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ABTRACT 

We determined the consumption of fruits and estimated potential seed dispersal of a canid 

community in semi-arid ecosystems of South Africa by comparing diets, defecation sites, 

densities and potential seed shadows of cape foxes (Vulpes chama), bat-eared foxes (Otocyon 

megalotis) and black-backed jackals (Canis mesomelas) on Benfontein and Rooipoort nature 

reserves. On Benfontein, all canid species consumed the fruit of Diospyros lycioides throughout 

the year. Jackals, but neither fox species, consumed relatively large amounts of Prosopis spp. 

(mesquite), an alien invasive. On Rooipoort, jackals had relatively high consumption of Ziziphus 

mucronata, followed by Grewia flava and D. lycioides. Bat-eared foxes had high consumption of 

fruit per area, although their seed dispersal potential was low due to their small potential seed 

shadow and poor germination sites. Cape foxes had the largest potential seed shadow, but their 

seed dispersal potential was low because of low fruit consumption, low density, and poor 

germination sites. Jackals had the highest seed dispersal potential because they consumed the 

most fruit species, had moderate densities, a relatively large potential seed shadow, and mostly 
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good germination sites. We conclude that seed dispersal potential of South African canids, 

especially jackals, is more significant than previously known. 

 

Keywords: Bat-eared fox, black-backed jackal, cape fox, density, home range, seed shadow 

 

1. Introduction 

 Seed dispersal is an important aspect of the ecology of plant communities. To aid 

dispersal, some plant species have evolved fleshy fruits around seeds (hereafter fruit plants), 

which are consumed for a nutritional reward by a wide variety of animals (Krefting and Roe, 

1949; Hererra, 1984; Howe 1986; Willson, 1993). Through defecation, animals deposit the seeds 

at various distances from the source plant, called seed shadows, which are dependent on animal 

movements and gut retention times (Koike et al., 2010). Successful germination and seedling 

establishment within seed shadows is greatly affected by the microhabitat of the aQLPaO¶V 

defecation sites (Chavez-Ramirez and Slack, 1993), and sometimes secondary movements of 

seeds after defecation (Koike et al., 2012). By influencing the spatial distribution and 

demography of the plants they feed on, seed dispersers may shape the vegetative landscape and 

contribute to the natural regeneration of ecosystems (Wisz et al, 2013; Baños-Villalba et al., 

2017). Most research on fruit dispersals has focused on birds, which are often considered the 

most important seed dispersers in tropical regions (Baños-Villalba et al., 2017; Corlett, 2017; 

Sebastián-González, 2017). However, in temperate or semi-arid regions, mammalian species 

were found to disperse seeds of fruit plants farther than birds, and at greater quantities (Jordano 

et al., 2007). In fact, some fruit plants may have evolved to have their seeds consumed 

exclusively by mammals instead of birds (Zhou et al., 2013). Among mammals, several species 
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of omnivorous Carnivora have been shown to be major dispersers of seeds, including small and 

medium-sized Canidae (Willson et al., 1993). For example, coyotes (Canis latrans) were found 

to be the most highly frugivorous north temperate mammal, and this species is likely to be 

among the quantitatively most important mammalian dispersers of fruit plants in North America 

(Willson et al., 1993). Similarly, red foxes (Vulpes vulpes) and corsac foxes (V. corsac) were 

found to be important dispersers of fruit plants in semi-arid parts of southern Europe (Juan et al., 

2006; Rosalino and Santos-Reis, 2009; Cancio et al., 2016) and central Asia (Murdoch et al., 

2009), respectively. 

 In semi-arid regions of South Africa, there are three species of small and medium-sized 

canids that potentially could be major dispersers of fruit plants: cape foxes (Vulpes chama), bat-

eared foxes (Otocyon megalotis), and black-backed jackals (Canis mesomelas). Although 

previous studies have confirmed that all three of these canid species regularly consume fruit 

(Kok, 1996; Klare et al., 2010, 2011, 2014; Kamler et al., 2012), their potential as important seed 

dispersers has received little attention. For example, bat-eared foxes, but not cape foxes and 

jackals, were reported to be a disperser of several species of fruit plants in semi-arid regions of 

South Africa (Milton and Dean, 2001). Only a few studies commented on the potential of black-

backed jackals to assist with seed dispersal of fruit plants (Castley et al., 2001; Kaunda and 

Skinner, 2003). Clearly, more research is needed on the potential of canids to act as seed 

dispersers in semi-arid environments in South Africa, given the propensity of canids to act as 

major seed dispersers in other semi-arid regions of the world. Such information might especially 

be relevant for South Africa, where large carnivores have been extirpated over most of the 

country, leaving jackals, which can attain high densities, as the dominant predator in most 

ecosystems (Klare et al.,. 2010; Minnie et al., 2016). 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

