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			ABSTRACT

		

		
			Habitat loss and prey species shortages represent serious issues for many wild carnivores. Carnivores may expand their search for prey and suitable habitat to cover a wide area, seeking alternative sources of food at different localities, including human-modified land such as agricultural areas. Agricultural areas in Tabuk Province, north-western kingdom of Saudi Arabia have been expanded substantially over the last three decades. This research studied the potential role of large agricultural areas as supplementary habitats for wild carnivores in a desert ecosystem. Camera traps recorded three mammalian carnivores: golden jackal (Canis aureus), grey wolf (Canis lupus), and red fox (Vulpes vulpes). Although red foxes were highly abundant across the surveyed sites, an analysis showed that they avoided sites near highways. The golden jackal is rarely documented in Saudi Arabia and there is a significant lack of information about this species. All three detected wild carnivores are officially protected species in Saudi Arabia. It can be concluded that agricultural areas represent potential survival sites offering suitable conditions in a harsh desert ecosystem, especially under conditions of prey depletion and native habitat degradation. Further research is required to better understand how agricultural areas can be used to promote conservation actions for wild animals and improve their ecological status.
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			Introduction

			Threats to biological diversity vary globally, with some regions being particularly vulnerable to biodiversity loss while others remain relatively secure (Dobrovolski et al., 2013). Human activities are considered one of the main causes of biodiversity decline (Tilman et al., 2017; Prakash and Verma, 2022). The modification of natural areas has greatly reduced the amount of suitable wildlife habitat, which can alter species diversity and distribution, their interactions with surrounding ecosystems, and may cause extinction (Pimm et al., 2014; Newbold et al., 2015; Curveira-Santos et al., 2021; Kaky et al., 2022). The responses of different species to these threats and disturbances may vary according to their abilities to their tolerance (Kaky, 2020). Different forms of interaction between species also exist (Miller and Spoolman, 2009), which suggests that in some cases such as predator-prey relation the presence of a species can be critical to the survival of another species. Hence, conservation of wildlife and the sustainable use of natural resources are required to ensure the adequate conservation efforts (Alatawi, 2022).

			Carnivores receive a great deal of research attention since they are among the most threatened species (Ripple et al., 2014; Wolf and Ripple, 2017). Notably, carnivores are vulnerable to changes in their habitat (Wolf and Ripple, 2017; Faure et al., 2022). The global range of carnivores is contracting (Wolf and Ripple, 2017), mostly due to anthropogenic activities such as habitat destruction and fragmentation, poaching, persecution, hunting, and reduction in prey availability (Ripple et al., 2014; Wolf and Ripple, 2016, 2017). Since the trophic level of carnivores plays a vital role in food webs, their disappearance might affect ecosystem services (Ripple and Bestcha, 2012; Ripple et al., 2014; Suraci et al., 2016; Curveira-Santos et al., 2021). Certain carnivores have large home ranges, which protected areas may not entirely cover. Hence, carnivores may roam far beyond the boundaries of protected areas (Wolf and Ripple, 2018). For this reason, understanding the distribution of wild animals is required when considering conservation action (Alatawi et al., 2020; Alatawi, 2022; Kaky et al., 2023).

			Habitat loss and prey depletion represent serious issues for many carnivores (Ripple et al., 2014; Wolf and Ripple, 2016). As a consequence, carnivores may expand their search for suitable habitat and prey to cover a wide area, seeking alternative sources of food at different localities (Wolf and Ripple, 2016), such as agricultural areas (Ferreira et al., 2018; Curveira-Santos et al., 2021). The number of publications regarding the use of agroecosystems by carnivores has expanded considerably (Ferreira et al., 2018; Curveira-Santos et al., 2021). Agricultural activities are generally believed to be one of the key drivers of carnivore decline since these activities may directly or indirectly modify carnivores’ natural habitats, and thereby reduce the availability of natural resources (Wolf and Ripple, 2017; Curveira-Santos et al., 2021; Fernández-Sepúlveda and Martín, 2022). However, agricultural areas do not inevitably need to be hostile environments since they may hold value for certain carnivore species. Various mammalian carnivores have expanded their home ranges to include human-modified agricultural areas (Nogeire et al., 2013; Jankowiak et al., 2016; Ferreira et al., 2018; Warrier et al., 2020; Curveira-Santos et al., 2021), thereby demonstrating that they can survive and obtain benefits from these modified and disturbed habitats (Jankowiak et al., 2008, 2016). The availability and variety of food resources and potentially suitable/favorable conditions (e.g., for shelter, reproduction, and habitat connectivity) found in agricultural areas can help carnivores meet their daily demands to ensure survival (Nogeire et al., 2013; Jankowiak et al., 2016; Ferreira et al., 2018).

