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SPECIAL ISSUE: DOGS AND CONSERVATION: CURRENT AND EMERGING CONSIDERATIONS
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Abstract. Livestock guarding dogs (LGDs) have been used for centuries to reduce depredation on livestock
and, more recently, to facilitate the conservation of threatened carnivores. Conservation organisations in
southern Africa promote the use of Anatolian shepherds as LGDs. However, livestock farmers in Botswana
use a variety of breeds for this purpose, including local landrace “Tswana” dogs. Our study sought to test
the overall effectiveness of these local breeds as LGDs. Irrespective of breed, all LGDs reduced livestock
losses, with 47.9% of farmers experiencing no losses after obtaining a guarding dog. Owners with more LGDs,
and LGDs of a single sex, had greater reductions in livestock losses. Anatolian shepherds displayed more
behavioural problems than other breeds in our study. The health of LGDs was reliant on them receiving a
balanced diet, and owners with fewer dogs reported fewer health issues. Moreover, Tswana guarding dogs
were cheaper to purchase and feed than their purebred counterparts. Our results show that local landrace
dogs can be considered a cheaper and more practical alternative to purebred LGDs for reducing livestock
losses and for mitigating human-wildlife conflict in Botswana.

Key words: livestock guarding dogs, human-wildlife conflict, carnivore conservation, landrace, Botswana,
Canis Africanis

Introduction the survival of many species (Dickman 2010,
Treves & Santiago-Avila 2020). These threats are
In areas where large carnivores and humans particularly acute for species that occur primarily
overlap, farmer-carnivore conflict is widespread. outside of protected areas, and those that are also
The resulting threats, both real and perceived, highly threatened with extinction, such as cheetahs
drive persecution of carnivores which threatens (Acinonyx jubatus) and African wild dogs (Lycaon
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pictus). Repetitive livestock depredation can also
cause considerable financial strain for farmers
(Butler 2001, Holmern et al. 2007).

Some farmers use lethal-control in a bid to curb
livestock losses, reduce carnivore numbers or
merely in retaliation for past losses. Such practice
can be common, such as in South Africa where
90% of farmers were reported to purposefully kill
carnivores (van Niekerk 2010). In Botswana, it is
legal for a farmer to defend their life or livelihood
(e.g. livestock) using lethal means, so long as it is
reported to the Department of Wildlife and National
Parks within seven days (Botswana Government
1992). In general, lethal control is damaging to the
environment (Graham et al. 2005, McManus et al.
2015) and has been found to have negligible effects
on future livestock losses (Marker et al. 2003a, Fox
& Papouchis 2005, McManus et al. 2015), especially
through the “sinkhole effect” phenomenon (Stahl
et al. 2001, Woodroffe & Frank 2005, Baker et al.
2008). These negative effects can be particularly
profound when indiscriminate lethal control is
used (McManus et al. 2015). In some areas, the
extirpation of entire species has been witnessed,
creating trophic cascades in the ecosystem with
unexpected and sometimes severe ramifications
(Berger 2006).

Ideally, measures taken to mitigate farmer-
carnivore conflict should consider the widespread
implications for both the humans and the wildlife
involved — one that has minimal negative impacts
on wildlife and one that is beneficial to the farmer.
No one mitigation method is a panacea for all
farms or all conflicts, as the effectiveness of each
method or combination of methods depends on a
complex array of factors (Hodkinson et al. 2007).
However, it is thought that a combination of two
or more mitigation techniques will usually result
in a significant reduction in livestock losses (Fox &
Papouchis 2005, Gehring et al. 2010). With proper
management and effective mitigation methods in
place, coexistence between farmers and carnivores
is possible even at high human densities (Linnell
et al. 2001).