4 
 

The seed dispersal potential of canids in South Africa is relevant not only for the ecology 

of native fruit plants, but also for the ecology of alien mesquite (hybrids of Prosopis glandulosa 

and several other alien Prosopis spp.) which has invaded large areas of South Africa and is 

causing ecosystem-level changes in savannas (Dean et al., 2002; Milton et al., 2007; Shackleton 

et al., 2015; Van den Berg, 2010). In North America, coyotes were sometimes found to consume 

large amounts of honey mesquite (P. glandulosa) seeds in semi-arid areas, and they acted as a 

major disperser of this species within its native range (Meinzer et al., 1975; McClure et al., 

1995). In South America, the diet of the Sechuran fox (Lycalopex sechurae) in desert habitat was 

dominated by P. juliflora seeds in some seasons (Asa and Wallace, 1990), and it was found to be 

a relevant seed disperser of this species (Escribano-Avila, 2019). Thus, jackals or foxes might be 

helping to facilitate the dispersal and expansion of Prosopis spp. within its non-native range in 

South Africa, although the consumption of Prosopis seeds by canids in South Africa has never 

been reported. 

The defecation sites of animals within their seed shadows can greatly affect successful 

germination and seedling establishment (Reid, 1989; Chavez-Ramirez and Slack, 1993). For 

example, it was concluded that red foxes and gray foxes (Urocyon cinereoargenteus) in Texas, 

USA, had deposited scats in poor germination sites because >95% of the scats were found in 

open areas near or on dirt roads and trails where wildlife and livestock would trample them 

(Chavez-Ramirez and Slack, 1993). In contrast, scats deposited under the canopy of trees by 

other carnivores were considered favorable germination sites (Chavez-Ramirez and Slack, 1993). 

Similarly, coyotes in Oregon, USA, were found to defecate pinyon (Juniperus occidentalis) 

seeds in open areas, which are poor germination sites because pinyon seeds germinate best 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

5 
 

beneath shrubs (Schupp et al., 1997). Therefore, it is important to record information on the 

defecation sites when investigating the potential of canids to act as seed dispersers of fruit plants. 

  We describe the seasonal consumption of several species of fruit plants by cape foxes, 

bat-eared foxes, and black-backed jackals in South Africa. We also recorded information about 

their defecation sites to assess their potential as germination sites. This research was part of a 

larger study investigating the ecology of foxes and jackals; thus, the densities and home range 

sizes of the canid species on our study sites were known (Kamler et al., 2013b, 2017, 2019; 

Kamler and Macdonald, 2014). To estimate the seed dispersal potential of each canid species, we 

incorporated results about their fruit consumption and defecation sites, with information about 

their home range sizes and densities. This is the first detailed study of the seed dispersal potential 

of South African canids, and our results have relevance not only for the regeneration of native 

fruit plants in semi-arid regions, but also for the expansion of alien invasive Prosopis spp. as 

well. 

 

2. Materials and methods 

2.1. Study species 

 This research was part of a larger study investigating the ecology and interspecific 

relationships of cape foxes, bat-eared foxes, and black-backed jackals on several study sites in 

South Africa (Kamler et al. 2012, 2013b; Klare et al. 2010, 2011, 2014). Capture, radio-

telemetry monitoring, and scat collection were the primary methods used to investigate the 

ecology of each species. Results of the ecological findings allowed us to make post hoc 

investigations of their potential as seed dispersers of fruit plants. A summary of the ecological 

findings of each species that are related to their potential as seed dispersers is shown in Table 1. 
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2.2. Study areas 

Research was conducted on two nature reserves near Kimberley in central South Africa 

from June 2005 to September 2007. The vegetation consists of elements of three major biomes 

converging there, Savanna, Nama Karoo, and Grassland biomes. Specific vegetation types 

included Kimberley Thorn Bushveld, Eastern Mixed Nama Karoo, and Dry Sandy Highveld 

Grassland (Mucina and Rutherford, 2006). This area has a semi-arid continental climate, with a 

mean annual rainfall of 419 ± 134 mm (Kamler et al., 2012). There is a distinct cold and dry 

period during winter months (-8° to 25°C), and a hot and rainy period during summer months (8° 

to 40°C).  All large carnivores in the area had been extirpated by humans prior to 1900. 

 Benfontein Nature Reserve (110 km2), formerly Benfontein Game Farm (hereafter 

Benfontein), was located on the border of the Northern Cape and Free State provinces (28q51¶ S, 

24q48¶ E), approximately 10 km south of Kimberley. This site was dominated by Eastern Mixed 

Nama Karoo vegetation (at least 60% of study site), and was managed primarily for three wild 

ungulate species, springbok (Antidorcas marsupialis), blesbok (Damaliscus dorcas), and black 

wildebeest (Connochaetes gnou), as well as a small herd of cattle (Bos taurus). In addition to the 

canids, other carnivore species present included aardwolves (Proteles cristatus), caracals 

(Caracal caracal), African wild cats (Felis silvestris), black-footed cats (Felis nigripes), small-

spotted genets (Genetta genetta), striped polecats (Ictonyx striatus), and at least 5 species of 

Herpestidae (Kamler et al., 2012). Aside from one or two annual culls for ungulates on 

Benfontein, there was relatively little human activity. No carnivore species was heavily 

persecuted on Benfontein during the study, although jackals were infrequently and 
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opportunistically shot during culling operations for ungulates (< 3 jackals/year during the study; 

Kamler et al., 2012). 

