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Wildlife Biology Education and community outreach are fundamental to raising conservation aware-
2025: e01377 ness in rural communities for alleviating human-wildlife conflicc (HWC). Evaluating
doi: 10.1002/wlb3.01377 the impacts of programs aimed at reducing HWC is necessary to justify the effective-
T : ness of mitigation strategies, and to provide feedback for designing sustainable con-

Subject Editor: Manisha Bhardwaj servation initiatives at the community level. We examined the impacts of an outreach
Editor-in-Chief: Ilse Storch program in four eastern communal conservancies in Namibia using questionnaire sur-
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livestock losses (91.7%), which were caused primarily by predators and droughts.
Following workshop attendance, significant declines in livestock losses were observed
and perceptions regarding the abundances of predators in the area reflected the reality
on the ground more accurately. These results suggest that workshops can be effective
in teaching communities about predator ecology and mitigating depredation losses
of livestock. Therefore, workshops can be used as an important strategy to promote
conservation and sustainable livelihoods.
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Introduction

Human—predator conflict occurs due to real or perceived threats of livestock depre-
dation, often resulting in farmers retaliating by killing predators (Woodroffe et al.
2005b, Rust and Marker 2014). As many carnivore species have experienced popula-
tion declines and range contractions worldwide, human—predator conflict is one of
the most pressing issues affecting modern biodiversity conservation (Marchini 2014,
Ripple et al. 2014). Achieving harmonious coexistence between livestock farmers and
predators is challenging because depredation can negatively affect the viability of rural
livelihoods, resulting in predator persecution (Loveridge et al. 2010). Impacts are
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further intensified if livestock that are lost have cultural or
emotional significance, in addition to financial value (Sillero-
Zubiri and Laurenson 2001, Dickman 2010, Dickman et al.
2018a).

The development of effective mitigation strategies is key
to reducing livestock losses to predators; therefore, under-
standing the human dimensions of human—predator conflict
is necessary (Manfredo and Dayer 2004, Loveridge et al.
2010, Konig et al. 2020). Educational programs that pro-
mote positive attitudes and beliefs about wildlife can help
foster increased acceptance of predators on rural lands and
can reduce human—predator conflict (Ballantyne and Packer
2005, Lagendijk and Gusset 2008, Morehouse et al. 2020).
For example, programs targeting communities whether in
classrooms or in the field can yield greater tolerance, lower
perceived risk from predators, and higher potential for coex-
istence (Skupien et al. 2016).

Where livestock losses to predators are experienced by
communities, significant economic losses and persecution of
predators often occur (Creel and Creel 2002, Woodroffe et al.
2005a, MET 2013, Verschueren et al. 2020, Wilkinson et al.
2020). In Namibia, small populations of endangered and
vulnerable predators such as cheetahs Acinonyx jubatus and
African wild dogs Lycaon pictus are found in the Eastern
Communal Conservancies (Fig. 1), where pastoralism is the
main land use. Communal conservancies are legally recog-
nized, geographically defined areas that are formed and co-
managed by land occupiers, who work to collaboratively
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use natural resources in a sustainable manner (Weaver and
Petersen 2008, Shaw and Marker 2010). Therefore, com-
munal conservancies can be important potential refuges for
wildlife populations outside of nationally protected areas.
Despite their potential, communal conservancies may some-
times hold less value for predator conservation than freehold
lands (privately owned livestock and game farmlands) due
to differences in land use practices, culture and economic
activities (Selebatso et al. 2008). Communal conservancies
typically have a higher human density who are dependent on
a predominant subsistence farming system. Farmer training
workshops may thereby provide the necessary framework to
mitigate human—predator conflict and allow coexistence.

We examined the impacts of farmer training workshops
implemented during 2015 and 2016, which were designed to
equip communal farmers with tools to mitigate human—wild-
life conflict, improve livestock management to prevent live-
stock losses, and raise community awareness towards wildlife
conservation. Our broader goal was to understand the interac-
tion between predators and rural communities, and to deter-
mine: 1) the extent of human—wildlife conflict in the Eastern
Communal Conservancies, and 2) to determine if trainings
given to community members improved knowledge in inte-
grated livestock management, knowledge about predators,
and reduce human—wildlife conflict over time. By comparing
participants’ responses pre- and post- workshops, we explored
the effects of workshop participation on 1) correct predator
identification, 2) perceptions regarding the abundance of local
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Figure 1. Location of the four Eastern Communal Conservancies in the Greater Waterberg Landscape of Namibia where farmer training
workshops were conducted by the Cheetah Conservation Fund during 2015 and 2016.

