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Farmers in the northern, communally managed parts of the Succulent Karoo, an arid rangeland system in South 
Africa, historically used donkeys and horses for transport and ploughing. With increasing mechanisation, draught 
animal power has largely been replaced by machines. Yet, donkeys and horses have been maintained in the agricul-
tural landscape in small feral and semi-feral herds. Research has shown that they compete directly with produc-
tive livestock (mostly sheep and goats) for forage resources, contributing little to the local economy. Local farmers 
identify the presence of feral donkeys and horses as one of the primary challenges in maintaining sustainable 
grazing regimes on their land. However, records of the number of animals roaming the rangelands are scarce and 
anecdotal. We therefore conducted a combination of aerial, ground, and social surveys to estimate the minimum 
population size and potential grazing impact of the donkey and horse population in two communally farmed sites 
in the Succulent Karoo. We show that, in the representative sites surveyed, there are at least 376 equines (274 
donkeys and 102 horses), representing approximately the equivalent of 2 228 sheep and goats, and consuming 
~8% of the potential grazing available for productive livestock in these areas. This could represent a significant lost 
opportunity cost for local farmers in the region.
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The Succulent Karoo, one of the world’s only two arid biodiver-
sity hotspots (Myers et al. 2000), covers approximately 
116 000 km2. Agriculture, predominantly extensive grazing with 
sheep and goats, is the primary land use. Although overgrazing 
in the region has had measurable negative impacts (Archer 
2002; Thompson et al. 2009; Todd and Hoffman 2009), 
livestock farming is potentially sustainable and makes a 
valuable contribution to local livelihoods (Archer et al. 2008).

Historically, donkeys (Equus africanus asinus) and 
horses (Ferus caballus) were used in the Succulent Karoo 
for ploughing and transport (Boonzaier et al. 1996; Cupido 
and Samuels 2009). Because dry land cultivation has drasti-
cally decreased, and farmers now tend to use vehicles 
for transport, equines are currently used to a much lesser 
extent. Nonetheless, they remain a feature of the landscape. 
As in other parts of the world (Ransom and Kaczensky 
2016), equines persisting in a feral or semi-feral state 
present a management challenge. Donkeys, particularly, 
are well adapted to arid environments (Kasirer-Izraely et al. 
1994; Aganga and Tsopito 1998), and recommendations to 
reduce feral donkey populations in the Succulent Karoo were 
reported in South African statutes as early as the mid-1940s.

Samuels et al. (2008) and Vetter (1996) both found that the 
feeding behaviour of donkeys in the area has the potential 
to negatively affect forage availability for other domesticated 
herbivores. Samuels et al. (2015) conducted field observa-
tions of foraging behaviour across a range of livestock and 

found that dietary overlap between donkeys, sheep, and goats 
is high throughout the year. Additionally, donkeys foraged 
primarily in previously cultivated lands (Samuels et al. 2016) 
and riverine habitats (Vetter 1996), productive areas also used 
for livestock grazing. Although there have been no local 
studies on the feeding ecology of feral horses, they have been 
studied extensively elsewhere (Ransom and Kaczensky 
2016) and horses have been found to compete with 
livestock for forage resources in some cases.

Local farmers have repeatedly identified the presence 
of feral donkeys as among the primary challenges they 
face in maintaining sustainable and productive agricultural 
regimes on their land (Bourne and Muller, unpublished. 
data). Horses are generally rare on communal lands in 
the area but were prominent in one of the two sites we 
worked in, with large numbers of the population appearing 
to be feral (Muller and van der Merwe, unpublished data). 
Current records of the number of donkeys and horses are, 
however, scarce and mostly anecdotal. We undertook to 
determine the minimum population size of equines in two 
communal rangelands in the Succulent Karoo and estimate 
the potential impact of these animals on grazing resources.

Methods

The two study sites were the Steinkopf commonage, 
between 28°59′26′′ S and 29°12′52′′ S and 17°41′28′′ E 
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and 18°13′11′′ E and the Leliefontein commonage 
between 29°58′ 59′′ S and 30°30′09′′ S and 17°52′37′′ E 
and 18°24′34′′ E (Figure 1). In Steinkopf, vegetation is low 
and scrubby with trees confined to occasional river beds 
(Desmet 2007). In Leliefontein, the terrain is mountainous 
and the higher altitude with vegetation taller and more 
dense (Desmet 2007).

