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A B S T R A C T

Though subsistence pastoralism is the primary land-use throughout much of Africa, lions (Panthera leo) living
outside protected areas are largely overlooked in discussions of pan-African lion conservation. In northwest
Namibia, a unique population of desert-adapted lions has grown by> 400% over the past twenty years. This
growth has primarily taken-place upon communal conservancy land. Human-caused lion mortality following
human-lion conflict (HLC) is now the primary direct threat to the persistence of these lions. HLC exacerbates
challenges faced by pastoralists from an ongoing drought. Our survey is the first-ever attempt to quantitatively
and qualitatively examine local pastoralists' perceptions of the desert-adapted lions and the impacts of living
with lions in northwest Namibia. Results show that losses, due to drought and lions, are differentiated by li-
vestock species and that the magnitude of livestock losses during the drought has been exacerbated by predation.
Respondents in different conservancies reported different levels of hostility towards lions. Across all con-
servancies, though 83.9% do not benefit from living with lions, 75.9% state that it is important to continue to
share communal land with lions. We discuss the cultural and livelihood effects of livestock losses as well as the
implications of balancing the costs and benefits of living with lions for lion conservation.

1. Introduction

In the past twenty-plus years African lions (Panthera Leo) have de-
creased by 43% (Bauer et al., 2016). Recent studies emphasize the
importance of Protected Areas (PAs) as the “backbone of conserved
landscapes” (Bauer et al., 2015b; P. A. Lindsey et al., 2018, p. E10793).
Reviewing lion population densities and population trends across 42
sites in 11 countries, Packer et al. (2013) conclude that lion populations
within fenced reserves are closer to estimated carrying capacity than
unfenced populations. However, PAs are a partial solution to the
challenges facing Africa's lions: only 1/3rd of PAs maintain lions at 50%
carrying capacity (Jacobson and Riggio, 2018). Furthermore, PAs have
been challenged by social justice advocates and researchers for being
dispossessive, exclusionary, and for entrenching economic inequalities
(Brockington, 2002; Dieckmann, 2007; Neumann, 1998). Government
instability, corruption, and funding shortfalls have already put many of
Africa's PAs in peril. Viable alternatives to PAs are an important part of
ensuring the future for lions in Africa.

Subsistence pastoralism is the primary land-use throughout much of
arid and semi-arid Africa, and continued human population growth will

likely increase pressure on rangelands across the continent. If lions and
subsistence pastoralists are unable to coexist, it is likely that lion range
will continue to disappear. A growing body of research examines the
potentials of conserving lions within landscapes shared by subsistence
pastoralists (e.g. Romañach et al., 2007; Hazzah et al., 2014; Dickman
et al., 2014). Among the key threats to lions in places where their range
overlaps with humans and livestock are retaliatory killings following
human-lion conflict (HLC) incidents (Jacobson and Riggio, 2018; P.
Lindsey et al., 2018). Better understanding the drivers of HLC and
implementing mitigation measures to combat HLC have been shown to
reduce lion killings by subsistence pastoralists (Hazzah et al., 2014).

Northwest Namibia is one of the few places where lion numbers
have increased on communal land during the past twenty years (Bauer
et al., 2015b; Stander, 2018). Here, a unique population of desert-
adapted lions has grown from a low of approximately 20 individuals in
1997 to an estimated 180 in 2015 (GRN, 2016; Stander, 2019). Whereas
by the late 1990s, regional lion range had contracted to approximately
7000 km2, these lions now range across> 40,000 km2 (GRN, 2016)
(Fig. A.1). This almost 400% population increase has primarily taken-
place upon unfenced communal conservancy land; a unique
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community-based natural resource management (CBNRM) success story
(Jones, 2010; Owen-Smith, 2010). However, this success has been ac-
companied by HLC. Since 2000, human-caused mortalities have ac-
counted for 80% of adult lion mortalities, and 100% of sub-adult (non-
cub) lion mortalities, with the knock-on effect that HLC mortalities
disproportionately target males, skewing the population's sex-ratio to
5.4 females per male (Stander, 2018). As the number one cause of lion
mortality, such preventative and retaliatory killings are an important
challenge facing this population.