Page 2 of 12

25L60 17 SUOLLLLOD BAERID 3Rt ddde aU) Aq poLaA0B B2 SoPILIE WO B8N J0'SINI 10J AReIC1T BUIIUO AB]IAM UO (SUO1IPUOD-PUE-SULBI LD B | AReIcl1puIUO//'SAIIL) SUONIPUOD PLE S | 3U) 205 *[SZ0Z/T0/G2] U0 AIRiq I aUIuo Ad1M B IUBWOY BLeI40D Ad 2/ETO'SdIMZ00T OT/I0pLD" A3 i ARIGIUI[UO'S UINDI0SU//STy WOJy POpeO|uMOq ‘T ‘SZ0Z X0ZZE06T



predators, and 3) livestock losses and factors associated with
livestock losses. Our approach provides information concern-
ing human-wildlife conflict in Namibia’s Eastern Communal
Conservancies to assist in planning effective measures to
reduce conflict and retaliation against predator species.

Material and methods

Study area

Social science surveys were conducted in four adjacent
communal conservancies (registered in 2005), of approxi-
mately 16 257 km?* Otjituuo, Okamatapati, African Wild
Dog (AWD), and Ozonahi, within the Greater Waterberg
Landscape (GWL), in the Otjozondjupa region of Namibia
(Fig. 1). The climate is semi-arid with a mean annual rain-
fall of 418.2 mm (+ 33.5SD) falling between January—April
(Fick and Hijmans 2017, MEFT et al. 2022). There are three
main seasons: hot-wet (January—April), cold-dry (May—
August) and hot-dry (September—December), with the mean
daily maxima of 31°C (+ 0.2 SD) in January and 23°C (+
0.3 SD) in July. Elevation is 1298.5 m (£ 45.7 SD) (Fick and
Hijmans 2017) and vegetation is broadly classified as cam-
elthorn Vachellia erioloba savannah, thorn bush savannah,
tree savannah and woodlands (Erkkild and Siiskonen 1992,
Mendelsohn et al. 2003, MEFT et al. 2022).

The area has a population of approximately 23 952 people,
with the majority relying on livestock farming (cattle, goats
and sheep) as an economic mainstay (MET 2013). A pasto-
ral and communal grazing system prevails in the area with
poor or no rotational grazing. Livestock freely move across
the entire farming landscape) with an unregulated stocking
rate. Consequently, overgrazing and bush encroachment are
prevalent, and most large wild mammals were extirpated due
to high levels of sustained poaching prior to the development
of conservancies (SAIEA 2016, Birch and Middleton 2017).

Data collection

During 2015 and 2016, day-long farmer training workshops
were conducted each month at two central locations within
each of the four conservancies (overall workshops: n=100
(25 per conservancy)). Workshop modules were designed
specifically to educate participants in better livestock hus-
bandry and management practices, while also providing edu-
cation in predator identification, ecology and conservation
of wildlife and predators. We used farmer training material
developed from previous workshops (Supporting informa-
tion). Workshop attendance was voluntary, and permission
to participate in this study was requested from the partici-
pants prior to conducting the survey.

Workshop participants were surveyed at the start of the
workshops using a structured questionnaire that consisted
of open- and close-ended questions (Supporting informa-
tion). Data collected included: 1) household (a house and its
occupants regarded as a unit) and settlement characteristics

(i.e. household and population sizes); 2) demographic details
per participant (sex, age, workshop attendance history); 3)
livestock management practices applied to reduce livestock
losses; 4) number of livestock owned; 5) number of livestock
lost over the past 12 months per household and contributing
factors of the losses; and 6) perceptions regarding the abun-
dance of predators in the area. A total of four workshop facil-
itators assisted with data collection and interpretation into
local languages, mainly Otjiherero and Afrikaans.

As the workshops were conducted over a 24-month period,
it was possible some of the participants attended multiple
workshops and had prior workshop attendance before being
surveyed. These participants were defined as post-workshop
participants, and no more than 24 months passed between
their workshop attendance and them being surveyed. The
participants with no prior workshop attendance were defined
as pre-workshop participants.