One method that selectively targets the problem-
causing carnivore, reduces livestock losses for
extended periods, is cost effective, easy to source
and implement, has minimal negative impacts on
the environment and involves minimal harm or
stress to the target species, is the use of livestock
guarding dogs (Pfeifer & Goos 1982, Marker et al.
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2003b, 2005, Macdonald & Baker 2004, Mitchell
et al. 2004, Shivik 2004, 2006, Nyhus et al. 2005,
Woodroffe & Frank 2005, Woodroffe et al. 2005,
Gehring et al. 2010, Rigg et al. 2011, Thorn et al.
2012, van Bommel & Johnson 2012, Potgieter et al.
2013, Rust et al. 2013, Leijenaar et al. 2015, Treves
et al. 2016, Allen et al. 2019, Kinka & Young 2019).
LGDs can be characterised as dogs, regardless
of their breed, that live full time with livestock
and perform the function of actively deterring
carnivores (Young et al. 2019). LGDs achieve this
by interrupting the carnivores’ hunting sequences,
chasing carnivores away, alerting the herd to
danger and by acting as a biocontrol measure
(Linnell et al. 1996, Gehring et al. 2010, Allen et al.
2019, Drouilly et al. 2020).

Although the history of the use of LGDs
worldwide has been well documented (Landry
1999, Rigg 2001, Gehring et al. 2010), few studies
describe the modern use of LGDs outside formal
placement programmes. The use of LGDs has
been encouraged by carnivore conservation
organisations since the 1970s as a tool to help protect
carnivores from persecution and there are several
organisations within Africa that conduct formal
placement programmes (Landry 1999, Marker et
al. 2005, Gehring et al. 2010, Potgieter et al. 2013,
2016). Monitoring the performance of these dogs,
however, is somewhat biased due to the intensive
training offered by these organisations. The expert
training provided, and the fact that LGDs which
do not perform well are swiftly removed from
these programmes (Marker et al. 2005, Cheetah
Outreach 2013, Whitehouse-Tedd et al. 2020)
may bias these samples towards well-behaved
LGDs. Considering that most farmers do not have
access to these formal placement programmes,
nor the finances to purchase or maintain the
kinds of purebred dogs that they recommend, it
is important to assess how LGDs are used outside
of these programmes. Such an assessment would
provide a greater understanding of the real-world
applications of LGDs, and a chance to consider
the use of LGDs as an ongoing, sustainable tool to
mitigate farmer-carnivore conflict.

Historically, the wuse of LGDs in Botswana
developed organically via a small number of
farmers, rather than through the involvement of an
outside organisation. These farmers selected dogs
and implemented training and placement strategies
based on their own experiences and knowledge.
The first reference of LGDs in Botswana appear in
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Horgan (2015) and Hovorka & Van Patte (2017).
However, a small number of farmers were using
LGDs in Botswana when Cheetah Conservation
Botswana (CCB) began investigating the technique
as a conflict mitigation tool in 2004 (R. Klein,
pers. comm.). Consequently, the type of dog most
often used for LGDs in Botswana are local, small-
medium-sized, landrace dogs, referred locally as
“Tswana” dogs (also referred to as “street dogs” or
“Canis Africanis”, Lord et al. 2014). In some cases,
landrace dogs have been found to be effective
LGDs if trained properly and fed well (Black &
Green 1985, Coppinger et al. 1985, Ribeiro 2004,
Gonzalez et al. 2012), but their effectiveness has
never been quantified in Africa.

Smaller dogs, like Tswana dogs, are generally better
suited for hot, arid conditions compared to larger
LGD breeds, such as Anatolian shepherds, great
Pyrenees or maremmas, which were originally
bred to endure colder climates in Europe (Gehring
et al. 2010, Hovorka & Van Patte 2017, Losey et al.
2020). Having small-sized LGDs may also minimise
damage to livestock and wildlife, as small LGDs
would be more likely to be submissive to livestock
and could cause less damage to wildlife species
if they develop hunting behaviours (Black 1981,
Potgieter 2011). On the other hand, smaller LGDs
may be more susceptible to attacks by carnivores
and may not be suitable to guard against large or
aggressive carnivores (Bangs et al. 2005, Urbigkit
& Urbigkit 2010, Losey et al. 2020).

Anecdotal evidence from CCB indicated that
these small, Tswana LGDs were outperforming
their large, purebred counterparts as livestock
guardians. Therefore, we aimed to identify the
key components that make LGDs successful in
Botswana by measuring the health and behaviour
of the LGDs, determining the costs and benefits
involved in owning LGD, investigating whether
LGDs reduced livestock losses and whether they
improved relationships between their owners and
carnivores on their farms.