Data in the form of ‘Event Books’ (Stuart-Hill et al., 2005) gives an
overview of HLC incidents at a conservancy-wide level, though these
data do not measure the household-level impacts of HLC, nor examine
farmer tolerance for living with lions. In 2017, Namibia's Ministry of
Environment and Tourism (MET) implemented the Human Lion Conflict
Management Plan for North West Namibia (GRN, 2016); our survey is an
outcome of that plan. This survey of farmers living in core lion-range
conservancies was designed and implemented as part of an active,
evidence-based approach to mitigate and ultimately prevent HLC. Our
survey also examines how drought-related livestock losses are com-
pounded by HLC in these conservancies. Northwest Namibia has been
gripped by a region-wide drought, broadly considered to have begun in
2011/12. Early estimates (2012–2013) indicate a 45.8% drop in rainfall
(Schnegg and Bollig, 2016, p. 66). Since the beginning of the drought,
indicator species have substantially declined (Fig. B.1). Among con-
servation practitioners in the region, the drought is thought to have
drastically constrained livelihoods and limited farmer tolerance for
HLC.

This survey is a quantitative and qualitative first step towards better
understanding the impacts of desert-adapted lions on rural livelihoods
in light of drought conditions and the willingness of rural community
members to live with lions in core lion-range conservancies. The costs
and benefits of living with lions were assessed. Costs were assessed in
terms of livestock losses and benefits were assessed in terms of per-
ceived intrinsic and instrumental value that lions provide to re-
spondents. The survey was designed and implemented to meet the
following objectives:

1. Record the effect of the recent drought on households by quanti-
fying livestock losses.

2. Record the effect of predation on livestock over the same period.
3. Estimate the value of livestock lost to all causes, all predators, and

lions in particular.
4. Record household-head perceptions of the benefits received from

living with lions.

Fig. A.1. Lion range expansion in Northwest Namibia, 1995–2015.
Reprinted from NACSO, 2016, 40.

Fig. B.1. Estimated populations of three indicator species, based upon north-
west road-based game count.
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5. Assess household-level willingness to share communal con-
servancies with lions going forward.

1.1. Background

The desert-adapted lion population inhabits the Skeleton Coast
National Park (SCNP) and communal conservancies within and bor-
dering the northern Namib desert. Because the SCNP and communal
conservancies remain entirely unfenced, desert-adapted lions move
relatively freely through the landscape. Historically, lions occurred
throughout northern and central Namibia (Shortridge, 1934). By the
1970s persecution on commercial (white) farmland coupled with in-
creasing availability of firearms within the ‘homelands’(Owen-Smith,
2010) meant that as many as 90% of Namibia's lions were confined to
Etosha National Park (Joubert and Mostert, 1975). This remained the
case throughout the 1980s and 1990s: what few lions persisted in the
northwest outside of Etosha lived a marginal existence, hunting and
scavenging along the Skeleton Coast (Bridgeford, 1985); in one case
even resorting to preying upon people (Reardon, 1986). At its lowest
ebb the northwest population may have been entirely confined to one
mountainous area in the Sesfontein Conservancy (Stander, 2018).

Following Independence in 1990, the Nature Conservation
Amendment Act (No. 5 of 1996) empowered communities inhabiting
communal land to form communal conservancies: officially-registered,
legally-recognized entities to manage natural resources within a de-
fined, community-agreed-upon, jurisdiction. Each conservancy must
pass a constitution for governing environmental affairs and outlining
how benefits from wildlife will flow to members (NACSO, 2015).
Communal conservancies are based upon four pillars of CBNRM: sus-
tainable use as a conservation paradigm, market-based valuing of re-
sources (economic instrumentalism), locals empowered with decision-
making rights (devolutionism), and local, community level ownership
of resources (collective proprietorship) (Jones and Murphree, 2004).
There are currently 83 registered conservancies in Namibia, covering
163,017 km2, and>189,000 residents. About the same time the first
conservancies were registered, an Etosha National Park ranger, Philip
Stander, moved permanently to the northwest to study the local lions.

1.2. Study area

Lions now range across many of northwest Namibia's 36 communal
conservancies, with varying HLC effects. Using more than nineteen
years of satellite and VHF collaring data, in 2017 MET identified four
core lion-range conservancies where HLC is critical (GRN, 2016). Three
conservancies, Anabeb, Puros, and Sesfontein, assented to have farmer
surveys implemented (Fig. C.1, Table A.1). Typical of conservancies in
northwest Namibia, these three areas are characterized by vast, rugged
landscapes, limited population, and erratic rainfall. All three con-
servancies border other communal conservancies as well as land set-
aside for non-consumptive tourism. Anabeb and Sesfontein con-
servancies border the Palmwag Concession – an area set-aside for
wildlife tourism. SCNP makes up the western border of both Puros and
Sesfontein conservancies. Livestock and hunting are prohibited in
Palmwag and SCNP. Each of the three conservancies have contracts for
trophy and own-use hunting. In late 2016, because of concern over
falling wildlife numbers due to the ongoing drought, MET placed a
moratorium on shoot-and-sell hunting, prohibiting conservancies from
shooting game to sell the resulting meat.