Statistical analyses

We summarized the demographic data using descriptive sta-
tistics (mean, SD, sum, frequencies, and percentages) for
households, settlements, sex, age, number of participants
and frequencies of workshop attendance. We used general-
ized linear models (GLM) for count data (Quasi-Poisson)
to separately compare the mean number of livestock owned
and livestock lost across the four conservancies; post-hoc tests
were completed using the general linear hypothesis function
at a alpha=0.05 level (R packages ‘Mass’ and ‘multcomp’)
(Venables and Ripley 2002, Hothorn et al. 2008).

A quassi-Poisson GLM was also used to estimate the
effect of different factors responsible for livestock losses while
accounting for settlement size. The number of livestock losses
during the 12 months prior to the survey was designated as
the dependent variable. Factors responsible to losses included
birthing problems, disease, drought, poisonous plants, preda-
tors, snakebite, and theft. Birthing problems was considered
as the reference category in the modelling procedure.

We applied a quasi-Poisson GLM for over-dispersed data
(Venables and Ripley 2002, Mehtatalo and Lappi 2020) using
package ‘Mass’ to assess the effect of workshop attendance on
livestock losses. We set the baseline condition (intercept) for
the categorical covariate as no prior workshop attendance,
thereby obtaining a regression estimate for confirmed atten-
dance to a workshop. We modelled separately the various fac-
tors that we anticipated could cause livestock losses. A total of
seven models were run for the following livestock loss factors:
predators, drought, disease, poisonous plants, theft, birthing
problems, and snake bites. In addition, an overall model for all
livestock losses from all factors was run to estimate the effect
of workshop exposure on losses. We again accounted for settle-
ment size (centered) by including it as a covariate in all mod-
els. For meaningful interpretation, we centered settlement size
(expressed as settlement size —19.2, where 19.2 is the average
number of households in a settlement across all conservancies).

We analyzed whether perceptions of predator abundance
were related to past livestock losses or exposure to workshops
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using a multinomial logistic regression (package ‘nnet)
(Venables and Ripley 2002). We used three different percep-
tion outcomes (decrease, no change, increase) as levels in the
dependentvariable. Covariates included workshop attendance
(yes/no) and the number of livestock losses experienced. We
ran eight models that were predator species-specific: brown
hyena Hyaena brunnea, cheetah, leopard Panthera pardus,
African wild dog, African wild cat Felis silvestris lybica, cara-
cal Caracal caracal, black-backed jackal Canis mesomelas, and
serval Leprailurus serval.

All analyses were carried out using R ver. 4.0.4 (www.r-
project.org).

Results

Demography of survey participants

A total of 217 surveys were completed in four conservancies
with 71% (n=154) male and 29% (n=63) female partici-
pants (Table 1). Fifty seven percent (n=124) of the partici-
pants were between 31 and 50 years of age. Survey participants
were from 69 different settlements, with an average of 19.2
(+18.4 SD) houscholds per settlement, and 10.9 (+ 9.7
SD) individuals per household (Table 1). Over half (62.7%;
n=136) of the participants indicated that they had previously
participated in an integrated livestock and predator manage-
ment training workshop before participating in this study, and
they were assigned to the post-workshop sample group.

Livestock management techniques, losses and
related factors

Survey participants were asked to provide information
regarding the total number of livestock owned per household

in the 12 months before the survey. A total of 31 240 head
of livestock were owned, comprising mainly cattle, goats and
sheep, with smaller number of horses and donkeys (Table 1).
Most farmers (98.6%, n=214) branded and ear tagged their
animals, vaccinated them (98.6%, n=214), added supple-
ment feed (98.2%, n=213), and enclosed livestock in kraals
(97.7%, n=212). Compared to the aforementioned tech-
niques, fewer farmers used guard dogs (75.6%, n=164) or
herders (54.4%, n=118). Only one individual indicated
they did not apply any of the common livestock manage-
ment techniques.

The majority of farmers (91.7%, n=199) had experi-
enced livestock losses within the previous 12-months before
attending a workshop, amounting to 13.7% (n=4290) ani-
mals of the total livestock owned (Table 1). Livestock losses
were significantly different between Ozonahi—Okamatapati
(p=0.002) and Ozonahi-AWD (p=0.010) (Table 2). Losses
were lower in Ozonahi compared to AWD conservancy as the
reference category in the modelling procedure (Table 2).