We used four survey methods to estimate the number 
of equines on each site. The first method was an aerial 
survey, conducted in October 2013 (Steinkopf) and 
October 2014 (Leliefontein), using flight paths created in 
ArcGIS 10.1 (ESRI) and following the method described 
by Caughley et al. (1976). We used a handheld Garmin 
eTrex 30 for navigation and a four-seat Dakota Piper 
(PA28-236) to conduct the survey. Two independent rear 
seat observers (one seated to the right and the other to 
the left of the aircraft) recorded the number of observed 
horses and donkeys in each transect on paper data sheets 
(Leliefontein and Steinkopf) and a handheld Garmin eTrex 
30 (Leliefontein only), as described by Laake et al. (2008) 
and Lubow and Ransom (2016).

The planned transect width (x) was 2.5 km and it was 
recalculated after the flights as:

 

 

 

x = √y2+z2  

where y is the height of the rear seat observer’s eye from 
the wing base and z is 75% of the wing length. Transects 
were oriented to ensure the minimum number of parallel 
transects over the study area (Steinkopf: north-south, n = 
11; Leliefontein: east-west, n = 12; Figure 2). 

Distances between transects flown averaged 2.55 km 
(Steinkopf) and 4.93 km (Leliefontein). Large deviations 
from the planned transects in Steinkopf (Figure 2) occurred 
as a result of strong crosswinds encountered at the edge 
of the escarpment, where we experienced sudden drops 
in altitude of up to 500 m. These steep cliffs were not 
occupied by donkeys and horses (H Muller H, pers. obs.) 
and therefore were unlikely to have affected the counts. 
Visibility differed between the two sites. In Steinkopf, 
observers could clearly see smaller animals, such as 
sheep and goats, from the air. However, in Leliefontein, 
visibility was poorer. Survey times were limited (Steinkopf = 
3.9 h, Leliefontein = 3.6 h) to reduce the risk of observer 
fatigue influencing the counts (Ransom 2012). We flew at 
100 m above ground level, at approximately 200 km h−1 
airspeed and covered 458.3 km in Steinkopf and 295 km 
in Leliefontein. We conducted both aerial surveys on clear 
days in the late morning, in order to reduce the impact 
of weather factors and sun angle on visibility, following 
Ransom (2012).

The second method was a daytime road survey (RS), 
used only in Leliefontein (RS1 in October 2014 and RS2 
in June 2018), owing to the more challenging terrain and 
reduced visibility of donkeys and horses from the air. The 
RS involved driving a vehicle along all minor dirt roads 
connecting the five main human settlements throughout the 
survey area. This was effectively convenience sampling, 
used only to confirm observations from the aerial survey, 
because it was not possible to refly the transects. Two 
observers recorded all sightings of donkeys and horses 

on paper data sheets and the Garmin eTrex30, covering 
110.5 km and recording all donkeys sighted within 3.5 km 
of the edge of the road.

The third method was structured social surveys (Bryman 
2015), where farmers from the Ikosis section of Steinkopf 
(April 2013, n = 24) and the Leliefontein town section 
of Leliefontein (July 2014, n = 35) were asked about 
household incomes, local employment opportunities, and 
the number of livestock, including donkeys and horses, 
that they owned. In Steinkopf, where we worked with 
farmers specifically to manage feral equine populations, 
farmers were also asked how donkeys and horses were 
important to them. We compared reported equine popula-
tions with numbers of animals observed during aerial and 
road surveys by subsampling aerial and road surveys to 
correspond to the geographic area where we conducted the 
social surveys.

Finally, in Leliefontein, where we worked with farmers on 
grazing management and stocking rates, community-based 
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Figure 1: Location of the Steinkopf and Leliefontein study sites in 
South Africa (dark grey shading indicates the location within the 
larger study sites from which farmers were selected for interviews).
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Figure 2: Maps of equine counts for Steinkopf (aerial) and Leliefontein (aerial and road). Panels a and b show the flight paths for the aerial 
counts in Steinkopf and Leliefontein respectively (grey lines vary in thickness according to the number of donkeys and horses counted along 
each transect flown). The location and group size of all donkeys observed from the air (grey filled circles of varying size) are shown in panel 
b. Panels c and d show the routes taken for the road surveys in October 2014 and June 2018, respectively, (dotted line) and the location and 
group size of all donkeys observed (grey filled circles varying in size according to the number of donkeys and horses counted at each point).
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monitors visited each stock post on foot and counted 
all livestock on a monthly basis, including donkey and 
horses. We present data from October 2014 (Count 1) to 
correspond with the timing of RS1.

