthropogenic and natural landscapes in the same way. Females changed their time allocation between natural and human-dominated areas, spending more time resting than traveling in natural areas, but not in human-dominated ones, while males spent more time searching than resting in human-dominated areas, and were equally likely to rest or search in natural ones. This implies that striped hyenas use natural areas for a variety of behaviors – resting, foraging, and traveling – while human-dominated areas are predominantly used for searching (by females) or traveling (by males). Altogether, it seems that striped hyenas of both sexes differentiate between human-dominated and natural areas and use the latter as a refuge (Singh et al., 2010). By using natural areas, even when they are not protected, limited in size, and adjacent to settlements, as stepping-stones, striped hyenas can survive even in a highly fragmented landscape, which stresses the importance of remnant natural fragments (Singh et al., 2010, 2014; Gantchoff et al., 2020; Bhandari et al., 2021). The fact that males can be found further away from settlements than females, and are less likely to stay and feed in human-dominated areas, emphasizes the need to identify important areas to preserve for each sex specifically (Zeller et al., 2018) while considering their different motivational states (Maiorano et al., 2017; Picardi et al., 2021). In this case, it seems that preserving the open areas adjacent to settlements will be more beneficial for females, while preserving extended areas further away from settlements will be beneficial for males. Agricultural lands were also extensively used by hyenas of both sexes. Other than in Israel (Kruuk, 1976; Nissim D, personal communication, January 21, 2022), the use of agricultural areas by striped hyenas was documented in India (Karanth and Chellam, 2009; Athreya et al., 2013), Turkey (Akay et al., 2011), and Iran (Djamali et al., 2020). This is another indication of the importance of keeping connectivity outside of protected areas, and the significance of integrating agricultural areas within ecological corridors (Gastón et al., 2016; Gantchoff et al., 2020).

Female reproductive state can also affect foraging behavior, leading females to take more risks while feeding in human-dominated areas (Bunnefeld et al., 2006; Wilmers et al., 2013). For example, female pumas have a higher chance of getting into conflict while they are accompanied by dependent kittens and their energetic needs are at their peak, leading them to forage in risky areas during winter (Teichman et al., 2013). Nevertheless, in brown and black bears (Ursus arctos, Ursus thibetanus), the presence of females with cubs and subadults near settlement can also be explained by reduced intraspecies predation risk, using the human-dominated environment as a shield against adult males, rather than due to food availability and quality (Elfström et al., 2014).

Our findings indicate that male and female striped hyenas show two different movement tactics. Males tend to travel longer distances and move faster, minimizing the risk of encounters with humans by traveling quickly through human-dominated areas and spending most of their time in natural areas. Females, on the other hand, are at greater risk of encountering people because they spend a greater proportion of time in human-dominated areas and move slower (presumably, to forage) while they are there. Although the movement strategy of males seems to be more energetically costly, males of this species are less involved in providing for their young relative to females, and therefore they need to invest less energy in foraging. Females, on the other hand, are likely to invest more energy in foraging as the main providers for their young, as well as in protecting the young while they accompany them on their foraging trips (Kruuk, 1976; Nissim, 1986). This strategy may lead the females to save energy by moving less – both in terms of their geographic range (net displacement) and total travel distance, as well as in terms of reduced speed. Females may also spend more time searching for food, because even anthropogenic food is more spatially clumped than food found in the wild, each local patch (e.g., garbage bin), may still contain only a small amount of food, hence the necessity to continually search for foraging opportunities.

We note that differences in behavioral classification between males and females could be also due to different baseline movement rates rather than to actual differences in behavior (life history). Nevertheless, the biology of the species supports the life-history hypothesis. Male and female hyenas are similar in body size (Kruuk, 1976) and therefore, there is no reason to expect longer steps for males a priori, supporting the hypothesis that the difference we found in average step length between males and females is likely due to different time allocation between behaviors characterized by longer (e.g., traveling) versus shorter (e.g., resting) step lengths. In addition, since females are the main providers for their young, it is most likely that their energetic demands will be higher than that of males.