Predators, drought, diseases and poisonous plants incurred
more losses than birthing problems, whereas snakebite
accounted for lowest number of losses (Table 3—4). Smaller
settlements experienced on average greater losses than larger
settlements (Table 3).

Effects of workshop attendance on carnivore
perceptions

Perceptions of the different predator population abundances
are presented in Table 5. Attending a training workshop may
have contributed to these indices. Workshop attendance was
associated with a significant reduction in the participants
perception that predator populations were increasing for
brown hyena (p < 0.001) and African wild dogs (p < 0.001)
(Table 5). Also, attending a workshop caused a significant

Table 1. Demographic features of the respondents, their settlement and household size, number of livestock (owned and loss within 12
months prior to survey) and workshop attendance in the study area. Numbers in brackets represent percentages.

Conservancy
Measured variables African Wild Dog Okamatapati Ofjituuo Ozonahi Total
No. of respondents (%) 52 (24) 3(15.2) 65 (30) 67 (€2D)] 217
Sex (%) M 36 (23.4) 30 (19.5) 46 (29.9) 2(27.3) 154 (71)
F 16 (25.4) 3 (4.8) 19 (30.2) 5(39.7) 63 (29)
Age (%) 0-20 2 (50) 1(25) - 1 (25) 4(1.8)
21-30 7 (25) 4(14.3) 9(32.1) 8(28.6) 28 (12.9)
31-40 20 (32.3) 10 (16.1) 15 (24.2) 17 (27.4) 62 (28.6)
41-50 9 (14.5) 5(8.1) 21 (33.9) 27 (43.6) 62 (28.6)
51-60 8 (25) 6(18.8) 11 (34.4) 7 (21.9) 32 (14.8)
60 + 5(20) 6 (24) 8(32) 6 (24) 25(11.5)
Unk 1(25) 1(25) 1(25) 1(25) 4(1.8)
Ave. (+ SD) no. households in settlement 15.9 (+10.7) 9 (+4.7 12.9 (+12.8) 3.8 (+22.7) 19.2 (+18.4)
Ave. (+ SD) no. people in a household 12.4 (£7.5) 3 (7. ) 9.2 (+10.8) 12 3 (=109 109 (£9.7)
Total no. of livestock owned (%) 6466 (20.7) 561 0(18) 10307 (33) 8857 (28. ) 31240
Ave. (x SD) no. livestock owned per farmer 24.9 (£49.3) 4(x51.3)  31.7 (¥50.2) 26.4 (£51.3)  28.8 (¥51.3)
Total no. of livestock lost (%) 1303 (20) 977 (17) 1186 (12) 824 (9) 4290 (13.7)
Ave. (+ SD) livestock lost per respondent 5.1 (+26.2) 29 6 (+36.8) 18.3 (+21.7) 12 3(+13.6) 19.8 (+24.7)
No. respondents at workshop (%) Yes 29 (55.8) 2 (36.4) 49 (75.4) 6 (68.7) 136 (62.7)
No 23 (44.2) 1(63.6) 16 (24.6) 1(31.3) 1(37.3)
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Table 2. Generalized linear model (GLM) output to compare the average number of livestock owned and livestock loss across the four con-
servancies (OK=Okamatapati, OT =Otjituuo, OZ=0zonahi, and AWD =African Wild Dog). The Intercept represents the baseline condi-
tions for livestock loss, in reference to the mean number of livestock losses in the AWD conservancy.