Material and Methods

Study area

Botswana is a semi-arid to arid country that is
characterized by high temperatures and low,
inconsistent rainfall with an annual mean of 425
mm (Statistics Botswana 2013a). The country has
two distinct seasons, with higher temperatures and
most of the rainfall falling in the summer months
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(November-February), and cooler temperatures
and almost no rainfall during the rest of the
year (Statistics Botswana 2013a). The majority
of Botswana consists of the flat sandveld of the
Kalahari Desert, which hosts a variety of savanna
habitat that is dominated by thorn bush species
such as black thorn Senegalia mellifera, camel
thorn Vachellia erioloba, trumpet thorn Catophractes
alexandri, buffalo thorn Ziziphus mucronata and
devil thorn Tribulus terrestris. There are two distinct
types of farming ventures in Botswana, commercial
farms are generally large, fenced ranches, with
large paddock sizes ranging from 10-2,000 hectares
(Statistics Botswana 2013b). Traditional farming
dominates the remaining agricultural landscape
and is carried out on communal, unfenced land
and is generally farmed in a subsistence manner
(Fraser-Celin et al. 2017, Statistics Botswana 2019).
Livestock on both commercial and communal
farmlands are usually managed with very little
human involvement (Muir 2010, Fraser-Celin et
al. 2017). The majority of Botswana’s farmers have
small herds of cattle (< 50), goats and sheep and
farm them in a subsistence manner on communal
farms (Statistics Botswana 2019).

Questionnaire design and implementation

Questionnaires were designed to cover a range of
aspects related to LGD breed, care, health, training
and behaviour, farm management and livestock
information, carnivore issues and attitudes related
to conservation (a copy of the questionnaire is
available in Appendix S1). An initial pilot study
was conducted via a postal survey (n = 33) and
interviews (n=1) to increase readability, toimprove
the validity of the responses gained from the survey
and to identify problems with the format (Frohlich
2001). Questionnaires were administered between
May 2010 and May 2013. Due to the large region
of study, a range of methods were used to increase
maximum sample size. Postal surveys were
chosen as the primary method of data collection,
as research has suggested that postal surveys are
ideal for investigating sensitive topics such as lethal
predator control (Siemiatycki 1979). Postal surveys
do, however, bias against people who are illiterate
(McCluskey & Topping 2011). Therefore, in-
person interviews and telephone interviews were
also included. The questionnaire was constructed
using mostly closed-ended questions to obtain
quantitative data, and pre-formatted scales to
increase readability (Frohlich 2001). Four-point
Likert scales were used to avoid neutral answers,
however “unknown” options were available
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for most questions to decrease the levels of non-
response bias in individual questions (White et
al. 2005). Translations were made from English
into the two major written languages in the area
(Setswana and Afrikaans) and the questionnaires
were distributed in all three languages. All
respondents had the right to decline to participate,
had the details of the research explained to them a
priori, and were anonymised in the analyses.

A total of 228 questionnaires were received
from farmers across Botswana. However, we
removed all pilot questionnaires (n = 34), repeat
questionnaires (n = 23), those that answered only
a small subset of the questions (n = 59), and those
that clearly related to a pet dog and not LGD (e.g.
respondent did not have any livestock, n = 6). A
total of 106 questionnaires were used for analysis,
representing 183 LGDs.

Data analysis

To determine a health care score for each LGD,
farmers were asked to report on the number of
health problems their LGD had, such as parasites
and diseases. For each report a score of one was
recorded, where no health problems were listed
these were given a score of zero (range zero to
three). Similarly, we created a discipline score
based on the number of negative behaviours
reported by the farmer with respect to chasing or
injuring livestock, chasing or injuring game or not
staying with the livestock herd (range zero to six).