Anabeb, Puros, and Sesfontein are among the wealthiest con-
servancies in northwest Namibia, as measured by annual conservancy
income from all sources (NACSO, 2018), and all three fall within the
Sesfontein constituency, where 40% of the population live on ≤US$1/
day and 23% live on<US$0.73/day (GRN, 2012). Nomadic pastor-
alism is the primary source of income, but all three conservancies are
north of a country-wide veterinary fence, colloquially known as the
“Red Line,” that prohibits the exportation of livestock to the country's

premier markets in central and southern Namibia (Bollig and Olwage,
2016; Miescher, 2012). Livelihoods are limited by a marginal economy
that developed during more than a century of German and South
African rule (Bollig, 1998; Owen-Smith, 2010; Rizzo, 2012). The con-
servancies are largely composed of Herero/Himba people, who mi-
grated from central Africa between the 10th and 18th centuries (Borg
and Jacobsohn, 2013), and Damaras who have lived in northwest Na-
mibia even longer (Lau, 1987).

2. Materials and methods

A growing body of literature examines the effects of conflict on local
perceptions of carnivores and livelihoods within rural African com-
munities. Following Dickman et al. (2014) and Hazzah (2006) with
feedback from the Save the Rhino Trust – Namibia, Lion Guardians
(Tanzania and Kenya), and Integrated Rural Development and Nature
Conservation (IRDNC) staff, data were collected using semi-structured
surveys applying techniques of rapid and participatory rural appraisal
(Chambers, 1994). Responses cover six main areas: (i) demographic and
background data; (ii) coarse-grain employment and income-source data
to assess the role of livestock husbandry in household livelihoods; (iii)
household livestock data focusing on four species: cattle, sheep, goats,
and donkeys, including perceived value of livestock and recent live-
stock losses to all causes, including predation; (iv) perceptions of where
lion problems occur, how they can be prevented, and effectiveness of
mediation programs; (v) lion-specific livestock losses and lion conflict
issues; (vi) benefits resulting from and attitudes towards lions. The
semi-structured surveys sought both quantitative and qualitative in-
formation, with respondents encouraged to provide relevant details.
Where appropriate, specific quantitative responses were sought. How-
ever, if respondents were uncertain about numbers – e.g. the number of
cattle they had three years ago – they were asked to estimate. Attitudes
towards lions were surveyed using a series of Likert-scale responses
adapted from a recent Save the Rhino Trust – Namibia survey of re-
gional farmers and herders (Unpublished Survey: Rhino Reporting Final
Survey, Farmers and Herders, 2016).

Surveys were conducted with the assistance of conservancy-em-
ployed environmental resource monitors known as Conservancy Game
Guards, who were requested to identify every livestock-owning
household within the conservancy. Sampling was limited to one re-
sponse per household. Surveys of household heads were performed in
situ in each of the three conservancies at a variety of locations. In each
case we asked for the household representative most familiar with the
household's livestock – this was almost uniformly the senior member of
the household, and always the senior male when present, in keeping
with local custom. Though we did not manage complete coverage –
some household heads were absent – these surveys cover> 80% of li-
vestock-owning households within the three conservancies. No one
refused to participate – respondents generally answered every question,
though in some instances a few questions were missed. Surveys were
administered in the preferred language of the respondent, including
English, Afrikaans, Otjiherero, and Damara and generally took
35–45min. All translations were done by JT. We recognize the diffi-
culty of perfectly rendering survey questions across numerous language
barriers and worked carefully to ensure question and response fidelity.
All responses were recorded on standardized survey forms by JH, and
all surveys were audio recorded on an audio recorder in mp3 format.
Data were entered by JH into Microsoft Excel. Statistical analysis was
performed by JH and CP in Microsoft Excel and using Vassar Stats
statistical computation website (VassarStats, 2018).