Parameter Estimate SE t-value p-value (>|t|)
Livestock owned (Intercept) 4.823 0.123 39.198 <2 x 10710kxx
Conservancy: OK 0.313 0.181 1.732 0.0847
Conservancy: OT 0.243 0.157 1.549 0.1229
Conservancy: OZ 0.061 0.162 0.378 0.7057
OK-AWD 0.313 0.181 1.732 0.305
OT-AWD 0.243 0.157 1.549 0.406
OZ-AWD 0.061 0.162 0.378 0.981
OT-OK -0.070 0.164 -0.424 0.974
0Z-OK -0.252 0.169 —-1.490 0.442
Oz-0OT —-0.182 0.143 -1.269 0.581
Livestock loss (Intercept) 3.221 0.143 22.528 < 2 X Q- toRkk
Conservancy: OK 0.167 0.218 0.764 0.446
Conservancy: OT -0.317 0.207 -1.531 0.127
Conservancy: OZ -0.712 0.230 -3.098 0.002**
OK-AWD 0.167 0.218 0.764 0.870
OT-AWD -0.317 0.207 -1.531 0.418
OZ-AWD -0.712 0.230 -3.098 0.010*
OT-OK —0.484 0.223 -2.171 0.131
0OZ-OK -0.879 0.244 -3.599 0.002**
Oz-0T -0.395 0.234 —-1.685 0.331

increase in perceiving that African wild cat (p < 0.001) and
caracal (p < 0.001) abundances were declining and not
increasing. No significant impacts were observed in percep-
tions of other animal types, following workshop attendance.

An increase in the number of livestock losses had a positive
(and statically significant) relationship with the perception
that brown hyena (p=10.005) and serval (p=0.013) popula-
tions were increasing, and African wild cat (p=0.029) and
jackal (p=10.034) populations remain constant. The effect of
the increase in the number of livestock losses in relation with
the perception that jackals were increasing was high, although
not significant. Livestock losses had no statistically significant
relationship with the perceptions regarding the abundances
of other animal species in the study area (Table 5).

Effects of workshop attendance in reducing livestock
losses

Results from the GLM analysis on the number of reported
livestock losses experienced are shown in Table 6. The over-
all Model (1) showed that the average number of livestock

losses amongst participants with no workshop exposure was
27 during the previous 12-month period. Attending a work-
shop was associated with a statistically significant decline
(p=0.0001) in livestock losses by 56.7%, with an average of
15 livestock losses per participant post workshop attendance
(Fig. 2).

The average livestock losses due to predators in Model 2
(Table 6), per participant with no workshop exposure, was
12. Those attending a workshop showed a statistically signifi-
cant decline (p=0.0001) in livestock losses by 49.3%, and an
average annual loss of six livestock per participant (Table 6).
For livestock losses due to drought (Model 3), livestock losses
per participant with no workshop exposure averaged eight
per year. Attending a workshop was associated with a statis-
tically significant decline (p=0.013) of 42.7% in livestock
losses, and an average loss of three livestock per participant.

For livestock losses to poisonous plants per participant
with no workshop exposure (Model 4), averaged four per year.
Participants who attended a workshop showed a statistically
significant decline (p=0.001) of 27% of livestock losses, and
an average loss of one livestock per participant per year.

Table 3. Model coefficients for factors responsible for causing livestock losses experienced by workshop participants. Settlement size was
included as a covariate to explain household effects on losses. The Intercept represents the number of livestock losses due to birthing prob-

lems per settlement.

Variable Parameter Estimate SE t-value p-value (>|t|)
Intercept Bo -0.364 0.304 -1.195 0.232
Disease B, 1.368 0.340 4.025 0.000***
Drought B, 2.005 0.323 6.205 0.000***
Poisonous plants B, 1.151 0.348 3.308 0.0071***
Predators B, 2.462 0.316 7.792 0.000%**
Snakebite Bs —-1.308 0.658 —-1.990 0.047*
Theft Be 0.326 0.398 0.819 0.413
Settlement size B, —-0.019 0.004 —4.487 0.000***
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Table 4. The predicted mean number of livestock losses by different factors per household before the survey. The Intercept represents the
predicted mean number of livestock losses due to birthing problems per settlement.

Estimated mean losses 95% Confidence level

Variable Parameter Sum (B) Exp (sum(p)) Lower Upper
(Intercept) Bo -0.36 0.7 0.36 1.2
Disease Bo+ By 1 2.73 0.75 9.62
Drought Bo+P, 1.64 5.16 1.48 17.73
Poisonous plants Bo+ B, 0.79 2.2 0.59 7.85
Predators Bo+ B, 2.1 8.15 2.38 27.7
Snakebite Bo+Bs -1.67 0.19 0.02 1.05
Theft Bo+PBs -0.04 0.96 0.23 3.71

There was no significant impact of workshop attendance
observed on the number of livestock losses due to disease,
theft, birthing problems, and snake bite models in relation to
participant workshop attendance. Despite the reported num-
ber of livestock losses experienced, 88.5% (n=192) of the
participants indicated that they did not kill predators.