Linear models (LM) using maximum likelihood
were used to assess several predictor variables
(breed, sex, diet, age group, number of LGDs
owned by the farmer, parentage of the LGD (i.e. if
parent dogs were LGDs or not) and the presence
of herders during training) that were considered
to influence either LGD health or behaviour. In
the questionnaire farmers reported breed and
also whether their dogs were crossed or not, and
these were categorised into four groups: Anatolian
shepherds including crosses (nine LGDs from four
farmers), purebred dogs (greyhounds, pitbulls and
one referred to as a “Staiker”) including crosses (31
from 20 farmers), Tswana (124 from 75 farmers),
and Tswana-cross (Tswana dogs crossed with any
purebred, 20 from 11 farmers). For diet, the variety
of foods listed by farmers in the diet of the LGDs
was simplified to two categories: pap (maize meal)
only, or a variety of food. For the age of LGDs,
farmers were asked to report the age in one of five
categories (< 18 months, 1.5-3 y, 3-6 y, 6-10 y, > 10
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y) as recording an exact age proved difficult for
farmers during the pilot study. If farmers had more
than one dog, we included the number of dogs
owned, but recorded data separately according to
breed. In cases where multiple dogs were owned,
sex was recorded as male, female or mixed (i.e.
both males and females). Herder presence during
training of the LGD was recorded (yes or no) and
also whether the LGD’s parents were LGDs or not
(both parents’” LGDs, LGD mother, LGD father or
both pets). For our linear models we used breed,
diet, age, the number of dogs and sex as potential
predictors of health and breed, diet, age, the number
of dogs, herder presence and parentage as potential
predictors of behaviour (disciplinary problems). As
the same farmer was used where multiple breeds
were owned (n = 3), we initially included Farmer’s
ID as a random effect in our linear-mixed models,
but the inclusion of this variable did not improve
model fit and so was removed.

Farmers were asked to report on the average
number of livestock lost annually before and after
utilising LGD. We calculated a change in livestock
loss by subtracting the loss after receiving an
LGD from losses prior to obtaining an LGD. We
considered whether breed, sex, the number of
dogs, farm type (commercial or communal farms)
and herd size (range 8-141) influenced the change
in loss using a general linear model. Farmers were
also asked whether they were more tolerant of
carnivores since using LGD and whether they were
less likely to use lethal control since using a LGD.
We scored all yes answers as one and no answers
as zero. A generalised linear model (GLM) with a
binomial error distribution and logit link function
was used to determine whether farm, breed and
length of time using LGDs (range 2-28 years) and
change in livestock loss, affected the probability
of having an improved level of tolerance toward
carnivores or a willingness to forego lethal control.

As there were missing data across the range
of predictor and response variables in the
questionnaires, we chose to wuse multiple
imputation using the Amelia package (Honaker
et al. 2011) to increase efficiency, and reduce the
bias that can result from using case wise deletion.
We ran five imputations for our dataset and used
the Zelig Package in R (Choirat et al. 2017) to run
our models. We used Akaike Information Criteria
corrected for small sample size (AICc) for model
selection using the first imputation for each model,
but used all imputations for the final results of the
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top performing model. All models were checked
to ensure that the assumptions were met and
assessed for model fit by plotting residuals. All
analyses were run in the R programming language
(version 4.0.2, R Development Core Team 2017)
and significance was set at P < 0.05.

We calculated the costs associated with owning an
LGD which included purchase price, food, medical
and other reported expenses. Whereby total food
costs were stated by farmers who owned more
than one LGD, the total costs were divided by the
number of dogs owned. All monetary values are
represented in US Dollars and were converted
from Botswana Pula at a rate of BWP1 = USDO.11.

Results

The majority of the 106 farmers completed the
questionnaires in Setswana (72.1%), while a smaller
proportion were completed in English (23.5%)
and Afrikaans (4.4%). Most farmers were from
communal grazing areas (73.2%), while 23% were
from commercial ranches and a small percentage of
farmers (3.8%) did not state their farm type. Most
of the questionnaires were completed by interview
(48.1%), with the remaining done by post (36.8%)
or telephone (15.1%).

A variety of carnivore species were present on the
respondents’ farms (e.g. cheetahs, lions Panthera

Every dog has its day: Tswana dogs as livestock guardians

leo, leopards Panthera pardus, African wild dogs)
and black-backed jackals (Canis mesomelas) were
ranked as the biggest problem-causing carnivore
(77.6% of respondents reported them to be
“causing problems” which could include anything
from chasing, injuring or killing livestock or other
domesticanimals to damaging farm infrastructure).
Apart from LGDs, several management methods
that were believed to help minimise livestock losses
were being utilised by the respondents, the most
common being corralling (kraaling) livestock at
night (50% of respondents), using herders (35.8%)
and utilising lambing/kidding seasons (where
lambs or kids are born only at a certain time each
year rather than all year round (16%)).