To assess livestock losses during the ongoing drought we asked re-
spondents to compare current livestock numbers to numbers three years
earlier. We recognize that losses in a clearly defined three-year window
are difficult to quantify; the general impression was that respondents
were comparing current numbers to pre-drought livestock numbers.
The fluidity of time-scale is not considered problematic: we sought to
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capture trends related to the recent drought; everyone agreed that the
region had been suffering from drought. Respondents were asked to
estimate the value of four livestock species – cow, goat, sheep, and
donkey – on the basis of an average-size adult female. The estimated
value of livestock lost over the past three years, was derived by mul-
tiplying the number lost by the value given by each respondent for that
species. Though this means values were not standardized across
households, we feel this method better conveys the perceived economic
loss. This approach is also necessitated by the lack of access to livestock
markets among farmers in the area, which is part of the ongoing legacy
of colonialism and apartheid (Bollig, 1998; Miescher, 2012; Wolputte,
2013). When a set list of possible responses was available – e.g. “how

common are lion in your conservancy:” a) very common; b) common; c)
rare; or, d) not present – respondents were given the chance to answer
freely. Where responses to questions contained discrete answers – e.g.
“how would you describe the problems you have with lions: none, low,
moderate, or serious?” – these levels were not defined. Surveys allowed
ample space for follow-up discussions and comments. Whenever pos-
sible, comments were noted and used to clarify responses.

3. Results

3.1. Demographics

85 respondents representing 36 different farming areas were inter-
viewed; two respondents provided apparently fantastical responses that
could not be verified and were therefore dropped from analysis. 77.1%
of respondents identified as Herero/Himba and 18% identified as
Damara. The rest were either Owambo or Nama. 78.3% of respondents
were male, and 21.7% were female. When the respondent's age was
known, the mean age given was 50 years old. Of the ten respondents
who did not know their age, nine stated they were over 60 – because
they were receiving government pensions. Among known ages,

Fig. C.1. Core lion-range conservancies surveyed.

Table A.1
Surveyed conservancy background information.

Conservancy Date
gazzetted

Population Area
(km2)

Density Annual rainfall
(mm)

Anabeb 2003 1402 1570 0.893 150–250
Puros 2000 641 3562 0.18 50–150
Sesfontein 2003 1491 2465 0.605 50–150
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respondents ranged from 19 to 83 years. 45.8% of respondents reported
having no formal schooling, though 27.7% had advanced to grade nine
or above. Respondents had lived in their conservancy, or what became
their conservancy, for a mean of 36.6 years. For religious affiliation,
68.7% of respondents identified as Christian, 8.4% identified as prac-
ticing a traditional religion, while 22.9% stated no religious practice.

All respondents reported keeping livestock for personal consump-
tion, 77.1% also sold livestock. 15.7% of respondents reported livestock
as their only source of income. 32.5% receive government pensions; the
same amount receive government assistance for their children (not
mutually exclusive). 37.3% receive at least one salary, primarily as a
conservancy Game Guard or from a nearby tourism operation. 19.3%
have one source of income, 44.6% have two, and 31.3% have three.

3.2. Livestock

Livestock ownership was unevenly distributed and skewed right-
wards for all species, both currently and in the past (Table B.1). The
drought appears to have exacerbated inequalities in livestock owner-
ship: the measure of skewness (Pearson's second skewness coefficient)
reveals that inequality in livestock ownership has increased across three
of the four types of livestock – inequality of goat ownership is some-
what decreased, though still right-skewed.

Concentration of livestock among the wealthiest stock-owners has
risen (Fig. D.1). In many cases, those households among the top five in
cattle ownership are also among the top five in ownership among other
stock species. The heads of such households, particularly those pre-
dominating in cattle, occupy central places in each of the conservancies
and their wealth is well-known in the region.

The drought has greatly affected livestock ownership in the core-
lion range conservancies. The mean size of household cattle, sheep, and
donkey herds has greatly decreased (Table B.1). Other predatory spe-
cies (spotted hyenas, leopards, cheetahs) and lions did not account for
the majority of livestock losses (Table C). Nevertheless, the toll on cattle
and donkey herds by lions in particular has exacerbated losses due to
drought (Table D).

To gauge the value of lost livestock, we asked respondents to esti-
mate the monetary cost (in Namibian dollars) of an average-sized adult
female for each species. The average value given for a cow was US
$468.21 (n=77), US$86.37 for a sheep (n=75), US$109.14 for a goat
(n=79), and US$70.76 for a donkey (n=74) (Table E.1). As with li-
vestock numbers, the values of lost livestock are skewed rightwards,
indicating that the economic losses during the drought were not evenly
distributed.