Discussion

The majority (91.7%) of the participants in this survey expe-
rienced livestock losses in the previous 12 months before
attending a workshop. Livestock loss has major implications
for these communities, as pastoralism is the most common
form of land use in the northeastern regions of Namibia. In
these regions, communities rely heavily on livestock (cattle,
goats, sheep, horses and donkeys) instead of on rainfall fed
crop farming (Mendelsohn et al. 2003). Livestock have cul-
tural, religious and economic value (i.e. source of income,
ceremonial uses) while horses and donkeys are used for trans-
portation and recreational activities (Barnes and de Jager
1996, Davies et al. 2019, Marker and Nghikembua pers.
obs.). Therefore, the loss of any livestock has cultural, reli-
gious, and economic implications.

The main factors causing livestock losses were predators and
droughts. These findings were consistent with Verschueren etal.
(2020) who also found that livestock losses in the region were
mainly due to depredation and droughts, accounting for 57
and 18% of all reported livestock losses, respectively. The
majority (88.5%) of participants in our study indicated they
did not kill predators despite incurring high levels of livestock
loss, which is similar to communities from Laikipia, Kenya
which tolerate some level of livestock loss (Frank et al. 2005).
However, people may not report the true extent of predator
killing, for fear of being reported to legal authorities, which
can lead to underreporting of HWC. For livestock loss, inci-
dents could potentially be over reported in order to elevate the
level of conflict, so as to highlight the issue of HWC being
experienced (Dickman 2008). There were significantly more
livestock losses in AWD conservancy compared to the Ozonahi
conservancy. This finding may be influenced by the distribu-
tion of predators across these conservancies. Previous studies
have shown African wild dogs, brown hyena, jackal, and leop-
ard, to be the main species causing HWC across the conservan-
cies (MET 2013, Verschueren et al. 2020).
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Livestock losses and settlement size

Our data suggests that smaller settlements were associated
with higher predator presence and experienced more predator
related livestock losses. High human density found in larger
settlements contributes to the loss of suitable wildlife habi-
tat, increased poaching and direct persecution which leads
to the loss of prey and low occurrence of predators (Gosselin
and Callois 2018). However, loss of wild prey can increase
livestock kills by predators especially if livestock are not pro-
tected/managed (Woodroffe et al. 2005a). Karanth et al.
(2012) has suggested that the most effective way to pre-
vent predator related livestock losses is to keep the livestock
behind a physical barrier, although this is not possible in our
study area, as livestock leave the kraal to graze during the
day. The use of herders and guarding dogs can be effective at
preventing livestock losses (Smith et al. 2000, Ogada et al.
2003, Potgieter et al. 2013, Marker et al. 2021), but the use
of guarding dogs was not as common as other management
techniques used by farmers in this study. During the farm-
er’s training workshops, the use of livestock guarding dogs
was discussed. By educating farmers about correctly using
a livestock guardian dog, livestock losses due to predators
can be reduced by as high as 90% (Marker et al. 2021). The
most popular (used by over 95% of the participants) live-
stock management techniques reported in our study involved
vaccinations, feed supplementation, branding, and kraaling
which are primarily used to maintain animal health, owner-
ship identification and safeguard livestock at night in protec-
tive enclosures.

We also found that smaller settlements experienced more
livestock losses from stock theft, drought, poisonous plants,
birthing problems, and snake bites. Smaller settlement sizes
may experience more livestock loss due to the geographic
location of the settlement and the distribution of poisonous
plants. For example, the common geigeria Geigeria ornativa
and silverbush Mundulea cericea are mostly found within the
central parts of Namibia, in overgrazed and disturbed area
types which are commonly found in smaller settlements
(Schubert 2006). A possible explanation for high livestock
losses due to droughts may be due to the degraded rangeland
conditions found locally and economic factors like inade-
quate resources to afford feeds/supplements, or to keep herd-
ers that could help prevent further losses (Kauffman et al.
2007, MET 2013, Birch and Middleton 2017).
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Table 6. Predicted number of livestock losses before and after attending a farmer training workshop in the four conservancies in the Greater

Waterberg Landscape.