Less than half of the 183 LGDs were reported
to suffer from various health ailments (n = 79,
43.1%). The main health issues were parasites
(23%) and physical injuries (13.5%) and several
unclear causes (7%). Most of the physical injuries
resulted from interactions with wildlife, primarily
snakebites, porcupines (Hystrix africaeaustralis),
hyaenas (Parahyaena brunnea and Crocuta crocuta)
and monitor lizards (Varanus niloticus). There were
significant effects of the quality of the diet and
the number of LGDs owned by a farmer on the
health score of LGDs (Table 1). Farmers who fed
their LGDs a variety of food reported fewer health
problems. Similarly, farmers with fewer LGDs
reported fewer health problems (Fig. 1).

Fig. 1. The relationship between the number of LGDs owned by a farmer and LGD diet on the healthcare score
(increasing health problems) reported by farmers. 95% confidence intervals are shown by shading.
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Table 1. Results of the top performing Linear Model for determining key factors affecting the health score and discipline score of LGDs

in Botswana.

Response Predictors Estimate SE z P

Healthcare score  Intercept 0.50 0.23 2.20 0.03
Diet — variety -0.50 0.23 -2.21 0.03
Number of dogs 0.21 0.09 2.40 0.02

Discipline score Intercept 3.13 0.71 443 0.00
Breed - pure -2.19 0.77 -2.83 0.00
Breed - Tswana -2.26 0.71 -3.18 0.00
Breed — Tswana cross -1.92 0.82 -2.34 0.02
Parent — LGD father 0.52 0.56 0.92 0.36
Parent — LGD mother 0.67 0.49 1.36 0.17
Parent — pet -0.16 0.35 —0.46 0.64

LGDs showed a strong level of attentiveness,
with 82.4% of farmers reporting the LGD stayed
with the herd all of the time, 15.9% stayed most
of the time and only 1.7% reporting occasionally
staying with the herd. Despite LGDs remaining
with the herd, 60.3% of the dogs were reported
to show disciplinary problems. These behaviours
included chasing or injuring livestock (25.7%
often, 6.7% rarely) and chasing or injuring wildlife
(13.4% often, 6.1% rarely). Our top-ranking model
for the discipline scores showed that breed was
a significant factor (Table 2). Farmers owning
Anatolians reported significantly more behavioural
problems than those who owned other purebreds,
Tswana or Tswana-crosses (Fig. 2). In terms of

the presence of aggressive guarding behaviours,
34.3% of respondents said that their LGDs attacked
threatening carnivores. Other behaviours cited
included barking (60.8% of LGDs), chasing (23.5%),
bluff attacks (4.2%), herding the livestock (2.4%)
and ignoring the threat (4.2%).

Farmers were asked to report on the purchase
prices of their LGDs and to estimate the annual
costs for their dogs (Table 3). The proportion of
farmers who purchased their LGDs was low, with
only 10.5% of Tswana-cross, 13.9% of Tswana
and 50% of non-Tswana dogs (Anatolians or
purebreds) being purchased. The vast majority
of Tswana LGDs (85.2%) were either bred by the

Fig. 2. Model expected relationship of LGD breed types with discipline score (95% confidence intervals) reported

by the farmer.
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Table 2. Results of the model selection analysis for Healthcare and Discipline models using Akaike Information Criteria (AIC).

Model Model parameters K AICc Delta AICc Weight LogLik
Healthcare  Diet + number dogs 4 21584 0 0.69  -103.73
score Diet + number dogs + breed 7 21818 2.33 021  -101.55
Diet + number dogs + age 8 22131 5.46 0.04 -101.95
Diet + number of dogs + sex 9 22236 6.52 0.03  -101.29
Diet + number dogs + breed + age 11 22294 7.10 0.02 -99.14
Number dogs 3 225.87 10.03 0 -109.83
Diet + number dogs + age + sex 10 226.09 10.25 0 -101.94
Diet + number dogs + breed + age + sex 13 227.68 11.84 0 -98.97
Diet 3 229.67 13.82 0 -111.72
Discipline score Breed + parent 8 388.32 0 0.28  -185.46
Breed 5 388.44 0.12 026  -188.94
Breed + sex 7 38855 0.23 025  -186.73
Breed + sex + parent 10 390.25 1.92 011  -184.02
Breed + sex + parent + herder 11 392.02 3.70 0.04 -183.68
Breed + sex + parent + number dogs 11 39211 3.79 0.04 -183.72
Breed + sex + parent + number dogs + 12 393.77 5.44 0.02  -183.29
herder
Breed + sex + parent + number dogs + 16 403.09 14.77 0 -182.65