The mean number of cattle lost per household to all predators over
the past three years was 7.7 (median 4.5; skew 1.036; total: 575). The
mean number of sheep lost to all predators was 14.65 (median 6; skew
1.19; total: 923). The mean number of goats lost to all predators was

34.8 (median 19.5; skew 0.983; total 2784). The mean number of
donkeys lost to all predators was 3.34 (median 3; skew 0.253; total
197). The estimated values of these lost livestock are given in Table E.2.

The mean number of cattle lost to lions over the past three years was
4.32 (median 2; skew 0.895; total 324). The mean number of sheep lost
to lions was 0.2 (median 0; skew 0.405; total 13). The mean number of
goats lost to lions was 1.89 (median 0; skew 0.721; total: 153). The
mean number of donkeys lost to all lions was 2.267 (median 1; skew
0.986; total: 136). The estimated value of livestock lost to lions is given
in Table E.3.

3.3. Perceptions of lions

Responses varied by conservancy as to how common lions are
within a respondents' conservancy (Table F.1). No respondents stated
that lions were absent in their conservancy; one was unsure. Though
respondents were not asked to define what was meant by “very
common,” “common,” etc., recent killings of problem lions in Puros
Conservancy in 2016/17 (Stander, 2017) suggest lion prevalence was
considered relative to past prevalence.

86.7% stated that lions are a serious problem in their conservancy.
There was a weak, though significant correlation between the presence
of lions (“very common,” “common,” or “rare”) and the extent to which
respondents felt lions were a serious problem (R2= 0.3227, F (1,
83)= 3.0877, p < 0.01)

When asked, “do you benefit from lions in your conservancy” 84.3%
responded “no.” However, when asked “is it important to continue to
have lions in your conservancy,” 75.9% of respondents stated “yes.”
There was no significant correlation between benefiting from lions and
feeling they are important to have in the conservancy. When asked why
lions are important, respondents gave varying answers. Categorized
according to intrinsic versus instrumental value of lions, 33.3% stated
that it was important to have lions for their potential instrumental value
– primarily because they could provide the conservancy with benefits
through hunting or tourism. In contrast, 61.9% stated lions were im-
portant for primarily non-instrumental reasons – e.g. so their children
could see lions, or because lions have intrinsic value.

The percentage of cattle lost to lions has a significant effect on
whether or not respondents felt it is important to continue to have lions
in their conservancy (Mann-Whitney Z score=5.66105, n1= n2= 71,
p < 0.001, two-tailed). There was likewise a significant relationship
between the percentage of goats (Mann-Whitney Z score=7.97561,
n1= n2= 79, p < 0.001, two-tailed) and donkeys (Mann-Whitney Z
score=5.14006, n1= n2=59, p < 0.001, two-tailed) lost to lions
and whether or not respondents felt it is important to continue to have
lions. In all three cases higher losses are associated with more negative
perceptions of lions within the conservancy. There were insufficient
incidents to test for effects of sheep losses.

Table B.1
Summary of household-level livestock ownership among survey respondents, comparing livestock ownership in 2017 (October to December) to livestock ownership
three years prior. μ, mean number of specific type of livestock owned; med, median number of specific type of livestock owned; skew, Pearson's second skewness
coefficient, positive value indicates rightward skew among responses; min, minimum number of specific type of livestock owned; max, maximum number of specific
type of livestock owned; total, total number of specific type of livestock owned across all respondents; n responses; number of respondents for each specific type of
livestock. 2 Summary of percentage of remaining livestock, compared to three years earlier.

1 μ μ ‘17 med med ‘17 skew skew ‘17 mizn min ‘17 max max ‘17 total total ‘17 n response

Stock ownership, three years prior & 2017
household-level

cattle 48.2 10.3 25 4 0.870 0.940 0 0 500 140 4003 854 83
sheep 28.7 11.0 20 5 0.769 0.865 0 0 200 150 2381 911 83
goats 143.0 71.0 100 50 0.937 0.920 0 0 600 300 11867 5894 83
donkeys 5.1 1.6 4 1 0.606 0.769 0 0 25 11 415 129 82

2
Percentage Remain per Species, by

household
cattle 32.1% 16.7% 0.92 77
sheep 43.6% 36.2% 0.53 68
goats 91.1% 50% 0.793 81
donkeys 39.5% 27.6% 0.684 63
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When asked, if a lion kills some of your livestock tomorrow, what
will you do, 39.7% stated they would “kill it” or try to kill it. However,
the relationships between percentage losses of cattle and donkey and a
response of “kill it” were not statistically significant; for goats the re-
lationship was significantly negative (Mann-Whitney Z
score=−3.7695, n1= n2=78, p < 0.001, two-tailed).