Rooipoort Nature Reserve (420 km²; hereafter Rooipoort) was located ca. 50 km west of 

Kimberley in the Northern Cape Province (28�39¶S; 24�11¶E). Rooipoort was dominated by 

Kimberley Thorn Bushveld (at least 60% of study site), and also included riverine habitat along 

the Vaal River. Rooipoort was managed primarily for safari hunting and contained at least 15 

species of ungulates. Brown hyenas (Hyaena brunnea) occurred on Rooipoort, along with all the 

smaller carnivore species that were found on Benfontein (Klare et al., 2010). As a reserve policy, 

no carnivore species was persecuted. 

 

2.3. Consumption of fruits and seed shadows 

We determined food habits, including consumption of fruit, by analysis of scats (i.e., 

droppings). For jackals, scats were collected by seasonally walking transects established on both 

Benfontein and Rooipoort (for details see Klare et al. 2010). For cape foxes and bat-eared foxes, 

too few scats were collected along transects, so additional collections were made each season 

around their den sites on Benfontein. Scats were classified to species based on size and shape 

(Walker, 1996). Seasons were defined as spring (Sep ± Nov), summer (Dec ± Feb), autumn (Mar 

± May), and winter (Jun ± Aug), to parallel major changes in climate and corresponding changes 

in food resources. To obtain adequate sample sizes (37-93 scats/species) for each season, scats 

were pooled across years. The sample size of scats for cape foxes in summer was too low (n < 15 

scats), thus this season was excluded from analyses. Following collection, scats were processed 

in a laboratory to identify prey items (for more details see Klare et al. 2010). We weighed the 

dried remains from each scat, and visually estimated volume of each undigested food item in the 
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scat to the nearest 5%, and presented results as percent volume (i.e., percentage of the total 

volume of a given prey category compared to the total volume of all food items). We also 

calculated ingested biomass based on the weight of dried remains using correction factors 

provided by Goszczynski (1974) supplemented with those from Jedrzejewska and Jedrzejewski 

(1998). Finally, we also calculated the frequency of occurrence of the different prey categories 

(i.e., percentage of scats containing at least traces of a food category). We grouped prey species 

into 10 taxonomic-ecological categories (for details see Klare et al. 2010), one of which was 

fruit. The seeds were identified to fruit species based on a comparison to a reference collection. 

The complete dietary results of the other food categories were reported in previous studies (Klare 

et al., 2010, 2011, 2014), therefore only the results concerning fruit consumption are reported in 

this paper. 

For each canid species, the kg of fruit consumed per area (km2) during each season was 

calculated according to a formula modified from Klare et al. (2010): Fkg = DFI x Bfruit x Ndays x 

D, where Fkg is the kg of fruit consumed per km2, DFI the daily food intake, Bfruit the fraction of 

a given fruit in the total ingested biomass, ndays the number of days per season, and D is the 

density of each canid species. We assumed the daily food intake was 8.5% of the body mass of 

each canid species, given that carnivores are assumed to consume food equaling 7-10% of their 

body mass per day (Mukherjee et al. 2004). Based on the mean body mass values for each canid 

species in our study (Table 1), the daily food intake was estimated to be 0.25 kg for cape foxes, 

0.32 kg for bat-eared foxes, and 0.77 kg for jackals. The density of canid species was taken from 

Table 1. The annual kg of fruit consumed per km2 was calculated by summing the results from 

each season. Because the diet of cape fox was not determined in summer, we took the average of 

biomass consumed for the other three seasons as a substitute value for summer. 
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Seed shadows are dependent on animal movements and gut retention times (Koike et al., 

2010). Although we did not determine gut retention times for the species on our study sites, gut 

retention times have been calculated in previous studies for small and medium-sized canids. The 

gut retention time for black-backed jackals was 1-5 days when fed small rodents (Bowland and 

Bowland, 1991). When fed different fruits, the gut retention time was 4-48 hr for arctic foxes 

(Vulpes lagopus; Graae et al., 2004), and 2-36 hr, with of mean of 7-8 hr, for pampas foxes 

(Lycalopex gymnocercus) and crab-eating foxes (Cerdocyon thous; Varela and Bucher, 2006). A 

typical radio-tracking session in our study was 6-8 hr (Kamler et al., 2012), and during this 

period individuals of all three canid species could transverse the diameter of their home ranges. 

Therefore, we used the mean home-range sizes of each canid species (Table 1) as a proxy for 

their potential seed shadows, and assumed that after they consumed fruit, then they could 

defecate the seeds anywhere within their home ranges within 6-8 hr. 

Previous research showed that shorter gut retention times can positively affect the 

germination of seeds consumed by canids, because less exposure of seeds to gastrointestinal 

enzymes reduces seed damage (Howe, 1986; Cypher and Cypher, 1999). Passage rates of seeds 

from meals consisting entirely of fruit are likely to be more rapid due to the presence of laxatives 

in fruit (Murray et al., 1994). Consequently, fruit seeds can have higher germination rates if they 

are deposited in scats consisting almost entirely of fruit seeds (Cypher and Cypher, 1999). 