			The increased presence of carnivores near human activities could trigger a human-carnivore conflict that could be fatal for these species (Takahata et al., 2014; Morehouse and Boyce, 2017; Ferreira et al., 2018; García et al., 2021). Carnivores might be killed or poisoned if they pose a threat to humans or livestock, which ultimately threatens their conservation status. Therefore, the safety of both humans and carnivores must be prioritized (Morehouse and Boyce, 2017; Alatawi, 2022).

			The considerable expansion of agricultural activities in Tabuk Province, north-western Saudi Arabia has occurred as a result of economic and demographic development (Albalawi et al., 2018; Albalawi, 2020). Agricultural areas are normally rich habitats that include various resources such as prey species, crops, landfills, and carcasses that may attract local wild carnivores. Therefore, the objective of this study is to explore the distribution of carnivores in agricultural areas and the potential role of these areas as supplementary habitats for local carnivores in Tabuk Province. Overall, understanding how carnivores utilize agricultural areas can help to avoid potential conflicts and inform appropriate protective actions.

			Materials and Methods

			Study area

			The fieldwork was conducted in relatively large agricultural areas within Tabuk Province during the summer and fall of 2022 (June to November) (Fig. 1). Tabuk Province is located in northwestern Saudi Arabia (Alatawi, 2022). There has been an important expansion of agriculture-related activities in this province over the last three decades, resulting in large agricultural areas being established near Tabuk city (Albalawi et al., 2018; Albalawi, 2020). As a result, Tabuk province has become one of the leading food-producing provinces in Saudi Arabia, producing and exporting a wide variety of fruits, vegetables, and other crops to the rest of the country (Al-Harbi, 2010). Many poultry and livestock farms are located in these agricultural areas, with their associated carcass dumps. Additionally, landfills also exist in these areas. These conditions make the agricultural areas suitable candidate habitats for different groups of wild animals, especially carnivores.
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			Fig. 1. The locations of 45 camera traps installed in agricultural areas near Tabuk city in Tabuk Province during the summer and fall of 2022. The image of the study area was obtained using Google Earth, accessed at https://earth.google.com/web/ on December 7, 2022. Map of Saudi Arabia was obtained using World Imagery in ArcGIS software.

			Data collection

			The presence of wild mammalian carnivores were determined by installing infrared camera traps (HC-802A) at different sites in agricultural areas of Tabuk Province. Camera trap was placed on an iron stand ranging from 50 cm to 60 cm from ground. The camera was programmed to take a photo and a 10 sec video whenever the infrared sensor activated. Camera traps were placed on farmland if permission was granted by the owner, and outside farms if there was no permission or accessibility. All farms on which camera traps were installed were fence-free, and thus accessible to carnivores. The study area is relatively populated, with many private properties hosting various human activities. Hence, the cameras were installed at sites for 24–30 h, then moved to other sites. A total of 45 sites were covered by the camera traps, a camera trap at each site/night. Cooked food such as rice and meat, as well as raw food such as meat, were placed in front of the camera traps. Although providing a sufficient distance between traps was considered in the study design, this was subject to accessibility and other constraints on the ground. Overall, each camera trap received the same treatment and setting to avoid bias in species detection.

			Statistical analysis

			Only the red fox (Vulpes vulpes) had a sufficient number of detections for a statistical analysis to be performed. Detection data were extracted from each camera trap, and a detection and non-detection history was assigned for the red fox at each visited site. Notably, the agricultural areas are separated by highways (Fig. 1). The distance from each camera to the nearest highway was estimated using the ruler tool in Google Earth (accessed at https://earth.google.com/web/ on December 7, 2022). An independent t-test was used to determine whether the distance to a highway affected red fox occurrence. Additionally, red fox was recorded on farmlands and outside farm boundaries, and the camera traps detected a significant number of stray dogs at the same sites and time slot as red fox. To examine whether there was a difference in red fox detection on farmland or outside farms and whether red fox avoids sites with stray dogs, a chi-square test was used. The data were analyzed using IBM SPSS Statistics (Version 22).