When asked, if a lion kills some of your livestock tomorrow, what

will you do, those respondents stating they do not benefit from having
lions were not significantly more likely to say they will kill or try to kill
the offending lion (Mann-Whitney Z score=−2.67899, n1= n2= 83,
p < 0.01, two-tailed). Among variables tested (whether respondents
benefit from lions, whether they consider lions a serious problem, re-
spondent's ethnicity, respondent's conservancy) only specific con-
servancy residence showed a significant correlation with a respondent's

Fig. D.1. Boxplots display self-reported household-level livestock ownership for each individual species, comparing 2017 ownership to three years earlier. Data has
been log10 transformed. This visualization demonstrates that livestock ownership is unequally distributed – concentrated within a few relatively wealthy households
– and the recent livestock losses experienced have somewhat exacerbated this concentration. Currently the top five cattle owners possess 43% of the cattle (367 of
854), compared to 38.7% three years ago (1500 of 4003). The top five sheep owners hold 39.3% (358 of 911), compared to 27% (644 of 2381). The top five donkey
owners have 31.8% (41 of 129), compared to 23.9% (99 of 415). In contrast, the top five goat owners keep 19.9% (1170 of 5894), compared to 20.3% (2410 of
11,867). Currently 31.1% of respondents own no cattle, while 34.9% own no sheep, and 48.7% own no donkeys. In contrast, three years ago, only 7% owned no
cattle, while 18% owned no sheep, and 23.2% owned no donkeys. Ownership of goats is relatively unchanged (1.2% currently not owning goats versus 2.4% three
years ago). Moderate correlation for relative livestock ownership between current and three years ago exists for each species. Cattle: R2=0.439, F (1, 83)= 4.391,
p < 0.001. Sheep: R2=0.702, F (1, 83)= 8.882, p < 0.001. Goats: R2=0.633, F (1, 83)= 7.36, p < 0.001. Donkeys: R2=0.565, F (1, 83)= 6.157, p < 0.001.
This indicates that household position regarding one another in terms of livestock ownership is mostly unchanged.

Table C
Summary of number of livestock lost. 1 Losses directly due to all predators. 2
Losses directly due to lions. Column headings: μ, mean number of losses due to
predators per species; med, median number of losses due to predators per
species; skew, Pearson's second skewness coefficient. For 1, values are mixed by
species: losses of cattle, goats, and sheep are relatively skewed rightwards while
donkey losses are relatively uniformly distributed. For 2, values for cattle,
goats, and donkeys indicate that losses are relatively concentrated among
particular respondents, while sheep-loss data come from only a single event.

μ Med Skew Total lost

1
Number

Lost per species to predators, by
household

Cattle 7.7 4.5 1.036 575
Sheep 14.65 6 1.19 923
Goats 34.8 19.5 0.983 2784
Donkeys 3.34 3 0.253 197

2
Number

Lost per species to lions, by
household

Cattle 4.32 2 0.895 324
Sheep 0.2 0 0.405 13
Goats 1.89 0 0.721 153
Donkeys 2.27 1 0.986 136

Table D
Summary of percentage of livestock losses. 1 Losses directly due to all pre-
dators. 2 Losses directly due to lions. Column headings: μ, mean percentage of
losses per species; med, median percentage of losses per species; skew, Pearson's
second skewness coefficient. For 1, values are mixed by species, indicating
losses of goats and sheep are relatively uniformly distributed while cattle losses
skew slightly rightwards, and donkey losses skew greatly leftwards. For 2, va-
lues for cattle, goats, and donkeys indicate that losses are concentrated among
particular respondents.

μ Med Skew n response

1
Percentage

Lost per species to
predators, by household

Cattle 28.9% 24.5% 0.464 70
Sheep 58.2% 60% −0.134 55
Goats 40.1% 38.8% 0.097 78
Donkeys 62.7% 75% −0.879 53

2
Percentage

Lost per species to lions,
by household

Cattle 18.4% 5% 1.412 77
Sheep 3% 0 0.436 58
Goats 2.3% 0 0.715 78
Donkeys 38% 25% 0.951 53
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stated likelihood of killing lions, though the strength of this correlation
was moderate (R2= 0.2561, F (1, 82)= 3.742, p < 0.01). The moti-
vation to kill lions was greatest in Puros Conservancy.

When asked which predators are most dangerous to people, 85.5%
responded lions; the second most feared predator was the leopard
(Panthera pardus), 53%.