Therefore, following Cypher and Cypher (1999), we classified scats of each canid species as 

³IUXLW-PeaO´ LI WKe\ cRPSULVed >90% VeedV.  

 

2.4. Defecation sites 
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 In semi-arid habitats, germination of seeds and herbaceous cover was found to be higher 

under canopies compared to open areas because of the microclimates provided by the canopies, 

which includes greater concentrations of organic matter and reduced temperatures and 

evapotranspiration due to the shade (Belsky et al., 1993; Verdú and García-Fayos, 1996). For 

example, in semi-arid savannas of South Africa, fleshy-fruited plants occur predominantly under 

tree canopies, and far less in open areas, because frugivorous birds perch in the tree limbs and 

because the subcanopy microsite conditions are favorable for seed germination and seedling 

establishment (Milton et al., 2007). Therefore, to estimate germination potential of consumed 

seeds in our study, we collected detailed information on the microsites where scats were 

deposited. When walking transects along dirt tracks or collecting scats by dens or resting sites, 

we recorded whether the scats were deposited: 1) on dirt tracks with no shade; 2) on open ground 

with no shade; 3) on a tall tuft of grass with little or no shade, or; 4) under a bush or large shrub 

with shade. We also recorded how many scats were deposited at each defecation site. We 

classified defecation sites as having no germination potential if they were deposited on dirt tracks 

where they were easily trampled by vehicles or wildlife, low germination potential if they were 

deposited on open ground (not including dirt tracks) and tufts of grass, and high germination 

potential if they were deposited under bushes or shrubs with shade. Although the shade provided 

by bushes and shrubs likely does not have the same favorable microclimates for seed 

germination as trees with larger canopies, we assumed they were more favorable to seed 

germination than open ground. Scats in open ground were more visible that scats on or beneath 

small shrubs, which could have biased our results. However, to reduce this bias we thoroughly 

searched all small shrubs and bushes along our scat transect lines. Additionally, most dens and 
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day rest sites of the foxes were in thick vegetation to aid their concealment, thus we thoroughly 

searched both barren ground and small shrubs and bushes at these sites as well. 

 

3. Results 

 On Benfontein, we collected 133 cape fox scats, 177 bat-eared fox scats, and 312 jackal 

scats. All canid species consumed fruit of Diospyros lycioides (bluebush) in every season, 

although frequency of consumption peaked in different seasons for each canid species: summer 

for bat-eared foxes, autumn for jackals, and winter for cape foxes (Table 2, Fig. 1). Overall, bat-

eared foxes consumed D. lycioides fruit most frequently (14-42% of scats across seasons), 

followed by cape foxes (5-18%) and jackals (5-16%; Table 2). Jackals, but neither fox species, 

consumed Prosopis fruit, with peak consumption in summer (Table 2, Fig. 1). No other species 

of fruit plants were detected in scats. Based on home-range sizes, the potential seed shadow was 

highest for cape foxes, followed by jackals and bat-eared foxes (Table 1). 

 On Rooipoort, we collected 522 scats from black-backed jackals, but none from either 

fox species. Jackals consumed at least three fruit species on Rooipoort, and frequency of 

consumption peaked in different seasons for each fruit: Grewia flava (velvet raisin or 

brandybush) in summer, Diospyros lycioides in autumn, and Ziziphus mucronata (buffalo thorn) 

in winter (Table 2, Fig. 2). The most frequently consumed fruit on Rooipoort was Z. mucronata 

(9-82% across seasons), followed by G. flava (3-46%) and D. lycioides (4-40%; Table 2, Fig. 2). 

 On Benfontein, when taking into account daily food intake and canid densities, the 

annual consumption of fruit per area was 52.2 kg/km2 for bat-eared foxes (3.4-22.6 across 

seasons), 5.5 kg/km2 for jackals (0.3-3.0 across seasons), and 0.5 kg/km2 for cape foxes (<0.1-0.3 

across seasons; Table 2). Overall, jackals on Benfontein consumed similar amounts of Prosopis 
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(2.9 kg/km2) and Diospyros lycioides fruit (2.6 kg/km2) annually per area (Table 2). On 

Rooipoort, the annual consumption of fruit per area was 48.8 kg/km2 for jackals (3.4-20.5 across 

seasons; Table 2). Overall, jackals on Rooipoort consumed 4-5 times as much Ziziphus 

mucronata fruit annually per area (32.3 kg/km2), than either Grewia flava (8.8 kg/km2) or D. 

lycioides (7.6 kg/km2; Table 2). 

 For cape foxes, 50.0% of scats containing Diospyros lycioides seeds were fruit-meals, 

whereas for bat-eared foxes only 28.3% of scats containing D. lycioides seeds were fruit-meals. 

For jackals on Benfontein, fruit-meals comprised 48.1% of scats containing D. lycioides seeds, 

and 63.3% of scats containing Prosopis seeds. For jackals on Rooipoort, fruit-meals comprised 

37.7% of scats containing D. lycioides seeds, 52.1% of scats containing Ziziphus mucronata 

seeds, and 53.4% of scats containing Grewia flava seeds. 