herder + age

owner themselves, given to the farmer or found Anatolians and purebred dogs were the most
by the famer and therefore purchase price was nil  expensive dogs to purchase. Purebred and Tswana
in these cases. Of those dogs that were purchased, cross dogs were the most expensive LGDs to feed.

Fig. 3. Model expected change in livestock loss relative (95% confidence intervals) relative to the composition of
sex of LGDs of farmers. Values set for other variables include average herd size, average number of dogs owned
and for commercial farmers.
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Tswana dogs had, on average, higher medical costs
than other breeds.

The majority of famers reported that their LGDs
successfully protected their livestock (93.4%).
Only a few disagreed (2.8%) or did not respond
(3.8%). Similarly, almost all farmers would
recommend the use of LGDs (97.2%). Only one
percent would not (1.8% did not respond). For
farmers who had originally experienced some
level of livestock loss and reported both before
and after losses (n = 73), 47.9% reported that they
had their losses reduced to zero after using LGD.
Most of these respondents (60%) had lost large
numbers of livestock (10+ animals annually) prior
to getting LGD. There were no reports by any
farmer that showed an increase in loss levels after
receiving LGD. However, a small number of
farmers (n = 10) reported continually high levels
of loss both before and after using LGDs. Our
top performing model for assessing changes in
livestock loss found that LGD sex, farm type and
the number of LGDs owned by farmers were
important in influencing loss (Table 4). Farmers
who had both male and female LGDs had lower
reductions in their livestock losses compared to
farmers who had LGDs of the same sex (Fig. 3).
Farmers who had more dogs had lower livestock
losses and this was also seen for farmers on
commercial farms.

The majority of farmers (57.5%) stated they were
“more tolerant of carnivores since using LGD”
compared to 27.4% who disagreed, whereas
15% did not answer. Of those that responded to
questions regarding lethal control (n = 92), 25%
of farmers stated that they “have never used
lethal control”, 45.7% of farmers agreed that they
would “not use lethal control now I have a LGD”,
8.7% would use lethal control legally and only if
they “have livestock losses and can confirm the
problem animal whilst abiding by Department of
Wildlife regulations”, 1.1% would “assess when it
happens” and 19.5% of farmers would “continue
to use lethal control on predators”, whether they
experienced livestock losses or not. The level
of tolerance and the likelihood of using lethal
control since using a LGD were not significantly
affected by any of our predictor variables (Table 4).
Despite the top performing model for tolerance of
carnivores including the length of time a farmer
had utilised a LGD, this was not significant. Top
performing models ranked using AICc are shown
in Table 5.
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Table 4. Results of the top performing Linear Model for determining key factors affecting change in livestock loss and farmer attitudes

toward carnivore tolerance and lethal control.

Response Predictors Estimate SE z P
Livestock change Intercept -6.56 6.70 -0.98 0.33
Sex — female 13.61 4.92 2.76 0.01
Sex —male 10.66 4.61 2.31 0.02
Herdsize 0.09 0.05 1.86 0.06
Farmtype — communal —7.85 3.32 —2.37 0.02
Number of dogs 5.36 1.91 2.81 0.00
Tolerance (Intercept) 0.09 0.40 0.23 0.82
Length own LGD 0.06 0.04 1.35 0.18
Lethal control Intercept -0.07 0.19 -0.38 0.71

Discussion

For a type of dog that is only recently being
recognised as LGD, the Tswana landrace dogs
showed comparative effectiveness, preferable
behaviour and greater cost-efficiency than their
European counterparts when used in Botswana.