4. Discussion

A 2012–2014 survey examining the effects of drought in northwest
Namibia reported cattle losses between 10% and 40% (Schnegg and
Bollig, 2016); our study indicates that the drought has continued to kill
livestock: mean losses of cattle approaching two-thirds can seriously
constrain farmers' livelihood. In a region where 40% of inhabitants live
on less than US$1/day, median cattle losses exceeding $8000 can be
life- and community-altering across generations: day-to-day needs are
compromised and funds to cope with emergencies are limited. Most
household's herds suffered from the combined, and related, effects of
drought and predation. However, though this has not been universal: a
few households were able to maintain, even grow their herds during the
drought years. In addition to the monetary losses, cattle have long been
an essential component of Herero/Himba identity (Crandall, 1998;
Jacobsohn, 1995). Our results suggest that during drought, cattle may
have been replaced by goats, as goats eat less and are seen to be more
drought-resistant. But even when the economic value of a lost cow is
matched by five or six goats, the cultural impacts remain.

The effects of predators on livestock ownership are differentiated by
livestock species. A maxim in northwest Namibia is that donkeys do not

die from drought: though donkey numbers have decreased by 69%, at
least two-thirds of this loss was positively attributed to predators, pri-
marily to lions. In contrast, though total cattle numbers have decreased
by 79%, only 29% of this loss was attributed to predators – primarily to
lions and spotted hyena (Crocuta crocuta). While losses to all predators
are differently distributed among respondents, the skewness of cattle
and donkey losses indicate percent losses of livestock to lions are par-
ticularly concentrated among certain households.

Conservation of the desert-adapted lions poses a unique challenge.
Across northwest Namibia in 2016, lions were destroyed at a higher
rate (approximately 4%) following conflict incidents than any other
species, despite causing relatively few losses (Fig. E) – suggesting that
lions are either easier to dispatch (Kissui, 2008) or are killed for reasons
beyond the damage they cause. Most respondents feel lions pose a
particular risk to people. It is worth noting that, in contrast to areas in
East Africa (Packer et al., 2011), lion attacks on people are exceedingly
rare in northwest Namibia. The last confirmed lion-caused human
fatality in northwest Namibia occurred in 1982. Nevertheless, a
common refrain among respondents was that lions attack people and
that child herders are particularly vulnerable. Historically lion attacks
on people in northwest Namibia were thought to be widespread; it may
only have been with increasing access to firearms in the last half-cen-
tury that lion attacks abated (Andersson, 1861; Owen-Smith, 2010).

Because no significant correlation exists between benefiting from
lions and feeling they are important to the conservancy, our results
suggest that limiting the costs of living with lions would more effec-
tively enhance attitudes towards lions than would increasing benefits.
We found considerable tolerance for sharing communal land with lions,
but the percentage of cattle, goats, and donkeys lost out of total herd
size negatively affected the perceived importance of having lions within
a conservancy. This suggests that assisting farmers with smaller herds
may have an outsize effect on increasing tolerance for living with lions:
two cattle lost out of five is a greater proportional loss than two cattle
out of fifty.

We tested a variety of likely variables to better understand why
certain respondents stated they will try to kill lions that kill their li-
vestock. Only conservancy residency was sufficiently explanatory: re-
spondents from the Puros Conservancy are more likely to try and kill
lions that take livestock than are respondents from other conservancies.
Why this is the case is uncertain. Recent history of Puros provides a
possible explanation: in 2016/17 one Puros farming area suffered a
series of high-profile HLC incidents during which five sub-adult male

Table E
Summary of household-level livestock value lost over the past three years. 1 Losses from all causes, including all predators during previous three years. 2 Losses from
all predators during the same period. 3 Losses from lions during the same period. Column headings: μ, mean reported value lost per species; med, median reported
value lost per species; skew, Pearson's second skewness coefficient, positive value reveals rightward skew among responses, indicating value lost by species is
unevenly distributed; min, minimum value lost per species; max, maximum value lost per species; total, total reported value lost per species; n response; number of
respondents assigning value for each specific type of livestock. Respondents never possessing a particular species were not questioned as to the value of that species,
and could not have suffered losses to predators/lions.