Model Estimated effects Predicted livestock losses
Previous workshop
attendance Estimate f SE p-value exp(p) Average losses
Overall (1) No Bo 3.301 0.109 0 27.140 Bo 27.14
Yes B, ~0.568 0.156 0 0.567 By+B, 15.38
Predators (2) No Bo 2.462 0.114 0 11.728 By 11.73
Yes B, —0.708 0.169 0 0.493 Bo+B, 5.78
Drought (3) No Bo 2.067 0.22 0 7.901 Bo 7.90
Yes B, ~0.851 0.341 0.013 0.427 Bo+B, 3.37
Poisonous plants (4) No Bo 1.38 0.207 0 3.975 Bo 3.97
Yes B, -1.309 0.371 0.001 0.270 Bo+ P4 1.07
Diseases (5) No Bo 0.853 0.238 0 2.347 Bo 2.35
Yes B, 0.204 0.29 0.483 1.226 Bo+ B, 2.88
Theft (6) No Bo -0.681 0.492 0.168 0.506 By 0.51
Yes B, 0.868 0.55 0.116 2.382 Bo+B, 1.21
Birthing problems (7) No Bo —-0.633 0.349 0.071 0.531 B, 0.53
Yes B, 0.491 0.408 0.23 1.634 Bo+B, 0.87
Snakebite (8) No B -1.91 0.485 0 0.148 B 0.15
Yes B, 0.329 0.58 0.571 1.390 Bo+ P4 0.21

Smaller settlements may promote biodiversity when com-
pared to larger settlements, due to lower human footprint in
the former. If smaller settlements attract a diverse or abundant
community of small rodents, this may in turn attract snakes
(Schneider 2001, Kerley et al. 2017). In our study, more live-
stock losses were due to snake bites in smaller settlements. A
recent study on snake bite incidents showed 51.5% of the
incidents occurred among livestock farmers, indicating high
snake activity around kraals and livestock (Mahmood et al.
2018).

Our finding on stock theft in smaller settlements differs
from the findings by Sidebottom (2012), who showed that
livestock theft was higher with greater availability of live-
stock, which correlates with larger household and settlement

Overall Predators
o 151

0 307 (&) T
= =X
v —— el
D D
+H + 10 -
& &
® 204 ]
E E
1] 172
()] [+ )]
1] 1]
172 172
o L2 51
x 101 ¢
o o
3 I 8 I
(7] (7]
L] L]
= =
- |

0 0

No Yes No Yes
Workshop attendance Workshop attendance

sizes. Livestock theft can impact predators, as farmers often
blame predators when livestock go missing, resulting in
higher predator persecution and decreased predator tolerance
(Rust et al. 2016).

Impacts of workshop attendance

Our results show that workshop participation had signifi-
cant impact on farmers perceptions of certain predator spe-
cies’ population abundance. After workshop attendance,
more participants had correct perceptions about the preda-
tor abundances. For example, before attending a workshop
more participants considered brown hyenas and African
wild dog populations to be increasing, whereas brown hyena
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Figure 2. Comparison of the number of livestock loss per participant for overall factors and the three main factors which cause livestock loss

before (no) and after (yes) attending a farmer training workshop.
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population is likely stable (MEFT et al. 2022), and African
wild dog declining in Namibia.

The amount of livestock losses experienced also had a pos-
itive and significant relationship with perceiving that there
were constant abundances or increases in of brown hyena,
jackal and serval. This suggests that brown hyena and jackal
may be the most locally abundant and possibly most com-
mon species causing livestock losses, which can inflate the
sighting frequencies of these species. We are interpreting
the output for serval with caution due to potential issues in
reliability of serval identification by community members
(Verschueren et al. 2020) and because serval are not known
to depredate on livestock. Other studies have also shown that
farmers perceived certain predator species to be abundant due
to high sighting frequencies (Marker et al. 2003, Dickman
2008, Gusset et al. 2009).

The ranging behavior of carnivores typically covers vast
areas (Creel and Creel 2002, Marker and Dickman 2005,
Skinner et al. 2005, Pomilia et al. 2015, Welch et al. 2016),
which could cause local people to perceive higher population
abundances for these species. This could lead to higher levels
of persecution towards carnivores by farmers. In the farmer
training workshops, predator ecology and threats faced by
these species were emphasized, resulting in improved car-
nivore knowledge and the significant reversal in the percep-
tions of predator populations. By providing farmers with
knowledge of predator ecology (e.g. prey preference and
when predators typically hunt), farmers can manage their
livestock to reduce the incidence of predators taking their
livestock.