In Israel, eight recorded human-striped hyena interactions (all between 2014 and 2021 except one that occurred in 1983), escalated into a meaningful conflict that demanded the interference of the INPA. Four of these incidents involved striped hyaenas that resided within cities, two involved high association with rural settlements, and two were related to a cattle/sheep ranch. Mitigation methods included translocation (which has not proven to be effective), the use of deterrents and aversion, diversionary feeding, and providing information to the public regarding hyena’s behavior (via national and local media, social media, and lectures). In seven out of the eight incidents, it was possible to determine the sex of the hyena involved, and in all these cases it was a female. Two separate conflict incidents included two females arriving on site – an adult and a subadult, which were likely related (a mother and daughter). Our findings provide evidence in support of these anecdotal observations that females tend to be at higher risk of conflict with humans than males.

The increased overlap between hyenas and humans in the highly disturbed area in the center of Israel, along with the females’ involvement in conflicts, may be amplified with time (Figure 7). A female’s high demand for food (during pregnancy, lactation, and as the main food provider for the young), is supplied by predictable and easily accessible anthropogenic food. Then, since in most mammals, including hyaenid species, males disperse more often and to longer distances compared to females (Greenwood, 1980; Trochet et al., 2016; Bartoń et al., 2019; Holekamp and Sawdy, 2019; but see Wagner et al., 2008), females kin are often found in closer proximity to one another than to their male counterparts (Greenwood, 1980). Relaxed competition for food may promote tolerance and even cooperation between these females (Califf et al., 2020). This may include assistance in raising cubs, and even den-sharing (Bouskila, 1984; Nissim, 1986; Mandal et al., 2018; Califf et al., 2020; Personal observation). Accordingly, two and even three females with their young have indeed been documented foraging together (Bouskila, 1984; Nissim, 1986). Younger females benefit from staying with their mother for extended periods as this may allow for more knowledge transfer from adult females. Thus, as mothers transfer knowledge to their daughters, the young females may continue utilizing anthropogenic resources, regardless of their reproductive state.
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FIGURE 7. A conceptual model for the combined effects of adding anthropogenic food subsidies on males and females striped hyenas’ behavior and risk of human-wildlife conflict.


Since human-striped hyenas spatial overlap is only going to increase, it is of great importance to share scientific findings regarding hyenas’ behavior not only with conservation practitioners but also with the general public and with policymakers as part of carnivore’ conservation programs (Treves and Karanth, 2003; Bhandari and Chalise, 2016). Providing information to the public regarding the behavior of a species that is usually misunderstood and suffers from a bad reputation can assist us in reducing fear and decreasing the chances that human-wildlife interactions will turn into conflict. Our findings suggest that female striped hyenas are more likely to get into conflict, and hence, the information provided to the public should focus on female hyenas and the reasons they are approaching human settlements. The factors that drive females to spend more time in human-dominated areas require further investigation. However, we recommend that, in a case of a conflict with a female hyena within an anthropogenic landscape, conservation practitioners may include the use of adaptive management in accordance with the female reproductive state: for example, for young females with no indication of cubs, deterrents and/or aversive conditioning should be used, while for mothers with higher energetic needs, a combination of the former with temporal diversionary feeding at dens area could be implemented. In this case, local knowledge regarding hyena sightings, cub presence, and den locations could all assist conservation practitioners in reducing conflict. In extreme cases, and only as a last resort (Massei and Cowan, 2014), sterilization may prove to be effective in conflict mitigation (Bromley and Gese, 2001; Fredrickson and Hedrick, 2006; Massei and Cowan, 2014). In this case, the female’s energetic needs will be reduced, which may affect her nuisance behavior, and knowledge transfer to the next generation will be prevented.

While moving less and relying on predictable anthropogenic food sources can save energy, living in high proximity to humans and feeding on anthropogenic food waste may come with other costs. This may be reflected in high cortisol levels (Støen et al., 2015), poor health (Murray et al., 2015), low fertility, or reduced survival of adults and offspring (Bunnefeld et al., 2006; Wong and Candolin, 2015; Johnson et al., 2020) that inhabit anthropogenic environments. Future work on striped hyenas subjected to high anthropogenic pressure should therefore include physiological measurements as well as long-term monitoring of individual survival. This, in turn, can assist us in determining whether the tolerance behavior exhibited by this large carnivore is adaptive, or whether it represents an evolutionary trap for striped hyenas.
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