The ability of LGDs in our study to reduce
livestock losses to carnivores was comparable
with other countries (Marker et al. 2005, Rust et
al. 2013), which is especially impressive when it
is considered that the LGDs in our study did not
benefit from assistance or outside training in any
way. Although modelling of these data indicates
that livestock reductions were not influenced by
breed, the number of LGDs being used by any
one farmer and the sex of the LGDs did influence
performance. It was interesting that the farmers
who had both male and female LGDs reported
significantly lower reductions in livestock losses.
It is not clear why mixed pairs would be less
effective in reducing livestock loss, this may be
due to behavioural dominance between sexes or
distractions caused by mating behaviours (Rigg
2005) and further investigations with larger sample
sizes would be beneficial. What is clear is that
LGDs have the ability to significantly reduce levels
of depredation on a farmers’ small stock (goats
and sheep) and should be considered as a tool
to preferably be combined with other mitigation
measures such as corralling livestock, herders,
adaptive management and even deterrents (Bruns
et al. 2020).

Although disciplinary problems were common
in our study, it was notable that the instances of
behavioural problems within the entire sample
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were within the ranges of other LGD studies
(Green et al. 1984, Coppinger et al. 1988, Hansen
& Smith 1999, Potgieter et al. 2013, Zingaro et al.
2017, Young et al. 2019, Whitehouse-Tedd et al.
2020). What was interesting was that our results
showed that Anatolian shepherds displayed
significantly more behavioural problems than
other breeds. This finding matches previous
studies that have shown that Anatolians often
display overly aggressive behaviours (Coppinger
et al. 1988, Green & Woodruff 1988, 1990) and can
cause considerable damage to both target and non-
target wildlife species (Potgieter et al. 2013, 2016).
Numerous studies have reported on the extent to
which LGDs may cause damage to threatening and
non-threatening wildlife (Potgieter et al. 2013, 2016,
Kelly 2018, Drouilly et al. 2020) and although our
study looked at the rates of chasing and injuring
wildlife and livestock, the numbers of wildlife and
livestock killed by the LGDs themselves were not
validated. It has been suggested that smaller and
more timid LGDs may have less negative impact
on wildlife (Black 1981, Potgieter 2011), and further
investigations into exactly how many target and
non-target species are killed or injured by LGDs in
Botswana would be highly beneficial.

The comparison between the disciplinary problems
observed in the LGDs in our study and those in
other studies is important considering that ours
consisted entirely of LGDs that were placed and
trained by the owners themselves. This “in house”
placement means that the farmers did not receive
any institutional assistance compared to LGD
placement programmes run by Non-Government
Organisations (NGOs) who provide LGDs with
continuous, repetitive monitoring, and corrective
training where necessary (Marker et al. 2005,
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Table 5. Results of the model selection analysis for change in livestock loss, tolerance and lethal control models using Akaike Information

Criteria (AIC).

Response Model parameters K AICc Delta AICc Weight LogLik

Change in livestock ~ Sex + farmtype + herdsize + number of

loss dogs 7 916.88 0 0.37  —450.89
Sex + farmtype + number of dogs 6 917.39 0.51 029 —452.29
Sex + herdsize + number of dogs 6 919.84 2.96 0.08 —453.51
Farmtype + number of dogs 4 919.87 2.99 0.08  —455.75
Sex + number of dogs 5 920.51 3.63 0.06  —454.97
Herdsize + number of dogs 4 920.75 3.87 0.05 —456.18
Number of dogs 3 921.75 4.87 0.03 —457.76
Farmtype + herdsize + number of dogs
+breed 8 923.33 6.45 0.01 45295

Tolerance Length LGD 2 145.60 0.00 0.28 -70.75
Intercept 1 146.24 0.64 0.20 -72.10
Length LGD + farmtype 3 146.29 0.69 0.20 -70.03
Length LGD + change LL 3 147.35 1.75 0.12 -70.56
Length LGD + farmtype + change LL 4 147.83 2.23 0.09 -69.73
Length LGD + breed 5 147.95 2.35 0.09 -68.69
Eree“j;h LGD+farmtype+changeLL* 7 5055 493 002 6772

Lethal control Intercept 1 154.38 0.00 0.28 -76.17
Length LGD 2 154.56 0.18 0.26 -75.23
Farmtype 2 156.42 2.03 0.10 -76.15
Change LL 2 156.42 2.04 0.10 -76.15
Length LGD + change LL 3 156.56 2.17 0.10 -75.17
Length LGD + farmtype 3 156.66 2.28 0.09 -75.22
Farmtype + change LL 3 158.48 4.10 0.04 -76.13
Length + farmtype + change LL 4 158.68 4.29 0.03 -75.15

Potgieter etal. 2013). Corrective training is arguably
the most important part of interventions provided
by external organisations (Green et al. 1984, Hansen
et al. 2002, Marker et al. 2005, Whitehouse-Tedd
et al. 2020). For example, a large portion (44%) of
LGDs in South Africa ceased misbehaving when
corrective training was administered (Whitehouse-
Tedd et al. 2020) and it can be assumed that the
LGDs in our study that had “rare” disciplinary
problems also responded to the corrective training
carried out by their owners.