Overall, we documented a reduction in livestock losses by
56.7% after participants had attended a workshop. In par-
ticular, livestock losses caused by the main factors (preda-
tors and drought) were significantly reduced after attending
a workshop, highlighting the importance of education in
improving human—predator coexistence. A possible expla-
nation for the high livestock losses recorded among partici-
pants before attending a workshop is inadequate ability to
apply field-based mitigation measures (e.g. livestock guard-
ing dogs and herders) to prevent predator related livestock
losses; and absence of livestock management practices com-
patible with predator coexistence (e.g. calving seasons, calv-
ing kraals, rotational grazing and improved livestock health)
(Marker et al. 2005, Potgieter et al. 2013, Dickman et al.
2018b). Workshop modules were designed to cover practi-
cal and theoretical aspects related to cause-specific preda-
tor kill identification, predator identification and ecology,
livestock husbandry techniques (e.g., treatment, dehorning,
nutrition), and herd management (livestock guarding dogs,
herders, kraaling). These topics presented in the training pro-
grams appeared to be effective at reducing livestock losses in
our study area, as participants showed better knowledge in
livestock management and predator identification and ecol-
ogy after attending a workshop.

This study has shown how lack of adequate knowledge
about predators may escalate livestock losses and persecu-
tion of predator populations, leading to increased HWC.

Therefore, better knowledge of wildlife coexistence strategies
can lead to higher tolerance of livestock losses and reduction
of HWC (Romanach et al. 2007). Without workshop expo-
sure, there may be more livestock losses and incorrect percep-
tions regarding predator abundances, which could result in
perpetual HWC and ultimately extirpation of some predator
populations. Megaze et al. (2017) provide another example
on the importance of education in conservation, as people
with better education have more favorable attitudes towards
wildlife and conservation.

Limitations and areas for future development

Although the farmer training workshops were open to any
participants, more male than female community members
attended. This could be due to cultural norms in some societ-
ies where it is the man’s responsibility to care for the livestock,
while women tend to houschold responsibilities (Aditya
2016). Other studies (Dickman 2008, Rust and Marker
2014) have shown that risk perceptions related to human—
wildlife conflict are influence by gender, for example men
who encounter wildlife more frequently due to their respon-
sibilities of herding livestock perceive wildlife abundance
and human—predator conflict differently to women. Women
should be encouraged to engage in farmer training work-
shops because they are known to interact differently with
the environment, are important contributors to conserva-
tion, and they pass on their knowledge through cultural and
daily activities (Goldman et al. 2021, Marker et al. 2022).
Therefore, without balanced gender representation, misper-
ceptions about wildlife could perpetuate.

Conclusions and management
recommendations

Odur results indicate that workshop exposure was beneficial in
addressing HWC within Eastern Communal Conservancies
of Namibia. We found that livestock losses were experienced
by most participants and were largely caused by predators
and drought. However, after the attendance to a workshop,
participants reported fewer livestock losses, and the amount
of livestock loss from predators and droughts was reduced.
Settlement characteristics were responsible for some of the
variation in the livestock losses experienced partly due to
human density, abundance of wildlife in the area, and eco-
nomic factors. Livestock losses were significantly higher
among participants before attending a workshop, suggesting
that their management techniques used to control livestock
losses were not effective. Additionally, with no workshop
exposure, there were incorrect perceptions regarding the
abundance of predators in the area, which may lead to nega-
tive attitudes regarding these species or ineffective livestock
and predator management practices. With workshop expo-
sure, these patterns were reversed, suggesting that HWC
could be substantially improved by implementing tailored
educational programs with rural communities.
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Our study provides baseline information for incorporation
into future workshop planning. We recommend: 1) long-term
monitoring of workshop participants and of the impacts the
workshops have on their attitudes and perceptions regarding
predators; 2) monitoring of livestock losses and challenges
faced in implementing HWC mitigation measures; and 3)
encouragement of more woman participation in workshops
as disproportionately fewer women participated in this study
and issues relating to HWC may be influenced by gender.
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