			Results

			Deployed camera traps detected three wild mammalian carnivores that utilize these agricultural areas: red fox, grey wolf (Canis lupus), and golden jackal (Canis aureus) (Fig. 2). The density of red fox was high across the agricultural areas, with 62% of installed camera traps recording their presence (Fig. 3). Golden jackal was detected at one site and grey wolf was detected at four sites.

			The time of day for detection varied among the sites surveyed for the detected species. Although most of the red fox detections occurred at night, this species was also detected in the early morning and late afternoon (Fig. 4). Their earliest appearance on a camera trap was at 7:27 pm, while the latest observation was at 6:48 am in summer season. For golden jackal, most of the activity occurred at night; however, there was also some activity during the morning. The earliest appearance of this species on a camera trap occurred at 8:04 pm, while the latest appearance was at 11:01 am in summer season. Grey wolf activity was observed only at night, with the earliest appearance on a camera trap in fall season occurring at 8:18 pm and the latest appearance occurring at 2:29 am.
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			Fig. 2. Red fox (A), grey wolf (B), and golden jackal (C)detected by camera traps in agricultural areas of Tabuk province in 2022.
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			Fig. 3. UpSet plot (Lex et al., 2014) of the intersection of red fox dataset collected in the field. The presence of stray dogs was only observed from 7:00 pm to 6:59 am, during the observed period of red fox activity (see Fig. 4).
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			Fig. 4. Red fox detection frequency based on camera trap observations across sites in agricultural areas of Tabuk province in 2022.

			The distance from each camera trap to the nearest highway varied. The results of an analysis indicated that the detection of red fox was significantly affected by the distance to a highway (t43 = 1.9, p < 0.05). Also, the statistical result of the chi-square test showed that red fox was significantly affected by the presence of stray dogs: x2 (1, 45) = 9.2, (p < 0.05). The analysis also indicated that there was no significant difference in red fox detection between farmlands and areas outside of farm boundaries: x2 (1, 45) = 0.11, (p > 0.05).

			Discussion

			Tabuk Province has experienced rapid growth in intensive agricultural activities over the last three decades (Albalawi, 2020). In this research, three wild mammalian carnivores were detected in agricultural areas in Tabuk Province: red fox, golden jackal, and grey wolf. To the best of the author’s knowledge, this study represents the first confirmed evidence of the golden jackal inhabiting the north-western area of Saudi Arabia (Aloufi and Amr, 2018; Ansari et al., 2022). The findings overall support the potentially crucial role of agricultural areas as supplementary habitats for local carnivores.

			Studying the presence/absence of a particular species is a key step in appropriate conservation management (Alatawi et al., 2020; Kaky et al., 2020, 2023; Nolan et al., 2022). Wild carnivores are vigilant and elusive species that generally avoid contact with humans (Ordiz et al., 2011). Documenting red fox, golden jackal, and grey wolf in agricultural areas within a desert ecosystem is a promising outcome. The presence of different-sized carnivores in agricultural areas has been widely reported by studies of different habitat conditions and characteristics (Ferreira et al., 2018; Curveira-Santos et al., 2021). For instance, foxes are commonly reported to use agricultural areas (Borchert et al., 2008; Shapira et al., 2008; Pita et al., 2009; Nogeire et al., 2013; Jankowiak et al., 2016; Stepkovitch et al., 2019). For example, Jankowiak et al. (2008) reported on the diet of red fox on farmlands in Poland. Saruhan and Sari (2022) found that the golden jackal was distributed near residential and agricultural areas. Also, Ahmadi et al. (2014) noted that wolves can persist in and adjust to modified agricultural areas. Carnivores listed as species of least concern are more likely to utilize agricultural areas when compared to threatened species (Ferreira et al., 2018; Curveira-Santos et al., 2021). The red fox is a widespread species across the deserts of Saudi Arabia and appears to be a non-threatened species with least concern status (Mallon and Budd, 2011). In contrast, the golden jackal is a rarely recorded species in Saudi Arabia, and up-to-date information regarding its population size and trend remains incomplete (Mallon and Budd, 2011). Therefore, this species is classified regionally as near threatened in the Arabian Peninsula, which includes Saudi Arabia (Mallon and Budd, 2011). Additionally, the grey wolf is classified regionally as endangered in the Arabian Peninsula (Mallon and Budd, 2011). Notably, all species detected in this study are officially protected in Saudi Arabia, and hunting them can incur a penalty (Ministry of Environment, Water and Agriculture, 2023). The report of a golden jackal in an agricultural area is an important outcome that can inform improvements to its conservation status.