 Of all the cape fox scats collected, 51.1% were classified as no germination sites because 

they were deposited on dirt tracks where seeds could be trampled by vehicles and wildlife. The 

remaining cape fox scats (48.9%) were classified as poor germination sites because they were 

deposited on open ground near their den sites or resting sites. All defecation sites of cape foxes 

contained a single scat. Of all the bat-eared fox scats collected, 100% were classified as poor 

germination sites because all were deposited on open ground near den sites or resting sites. All 

defection sites of bat-eared foxes contained single scats, although there were often multiple 

single scats deposited over small areas near group resting sites. Of 384 jackal scats, 51.6% were 

classified as good germination sites because scats were deposited on bushes or shrubs, typically 

near dirt tracks or trails. Scats deposited on bushes or shrubs eventually fell to the ground, where 

the fruit seeds were provided shade. The remainder of the jackal scats were classified as poor 

germination sites (27.9%) because they were deposited on tufts of grass, or no germination sites 
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(19.5%) because they were deposited on dirt tracks. The defecation sites of jackals consisted of 1 

scat (72.7%), 2 scats (18.2%), 3 scats (9.1%), or 4-8 scats (4.4%). 

 

4. Discussion 

 Both fox species and jackals consumed Diospyros lycioides berries on Benfontein 

throughout the year, indicating all three canid species are potential dispersers of this fruit. 

Previous research also showed that all three canid species frequently consumed D. lycioides 

berries (Kok, 1996). Reasons for the different seasonal peaks in consumption among canids on 

Benfontein were unclear, but may have been related to periods of fruiting and availability of 

main prey. Previous research on canids showed that consumption of fruits typically peaked when 

fruits were most ripe (Chavez-Ramirez and Slack, 1993; Kamler et al., 2002, 2007, 2014; 

Murdoch et al., 2009). In southern Africa, D. lycioides starts fruiting in mid-summer and peaks 

in autumn (Mujuru, 2011), at which time ripe berries commonly fall on the ground. However, 

some old berries of D. lycioides can stay on the tree till spring (Mujuru, 2011), which helps 

explain why D. lycioides berries were consumed year around by all three canid species. 

Nevertheless, it appears that jackals most frequently consumed D. lycioides during the peak 

fruiting season in autumn. For bat-eared foxes, their main prey on Benfontein was northern 

harvester termites (Hodotermes mossambicus; Klare et al., 2011), whose peak availability is 

autumn and winter (Coaton, 1958). Thus, consumption of D. lycioides berries may have peaked 

in summer for bat-eared, just as this shrub was beginning to fruit, because their main prey was 

less available during that season. Similarly, D. lycioides berries may have been important buffer 

food for cape foxes in winter, when small rodents, their main prey (Klare et al., 2011), were 

presumably less available. 
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 Prosopis fruit was consumed by jackals, but not foxes, on Benfontein, indicating that 

only jackals are potential dispersers of this species on our study site. Reasons for species-specific 

consumption of Prosopis fruit by canids was not clear, but could have been due to dietary 

preferences (Macdonald, 1977). For example, within the native range of P. glandulosa in North 

America, previous research showed that coyotes consumed P. glandulosa fruit but sympatric kit 

foxes (Vulpes macrotis) did not (List et al., 2003), perhaps indicating that medium-sized Canis 

species likely have a higher preference for this fruit compared to foxes. On Benfontein, jackals 

consumed Prosopis fruit primarily in summer, when this species fruits, and rarely consumed it 

during other seasons, in contrast to Diospyros lycioides. Interestingly, we did not detect 

consumption of native Acacia spp. (A. tortilis and A. erioloba) by jackals on Benfontein, even 

though both Acacia and Prosopis species were relatively common on Benfontein. In South 

Africa, alien invasive Prosopis appears to be transforming savannas by overtopping native trees 

such as Acacia, with birds acting as major dispersers of Prosopis (Milton et al., 2007; Shackleton 

et al., 2015). Our results indicate that jackals are probably major dispersers of Prosopis, and the 

preferential consumption of Prosopis by jackals might be helping to give Prosopis a dispersal 

advantage over Acacia, possibly due to the greater edibility or palatability of Prosopis fruit and 

pods. 

 On Rooipoort, jackals consumed more fruits throughout the year, and consumed more 

fruit species, compared to Benfontein. These differences were likely due to habitat, as Rooipoort 

is dominated by bushveld habitat, whereas Benfontein is dominated by Nama Karoo. Different 

seasonal peaks in consumption by jackals likely reflected the different peak fruiting seasons for 

each species. Consumption of Prosopis by jackals was not detected on Rooipoort because this 

alien invasive had not yet colonized this site. Jackal consumed more Ziziphus mucronata 
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compared to the other fruits, as frequency of consumption was >70% during autumn and winter, 

whereas frequency of the other fruits were 3-46% throughout the year. Although previous studies 

showed that jackals sometimes consumed Z. mucronata fruit (Kok, 1996; Kaunda and Skinner, 

2003), our study is the first to show that Z. mucronata fruit was a major part of the jackal diet. 