μ Med Skew Min Max Total n response

1
Estimated value

Lost per species, US$
Cattle $21,115 $8000 0.878 $0 $274,400 $1,562,556 74
Sheep $1712 $704 1.157 $0 $17,280 $121,606 71
Goats $10,426 $4800 1.298 $0 $67,680 $719,428 69
Donkeys $275 $116 1.032 $0 $3360 $18,987 72

2
Estimated value

Lost to predators per species, US$
Cattle $4117 $2400 0.93 $0 $32,000 $288,240 70
Sheep $1463 $520 1.102 $0 $17,280 $86,372 59
Goats $4342 $1728 1.275 $0 $28,800 $334,400 77
Donkeys $229 $142 0.973 $0 $1120 $12,392 54

3
Estimated value

Lost to lions per species, US$
Cattle $2572 $800 1.03 $0 $30,400 $177,488 69
Sheep $23 0 0.444 $0 $1200 $1360 59
Goats $228 0 0.688 $0 $6720 $17,384 76
Donkeys $162 $54 1.284 $0 $960 $8752 54

Table F.1
Summary of response to how common lions are in conservancies. Column
headings: vcommon, percentage of respondents stating lions are very common
in their conservancy; common, percentage of respondents stating lions are
common in their conservancy; rare, percentage of respondents stating lions are
rare in their conservancy; n response; number of respondents. (No respondents
stated that lions were absent in their conservancy; one was unsure.)

Vcommon Common Rare n response

Percentage response
lion commonness,
by household

Anabeb 26.2% 42.3% 26.2% 42
Puros 0 46.2% 53.8% 13
Sesfontein 38.4% 53.8% 7.7% 26
Overall 27% 48% 24.7% 82
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lions were killed; most Puros respondents stated that lions, though
formerly common, were now less common in the conservancy and
pointed to these high-profile lion killings as the reason why lions have
become less common. Because of these recent incidents, Puros re-
sidents, more so than residents of other conservancies, may view lion-
killing as an effective measure to addressing HLC. Further research is
needed to understand why certain respondents evince different levels of
willingness to kill lions.

Respondents often viewed living with lions as a balancing act be-
tween costs and benefits. Linkages with local tourist operators are on-
going, but the extent to which communities receive direct benefits from
these agreements is unquantified. New programs linking lions to pay-
ments for ecosystem services and for conservancy conservation per-
formance are being developed (Braat and de Groot, 2012;
Kuchelmeister and Lindeque, 2018). An Early-Warning System to alert
communities in high conflict areas about relevant lion movements, is
being pioneered by a team of government and NGO stakeholders (“First
early-warning tower erected”, 2018). Additionally, a group of community
‘Lion Rangers’ are being trained and deployed to monitor lions, provide
communities with relevant and up-to-date lion information, and re-
spond to conflict incidents (“Lion Rangers”, 2018). This program is
adapted from the Lion Guardians program in Kenya and Tanzania,
which has achieved positive lion conservation outcomes (Hazzah et al.,
2014).

While 83.9% of respondents report that they do not benefit from
having lions in their conservancy, 75.9% state that it is important to
have lions. This tolerance for living with lions, even without direct
(instrumental) benefits, appears to be a recent development among
communities in northwest Namibia. Garth Owen-Smith, a long-serving
conservationist in the region, notes that, prior to independence, the
communities would not tolerate living with certain carnivores – chiefly

lions (Owen-Smith, 2018). How non-use value affects environmental
decision-making is a productive yet challenging frontier in environ-
mental economics and conservation (Chan et al., 2012). Interactions
between lions and people are strongly mediated by cultural (Ikanda and
Packer, 2008) and economic (Kissui, 2008) considerations. As noted by
Parks and Gowdy (2013), human ‘values’ are not fully captured in
traditional welfare economics. Our study is merely a first step towards
better understanding how farmers value lions within northwest Na-
mibia conservancies. Future research, along the lines of Romañach et al.
(2007), should be specifically tailored to the environment and culture
of northwest Namibia to foster greater tolerance for living with lions.

Socially-focused innovations may be of little use without coopera-
tion from the region's ecological systems. As long as prey populations
remain depressed, livestock depredation is likely to remain a challenge
to rural pastoralists and conservationists. Relatively plentiful rainfall
between 2000 and 2010 may help explain the increase in lion numbers
before the drought, but the recent lack of rainfall is compromising li-
velihoods and threatens to undercut the efficacy of the CBNRM ap-
proach. Global climate change raises the possibility that droughts in
northwest Namibia will increase, emphasizing the importance of pro-
viding benefits and early-warning of lion movements to rural residents.
Bauer et al. (2015a, 2015b) noted that lions in unfenced areas fare best
in areas with very low human population densities. Population growth
in northwest Namibia may also affect HLC in northwest Namibia in the
future.
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