			Generalist carnivores are commonly detected in these habitats since they appear to adapt to and benefit from disturbed areas (Bino et al., 2010; Šálek et al., 2014; Ferreira et al., 2018). In this study, it seems that the detected carnivores make use of the advantages that agricultural areas can offer. Golden jackal and red fox are generalist opportunistic foragers, and their diets include livestock carcasses, small mammals, and other available resources (Giannatos et al., 2010; Markov and Lanszki, 2012; Mohamed, 2016; Mohamed and Basuony, 2016; Lange et al., 2021; Tkachenko, 2021). The abundance of prey species such as birds, small mammals, and livestock in the studied agricultural areas may attract local carnivores. Additionally, a large number of livestock carcasses were observed to be dumped in the study area; hence, local carnivores may be attracted to these spots. Such conditions may no longer be present in the wild, particularly in light of prey depletion. Furthermore, golden jackal and red fox are known to consume fruit (Rico-Guzmán et al., 2012; Markov and Lanszki, 2012; Mohamed and Basuony, 2016; Lange et al., 2021; Tkachenko, 2021), of which there is an abundance in the studied agricultural areas. These factors and conditions, as well as the improperly managed landfills observed, most likely explain the occurrence of the detected carnivores.

			The frequency of red fox in the studied agricultural areas was noticeably high. The red fox is a successful adaptive species that can inhabit various habitats, including urban and agricultural areas (Jankowiak et al., 2016; Stepkovitch et al. 2019). Stepkovitch et al. (2019) reported that body mass and skeletal size increased in red foxes occupying urbanized areas when compared to natural habitats in Australia. It was also reported that the skull sizes of red foxes in agricultural areas were larger than those in non-agricultural areas in Spain, which could be related to the availability of food from animal husbandry in agricultural areas (Yom-Tov et al., 2007). In this study, red fox appeared to be affected by highways, which implies that red fox avoids or is less likely to roam near these spots. However, this species was also detected by a camera trap set 284 m from a highway. Notably, the occurrence of red fox seems to be affected by the presence of stray dogs. Red fox was recorded slightly more often on farmlands than outside of farms, regardless of human activities and the presence of stray dogs and guard dogs (Fig. 3). Therefore, it can be concluded that red fox manages to survive in this agricultural system.

			Carnivores can provide important benefits to the ecosystems in agricultural areas. Certain carnivores (i.e., scavengers) may profit from livestock mortality while also providing disposal services for organic waste (Lange et al., 2021). Carnivores can also contribute to the control of rodent populations, thereby reducing the risk of spreading zoonotic diseases (Ostfeld and Holt, 2004). Additionally, carnivores may help to disperse seeds to new localities (Draper et al., 2022). Mohamed and Basuony (2016) reported on the food composition and feeding ecology of red fox from Al-Jouf Province, Northern Saudi Arabia which also included plants. Despite these benefits, carnivores may face serious threats in agricultural areas, especially if they begin to attack humans and livestock or damage crops. Such behavior can trigger possible retaliation, resulting in human-carnivore conflict (Morehouse and Boyce, 2017; Ferreira et al., 2018; Nattrass and Conradie, 2018; Abd Rabou et al., 2021; Alatawi, 2022). A farm owner confirmed that in different incidents, he lost several heads of livestock due to predator attacks that he believed to be caused by a wolf. Another farmer complained about red fox because of several attacks on his poultry farm. In addition, agricultural areas in Tabuk province attract hunters that search for native and migratory birds (Fig. 5). Based on existing knowledge of hunters’ attitudes in this region (Alatawi, 2022), it is very likely that hunters will also hunt carnivores if they encounter them. Road mortality represents another potential threat to carnivores in agricultural areas. During the fieldwork, two red foxes were observed dead on the road following collisions with vehicles (Fig. 5).
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			Fig. 5. Threats that carnivores might encounter in agricultural areas. Although hunters with guns mostly target birds, they may hunt wild carnivores if encountered (photo from a camera trap). A fox killed in a collision with a car, observed in an agricultural area (photo by Abdulaziz Alatawi).