In order to estimate the population size of donkeys and 
horses in the surveyed areas, we used a minimum popula-
tion number approach (Champion and Downs 2017) rather 
than a preferable population or population density estimate 
(Borchers et al. 2006; Laake et al. 2008; Lubow and Ransom 
2016). The reason is that we: i) lacked coordinates for equine 
sightings in Steinkopf, ii) had imperfect data on detection 
rates and uneven usage of the surveyed area by equines, 
and iii) were only able to fly over each location once. The 
use of a minimum count approach represents a limitation of 
our study (Anderson 2001) likely to result in: i) an underesti-
mate of the true population size, and consequently the scale 
of the problem, ii) limited usefulness of the data for making 
inferences about the population, and iii) an inability to assess 
the precision of our estimates. Rather than making unfounded 
assumptions to estimate population density we have used up 
to four different surveying methodologies spanning several 
disciplines to verify our counts.

In order to estimate the minimum potential impact of 
donkeys and horses on grazing resources, the potential 
grazing capacity (ha required to sustain one Large Stock 
Unit (LSU) for a year without degrading the rangeland; 
ha LSU−1) for each study area was calculated using the 
national potential grazing capacity map (see Bourne et 
al. 2017). One LSU is defined as an ox weighing 450 kg, 
ingesting 10 kg of dry matter per day (average digestibility 
55–65%), growing at the rate of 500 g per day. Donkey 
and horse counts were converted into LSU by applying 
LSU equivalency values derived from Table 2 in the 
Government Notice R. 2687 of 6 December 1985, South 
Africa. Distinguishing between sexes, sizes and breeds of 
individuals, parameters ordinarily used in such equivalency 
calculations, was not possible during the aerial counts. 
Therefore, to ensure that all variability was included in the 
calculations, an average of the relevant LSU equivalency 
values was used. A conversion factor (CF) for adult larger 
ponies and donkeys of 0.68 and a CF for adult light horses 
and mules of 0.99 (average CF = 0.83) were used for the 
conversion calculations. Values for LSU equivalency were 
converted to small stock units (SSU) for economic impact 
analyses (SSU equivalent to sheep and goats, Department 
of Agriculture, CF = 7.14).

Results

In Steinkopf, we counted 247 equines (donkeys = 145, 
horses = 102) across 11 aerial transects. One third of 
farmers interviewed in Ikosis owned horses and/or donkeys 
(71 donkeys and horses altogether). During the aerial 
survey, we recorded 72 donkeys and horses altogether 
in the Ikosis area (1.4% greater than the number recorded 
from interviews). Sightings in Steinkopf were concentrated 
along transects that intersected with cultivated or previously 
cultivated areas and human settlements (Figure 2). On 
average, individual farmers in Ikosis, Steinkopf owned 179 
(range: 9–800) small livestock. Thirteen farmers (54% 
of those interviewed) reported that donkeys and horses 

were important to them for ploughing and local transport, 
and for indicating good grazing and water availability. One 
respondent also gave a cultural reason for valuing donkeys, 
saying “donkeys are the animal of Jesus”. Half of the 
respondents would be prepared to sell them.

In Leliefontein, we counted 60 donkeys during the aerial 
survey, 129 donkeys during RS1, 99 donkeys during RS2, 
and 0 horses during any direct observation. Using the 
highest number of donkeys observed during a survey, the 
minimum population of donkeys for Leliefontein was 129, 
recorded during RS1. Four farmers (11%) from Leliefontein 
town reported that they owned donkeys (n = 15 donkeys), 
in agreement with the highest number of donkeys counted 
by an observer in the Leliefontein town section of the 
surveyed area (n = 15 during Count 1, n = 10 during RS1, 
n = 7 during RS2, n = 9 during the aerial count). Although 
farmers reported that they owned 7 horses, no horses were 
counted by observers using any method. Sightings were 
concentrated close to cultivated or previously cultivated 
areas and human settlements (Figure 2). Indeed, the 
largest numbers of donkeys were within a 5 km radius of 
towns and no donkeys at all were observed in the more 
steep and rugged terrain farther than 10 km from towns. On 
average, individual farmers in Leliefontein town owned 62 
(range 5–313) small livestock.