Similarly, our study is the first to show such high consumption of Grewia flava fruit by jackals, 

although consumption of Grewia spp. fruit in small amounts was reported in previous studies 

(Bothma, 1966, 1971; Kok, 1996; Kaunda and Skinner, 2003). In Botswana, Kaunda and Skinner 

(2003) found jackals consumed Grewia spp. fruit in most seasons, and suggested that jackal 

defecation activities were contributing to the dispersal of this species on a nature reserve. In 

South Africa, Z. mucronata, G. flava, and Diospyros lycioides are all considered encroaching 

woody species (Mureva and Ward, 2016; Madibo, 2017), thus the high consumption of these 

fruits by jackals might be helping to disperse and spread these species in semi-arid areas of the 

country. Although Acacia spp. were more common on Rooipoort than Z. mucronata, G. flava, 

and D. lycioides (Bezuidenhout, 2009), Acacia tortilis seeds were found in only 2 of 522 jackal 

scats, and only comprised 5% of those scats. This indicates that Acacia seeds are seldom 

consumed by jackals, even when Acacia spp. are relatively abundant, and that jackals might be 

giving a dispersal advantage to Z. mucronata, G. flava, and D. lycioides over Acacia. 

 The seed dispersal potential of cape foxes appeared to be lowest among all three canid 

species. Although cape foxes had the largest potential seed shadow, this species had the lowest 

density and lowest consumption of fruit per area. Additionally, all cape fox scats that we 

recorded were deposited on either trails or open ground, where seeds had no or low germination 

potential, respectively. Bat-eared foxes appeared to have moderate seed dispersal potential, 

because this species they had the highest density and high consumption of fruit per area. 
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However, bat-eared foxes had the smallest potential seed shadow. Additionally, only 28% of bat-

eared fox scats containing seeds were fruit-meals. The latter suggests that Diospyros lycioides 

seeds in bat-eared fox scats potentially had lower germination rates compared to cape foxes and 

jackals, both of which had higher frequencies (48-50%) of D. lycioides fruit-meals. Furthermore, 

bat-eared fox scats we recorded were deposited on open ground where seeds had low 

germination potential. 

 Jackals had the highest seed dispersal potential of all canid species, although there were 

differences between sites. On Benfontein, jackals had only moderate potential seed shadow. 

However, jackals went on nightly extraterritorial forays more often than foxes (up to 20% of the 

time), and much further than foxes (up to 8 km from home range boundaries; Kamler et al. 

2019), indicating jackals might have had the largest potential seed shadow in our study, despite 

their moderate home-range size. Our results are consistent with previous research in southern 

Africa, which showed that jackals moved on average 12 km per day (Furguson et al., 1983), and 

that jackals can deposit scats up to 30 km from where the meals were consumed (Jenner et al., 

2011). Compared to foxes, jackals on Benfontein had moderate densities and moderate 

consumption of fruit per area. In contrast, on Rooipoort, jackals had higher densities and high 

consumption of fruit per area. On both sites, most jackal scats were deposited on bushes and 

shrubs where fallen seeds had some shade and protection and presumably high germination 

potential. Our results were consistent with previous research that showed black-backed jackal 

defecate on elevated conspicuous objects, including tufts of grass, large rocks, and elephant 

dung, to amplify their territorial markings (Ferguson et al., 1983; Hayward and Hayward, 2010). 

This is in contrast to coyotes and some fox species that defecate on dirt tracks and other flat open 

areas (Chavez-Ramirez and Slack, 1993; Schupp et al., 1997; Kamler et al., 2002, 2007), 
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although red foxes often mark on elevated conspicuous objects (Macdonald, 1980). In the 

absence of elephant dung and large rocks, jackals on our study sites preferentially defecated on 

bushes and shrubs, apparently because these were some of the only elevated surfaces that were 

available. This marking behavior may have inadvertently provided consumed fruit seeds with 

favorable germination sites, because seeds that fell from scats were provided shade. 

Additionally, 27% of scats were deposited with other scats in latrines or middens (Macdonald, 

1979), suggesting many seeds had additional nutrients for growth provided by the dung (Howe 

and Smallwood, 1982). However, further research is needed to test whether the microsites of 

jackal defecations have higher seedling survival compared to open ground.  