			Conclusion

			Due to prey depletion and habitat loss, wild carnivores may search for food outside their natural habitat, which can result in them potentially moving closer to areas of human activity. Agricultural areas in Tabuk Province appear to provide suitable resources and conditions that can be utilized by local carnivores, including endangered (e.g., grey wolf) and rarely observed near-threatened species (e.g., golden jackal). Notably, the expansion of agricultural activities is expected to increase. Therefore, additional applied research is required to better understand the associations between local wild carnivores and agricultural areas in desert ecosystems, and how agricultural areas may contribute to the conservation of these wild animals.
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ABSTRACT

Key words

Habitat loss and prey species shortages represent serious issues for many wild carnivores. Carnivores
may expand their search for prey and suitable habitat to cover a wide area, seeking alternative sources of
food at different localities, including human-modified land such as agricultural areas. Agricultural areas
in Tabuk Province, north-western kingdom of Saudi Arabia have been expanded substantially over the
last three decades. This research studied the potential role of large agricultural areas as supplementary *
habitats for wild carnivores in a desert ecosystem. Camera traps recorded three mammalian carnivores:
golden jackal (Canis aureus), grey wolf (Canis lupus), and red fox (Vulpes vuipes). Although red foxes
were highly abundant across the surveyed sites, an analysis showed that they avoided sites near highways.
The golden jackal is rarely documented in Saudi Arabia and there is a significant lack of information about
this species. All three detected wild carnivores are officially protected species in Saudi Arabia. It can be
concluded that agricultural areas represent potential survival sites offering suitable conditions in a harsh
desert ecosystem, especially under conditions of prey depletion and native habitat degradation. Further
research is required to better understand how agricultural areas can be used to promote conservation
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actions for wild animals and improve their ecological status.

Zoological Society of Pakistan.

INTRODUCTION

hreats to biological diversity vary globally, with some

regions being particularly vulnerable to biodiversity
loss while others remain relatively secure (Dobrovolski
et al., 2013). Human activities are considered one of the
main causes of biodiversity decline (Tilman et al., 2017,
Prakash and Verma, 2022). The modification of natural
areas has greatly reduced the amount of suitable wildlife
habitat, which can alter species diversity and distribution,
their interactions with surrounding ecosystems, and may
cause extinction (Pimm et al., 2014; Newbold et al.,
2015; Curveira-Santos ef al., 2021; Kaky et al., 2022).
The responses of different species to these threats and
disturbances may vary according to their abilities to their
tolerance (Kaky, 2020). Different forms of interaction
between species also exist (Miller and Spoolman, 2009),
which suggests that in some cases such as predator-prey
relation the presence of a species can be critical to the
survival of another species. Hence, conservation of wildlife
and the sustainable use of natural resources are required to
ensure the adequate conservation efforts (Alatawi, 2022).

Carnivores receive a great deal of research attention
since they are among the most threatened species (Ripple
et al., 2014; Wolf and Ripple, 2017). Notably, carnivores
are vulnerable to changes in their habitat (Wolf and

Ripple, 2017; Faure et al., 2022). The global range
of carnivores is contracting (Wolf and Ripple, 2017),
mostly due to anthropogenic activities such as habitat
destruction and fragmentation, poaching, persecution,
hunting, and reduction in prey availability (Ripple ef al.,
2014; Wolf and Ripple, 2016, 2017). Since the trophic
level of carnivores plays a vital role in food webs, their
disappearance might affect ecosystem services (Ripple
and Bestcha, 2012; Ripple ef al., 2014; Suraci et al.,
2016; Curveira-Santos et al., 2021). Certain carnivores
have large home ranges, which protected areas may not
entirely cover. Hence, carnivores may roam far beyond the
boundaries of protected areas (Wolf and Ripple, 2018). For
this reason, understanding the distribution of wild animals
is required when considering conservation action (Alatawi
et al., 2020; Alatawi, 2022; Kaky et al., 2023).

Habitat loss and prey depletion represent serious issues
for many carnivores (Ripple ef al., 2014; Wolf and Ripple,
2016). As a consequence, carnivores may expand their
search for suitable habitat and prey to cover a wide area,
seeking alternative sources of food at different localities
(Wolfand Ripple, 2016), such as agricultural areas (Ferreira
et al., 2018; Curveira-Santos et al., 2021). The number
of publications regarding the use of agroecosystems by
carnivores has expanded considerably (Ferreiraefal., 2018;
Curveira-Santos ef al., 2021). Agricultural activities are
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