We calculated a minimum feral and semi-feral equine 
population of 205 LSU equivalent in Steinkopf and 107 
LSU equivalent in Leliefontein. The average grazing 
capacity is 68.0 ha LSU−1 for Steinkopf and 51.7 ha LSU−1 
for Leliefontein. The recommended stocking rate (RSR) 
for the 175 500 ha Steinkopf is 2 581 LSU and for the 
105 999 ha Leliefontein it is 2 050 LSU. The minimum 
number of equines that we counted therefore represented 
an estimated 7.9% of RSR in Steinkopf, and 5.2% of 
RSR in Leliefontein (Table 1). The above LSU equivalent 
converted to a minimum feral and semi-feral equine popula-
tion of 2 228 SSU equivalent. Farmers and local labourers 
in both sites earned approximately ZAR2 500 per month, 
and few households had more than a single breadwinner. 
At an average selling price of ZAR860 (H Muller, unpubl. 
data; ZAR1.00 ≈ USD0.08) per SSU, the 2 021 SSU was 
worth at least ZAR1.9 million at the time of writing.

Discussion

At a minimum, there were 376 feral or semi-feral equines 
on the two sites investigated. These represented roughly 
the equivalent of 2 228 sheep and goats. Most aerial 
counts are subject to some visibility bias (Caughley et 
al. 1976; Laake et al. 2008). Counts from roads and 
waterways tend to underestimate numbers (Champion 
and Downs 2017) and suffer from other problems associ-
ated with convenience rather than probabilistic sampling 
(Anderson 2001). Although some of the survey techniques 
used here were limited, we present estimates of minimum 
population size that were relatively consistent across up 
to four different survey methodologies. Our choice of a 
minimum count method was conservative and will certainly 
have underestimated true donkey and horse popula-
tions (Walter and Hone 2003; Ransom and Kaczensky 
2016). For example, Vetter (1996) estimated the donkey 
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population in Paulshoek (a town in the Leliefontein 
commonage) in the mid-1990s was 50–80, based on veteri-
nary records. In another study (Samuels et al. 2016), the 
size of the donkey population in Leliefontein commonage 
was estimated as in the “hundreds”, but no data or litera-
ture are provided in support of this estimate. We argue that 
even an underestimate could serve as a powerful indica-
tion that feral equines are overabundant in the region and 
therefore pose a management problem.

Donkeys and horses are valued by some communal 
farmers for cultural reasons and for their potential as 
draught animal power. In general, however, they are no 
longer economically productive assets for most communal 
farmers in the Succulent Karoo and have considerable 
overlap with livestock for food and with farmers for produc-
tive agricultural land (Samuels et al. 2016). Feral horses 
have also been shown to compete for forage resources 
with domestic livestock in the United States of America and 
Australia (Ransom 2012). Although dietary overlap does 
not necessarily reflect direct competition (Wingard et al. 
2011), it is a precondition for competition particularly when 
forage resources are scarce, such as during a drought.

A minimum feral and semi-feral equine population of 
2 228 SSU equivalent represents a potentially signifi-
cant opportunity cost for farmers in the region, consuming 
upwards of 5.2% of available natural grazing in what 
is an extremely resource-constrained environment. At 
the average selling price, 2 228 SSU represented a lost 
opportunity for 64 rural families (using an approximate 
annual income of 12 × R2 500 = R30 000 per family).

The true equine population is likely to be larger and the 
proportion of grazing consumed greater than we estimate. 
The presence of equines in at least the numbers estimated 
here could have a negative impact on agricultural produc-
tivity through direct competition for resources. Given 
that overgrazing is one of the main contributors to land 
degradation in the region, stocking lands with unproduc-
tive livestock is unwise and likely to contribute to additional 
degradation. Bourne et al. (2017) have demonstrated 
that a reduction in potential stocking rates on account of 
unchecked degradation can incur significant economic 
costs for livestock farmers over time. This likely holds true 
for a reduction in stocking rates resulting from interspecies 
competition. The numbers of feral donkeys and horses on 
these arid rangelands should be decreased.

We found that the highest population densities of equines 
occurred in relatively close proximity to human settlements 
(<5 km). Although farmers were aware of the number 
of donkeys and horses present on their rangelands, the 
animals range freely in feral or semi-feral herds without 

consistent management. Ensuring that farmers are 
informed that feral and semi-feral equines are kept on the 
commonage at the cost of the available grazing for their 
livestock is a first step towards improved management. 
Direct management activities that could be implemented 
to limit the impact of donkeys and horses on these fragile 
environments include ‘ensuring clear ownership status for 
all donkeys and horses and sourcing markets for the sale 
of donkeys and horses. For those donkeys and horses in 
active work, management options may focus on control-
ling movement through the communal rangeland areas or 
provision of food and water to limit competition with livestock.
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