 A major limitation of our study is that we did not determine germination rates of seeds in 

the scats deposited by foxes and jackals, thus the ultimate fate of the consumed seeds was 

unknown. Therefore, our results should be viewed with caution because we can only describe 

seed dispersal potential, and not the actual germination success of the dispersed seeds. Previous 

research showed that seeds from fleshy fruits germinated from bat-eared fox scats (Milton and 

Dean, 2001) and we observed seedlings germinating from some of the jackal scats we collected, 

indicating germination of consumed seeds did occur in our study site. Additionally, germination 

of seeds in canid scats has been investigated in several previous studies. In general, the pulp 

removal and seed scarification that occurs when canids consume fruit has been shown to improve 

germination rates or increase seedling quality over non-consumed seeds (Juan et al., 2006; 

Varela and Bucher, 2006; Cazetta and Galetti, 2009; Rosalino et al., 2010; Rebein et al., 2017; 

Escribano-Avila, 2019) although results can vary depending on the fruit species (Cypher and 

Cypher, 1999). And in contrast to ungulates (Bodmer, 1991), seeds consumed by canids are 

generally defecated whole, because very few are destroyed during mastication and digestion 
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(Herrera, 1989; Chavez-Ramirez and Slack, 1993). Additionally, we found that most scats of 

jackals and cape foxes that contained seeds were fruit-meals, indicating that passage rates of 

seeds through the gastrointestinal tracts were relatively fast (Murray et al., 1994) which also 

promotes higher germination rates (Cypher and Cypher, 1999). Regardless of differences in 

germination rates between consumed and unconsumed seeds, a greater advantage provided by 

the canids was likely the movement of seeds away from the parent plant because this action 

alone provides significant benefits to seeds (Traveset and Willson 1997; Cypher and Cypher, 

1999), such as reducing competition with parent plants and siblings, and reducing potential for 

inbreeding (Howe and Smallwood, 1982). Thus, jackals and foxes might be ideal dispersers for 

several fruit plants in semi-arid regions of South Africa. Other sympatric carnivores appear to be 

less well adapted for dispersing seeds in the region, because small and medium-sized felids do 

not consume fruit at all (Bowland and Perrin, 1993; Herbst and Mills, 2010; Braczkowski et al., 

2012; Kamler et al., 2015), and aardwolves (Proteles cristata) consume much less fruit than 

foxes and jackals (Kok, 1996). Smaller carnivores such as herpestids, viverrids, and mustelids 

sometimes, but not always, consume fruit in South Africa (du Toit, 1980; Avenant and Nel, 

1997; Larivière, 2002), but their smaller body sizes (0.4-3.3 kg) and corresponding smaller home 

ranges (0.1-2.8 km2; Maddock, 1988) preclude them from consuming large amounts of fruit per 

area and having large seed shadows, at least compared to canids. Other mammals that might be 

important dispersers of fruit plants are primates, such as chacma baboons (Papio ursinus; Slater 

and du Toit, 2002; Tew et al., 2018), but their numbers are relatively low or absent in most of the 

semi-arid habitats of South Africa (Skinner and Chimimba, 2005). 

 Cape foxes, bat-eared foxes, and jackals have occupied southern Africa for at least 2.5 

million years, and possibly up to 5 million years ago (Kamler et al., 2012). Therefore, it is 
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possible that coevolutionary relationships developed between native fruit plants and these canid 

species, especially given the extent to which fruit seeds were consumed and moved over large 

areas by these canids. However, pair-wise coevolution between specific fruit plants and animal 

dispersers is relatively rare (McKey, 1975; Howe, 1986; Cypher and Cypher, 1999) and 

consequently seeds of fleshy fruit plants are usually dispersed by a suite of animal species (Howe 

and Smallwood, 1982). For example, in North America dispersal relationships between plants 

and animals are usually unspecified, although generalist feeders such as coyotes can became 

major and important dispersers for several different fruit plants (Willson, 1993). The same is 

likely true in southern Africa, where jackals and cape foxes are generalist feeders (Klare et al., 

2010, 2014), yet it appears that they are important dispersers for several fruit plants when fruits 

are consumed in high quantities. The bat-eared fox is a specialized feeder on termites, for which 

it has several unique adaptations (Klare et al., 2011), although this species, too, appears to be an 

important disperser for fruit plants when they consume fruits as buffer food in high quantities. 

 

5. Conclusions 

 In semi-arid savanna and shrubland of South Africa, seed dispersal of fruit plants by 

foxes and jackals is probably more significant than previously thought, especially given that bat-

eared foxes and jackals each consumed and dispersed about 50 kg of fruit/km2. Compared to 

other mammalian species in semi-arid habitats, canids, especially jackals, attain relatively high 

densities, consume relatively large amounts of fruits, and have relatively large home ranges and 

movements, all of which facilitates dispersal of seeds from fruit plants. Additionally, the 

microhabitat of most defecation sites of jackals would seemingly promote germination of seeds. 

Similar to that concluded for coyotes in North America, jackals potentially are the most 
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important seed dispersing mammal of semi-arid regions of South Africa, especially in areas 

where large carnivores have become extirpated and jackals are abundant and dominant predators. 

Consequently, jackals likely are important for the regeneration of several native fruit plants in 

South Africa, and their selective consumption of Prosopis fruit might be facilitating the spread of 

this alien invasive plant in semi-arid savannas and shrublands. 
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Table 1 

Ecological parameters of the cape fox (Vulpes chama), bat-eared fox (Otocyon megalotis), and 

black-backed jackal (Canis mesomelas) studied on Benfontein Nature Reserve and Rooipoort 

Nature Reserve, South Africa, that were relevant for determining their potential to disperse seeds 

of fruit plants. n = sample size used to calculate mean 

______________________________________________________________________________

                                  Mean adult     Mean home-range           Density 

     Species                 body mass (kg)            size (km2)a   (individuals/km2) 

______________________________________________________________________________ 

Benfontein 

     Cape fox       2.9 (n = 11)b         27.7 (n = 5)b         0.05b 

     Bat-eared fox      3.7 (n = 7)b           5.0 (n =  6)b  1.07b 

     Black-backed jackal 9.0 (n = 11)b           8.6 (n = 14)c  0.33b 

Rooipoortd 

     Black-backed jackal ---            ---   0.43e 

______________________________________________________________________________ 

a Calculated using 95% minimum convex polygon method. 

b From Kamler et al., 2012. 

c From Kamler et al., 2019. 

d Cape foxes were not detected and bat-eared foxes had extremely low densities on Rooipoort, 

therefore these species were not studied on this site. The density of jackals was determined on 

Rooipoort, but this species was not captured and radio monitored. 

e From Klare et al., 2010.
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Table 2 

Fruit consumption expressed as frequency of occurrence per scat (Occ), percentage of scat volume (Vol), percentage of ingested 

biomass (Bio), and kg of fruit consumed per km2 (Kg) of the cape fox (Vulpes chama), bat-eared fox (Otocyon megalotis), and black-

backed jackals (Canis mesomelas) on Benfontein and Rooipoort nature reserves, South Africa (n = number of scats analyzed). 

____________________________________________________________________________________________________________ 

a See Klare et al., (2014) for methodological details of the scat analysis for cape foxes. Too few cape fox scats (n < 15) were collected 

in summer, therefore this season was omitted from analyses. 

b See Klare et al., (2011) for methodological details of the scat analysis for bat-eared foxes. 

        Spring          Summer          Autumn             Winter  

Species ± site Occ Vol Bio Kg  Occ Vol Bio Kg  Occ Vol Bio Kg  Occ Vol Bio Kg 

Cape fox: Benfontein (n = 133)a                    

          Diospyros lycioides 4.5 1.3 0.3 <0.1  --- --- --- ---  10.8 2.8 2.0 <0.1  18.4 14.0 31.3 0.3 

Bat-eared fox: Benfontein (n = 177)b                    

          Diospyros lycioides 20.4 2.5 11.0 3.4  41.9 23.7 62.7 19.2  39.0 29.8 73.6 22.6  13.6 6.2 23.1 7.1 
Jackal: Benfontein (n = 312)c                    

       Diospyros lycioides 11.2 4.0 1.5 0.3  5.4 2.2 0.8 0.2  15.8 14.4 6.8 1.5  9.7 5.1 2.3 0.5 
   Prosopis spp. 0.0 0.0 0.0 0.0  27.0 22.7 12.3 2.8  3.5 1.9 0.6 0.1  1.1 0.0 0.0 0.0 
   Other (unidentified) 4.5 0.0 0.0 0.0  1.4 0.0 0.0 0.0  5.3 0.0 0.0 0.0  5.4 0.0 0.0 0.0 

Jackal: Rooipoort (n = 522)c                    
   Diospyros lycioides 19.0 4.5 3.0 0.9  4.2 2.9 1.4 0.4  39.8 24.6 19.4 5.8  8.3 3.1 1.6 0.5 
   Ziziphus mucronata 32.0 8.4 5.6 1.7  9.3 5.0 3.9 1.2  71.5 52.9 47.2 14.1  81.8 60.4 51.3 15.3 
   Grewia flava 20.0 4.2 2.7 0.8  45.8 37.0 24.9 7.4  5.7 3.3 1.8 0.5  2.8 0.1 0.2 0.1 
   Other (unidentified) 10.0 0.1 0.0 0.0  2.5 0.1 0.1 <0.1  15.4 0.1 0.1 <0.1  7.2 0.1 0.1 <0.1 
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c See Klare et al., (2010) for methodological details of the scat analysis of black-backed jackals. 
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Fig. 1. Frequency of occurrence of seeds from fruit plants in the scats of cape foxes (Vulpes 

chama), bat-eared foxes (Otocyon megalotis), and black-backed jackals (Canis mesomelas) on 

Benfontein Nature Reserve, South Africa. For cape foxes and bat-eared foxes, only seeds of 

Diospyros lycioides were consumed, whereas jackals consumed both D. lycioides (solid grey bar) 

and alien invasive Prosopis spp. (hashed grey bar). TKe ³*´ LQdLcaWeV daWa ZeUe not included for 

cape foxes in summer because of a low sample size. 

 

Fi. 2. Frequency of occurrence of seeds from different fruit plants in the scats of black-back 

jackals (Canis mesomelas) on Rooipoort Nature Reserve, South Africa.  



Highlights 
 

x Foxes and jackals consumed large amounts of wild fruit in South Africa 
x Jackals had a higher seed dispersal potential than foxes 
x Seed dispersal potential of South African canids is greater than previously known 
x Canids likely assist the regeneration of fruit plants in semi-arid habitat 

*Highlights (for review)
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