Tswana LGDs proved to be a cheaper alternative
to Anatolians and other purebred LGDs when
it came to the costs to obtain the dogs and their
feeding. Considering that 85.2% of Tswana LGDs
were sourced for free, and even those that were
purchased averaged only $9, which means that
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financial restrictions should not inhibit farmers
from sourcing and training their own landrace
LGDs. The significantly lower food costs for
Tswana dogs in our study (average of $90/year),
is considerably lower than other programmes,
such as $268-750 for Anatolian shepherd LGDs
from Cheetah Conservation Fund’s programme
in Namibia (Rust & Marker 2013) or $142 for
Patagonian LGDs in Gonzalez et al. (2012) (which
are referred to as “mixed-breeds” but from their
description are likely to be landrace dogs). This
difference could be explained by the low protein
requirements of landrace dogs (Hovorka & Van
Patte 2017). One distinct benefit of the cheap initial
financial outlay of Tswana LGDs is that it does not
take a long time before they become profitable.
Whereas with more expensive breeds it can take
two-three years before a dog saves enough livestock
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to pay for its purchasing cost (Marker et al. 2005,
van Bommel & Johnson 2012). The average yearly
cost of the dogs in our study (food, medical and
other — $109) are still significantly lower than those
stated in other studies (e.g. Gehring et al. 2010 —
$1,040 and Ostavel et al. 2009 — €750). It is unclear
why Tswana LGDs reported higher medical costs
as they had comparable health scores to other
breeds, though it is possible that the larger sample
size of Tswana dogs simply represented a greater
number of dogs needing medical care than the
other LGD types. The financial costs of NGO-led
LGD placement programmes is significant. For
example, Cheetah Outreach Trust spends $2,780
for each Anatolian LGD that is placed (Rust et al.
2013) while CCB’s new placement program spends
$230 to place each Tswana LGD (CCB, unpublished
data). Based on these results, LGD placement
programmes might cut costs significantly while
maintaining high levels of effectiveness, if they
instead utilised landrace dogs.

It is important to note that our study only
investigated the direct costs and benefits of
LGDs. However, a long list of indirect costs and
benefits also play important roles in influencing
the attitude of the owner and the conservation
impact of the LGD. Time spent training the dog,
feeding the dog, and caring for the dog as well as
time spent worrying about the dog or monitoring
the dog can all be considered indirect costs that
were not quantified by our study. Similarly, the
direct costs associated with livestock that had
been injured or killed by the LGD itself, including
medical costs associated with treating injured
livestock were entered in the “other costs” section
of this questionnaire by some farmers, though
it was not investigated thoroughly. Similarly,
indirect benefits have been cited as important in
reducing human-wildlife conflict (Barua et al.
2013) and in this context could include the peace
of mind associated with owning a successful LGD,
the time a farmer saves by not having to attend
to the livestock themselves, or the time taken to
find them in the bush and bring them back to the
farm, and the emotional impacts avoided by not
losing their animals to carnivores. Further studies
looking into the indirect costs and benefits
associated with LGDs, especially in regard to how
these influence attitudes towards carnivores would
be beneficial.

Numerous studies have investigated the
effectiveness of LGDs at reducing livestock losses
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(Marker et al. 2005, van Bommel & Johnson 2012,
Potgieter et al. 2013, Rust et al. 2013, Leijenaar et
al. 2015). However, the degree to which a LGD’s
effectiveness influences a farmers’ willingness
to persecute carnivores is often assumed and not
quantified. The finding that 19.5% of farmers in
our study stated that they would continue to use
lethal control despite having an effective LGD is
concerning. Although still less than the 90% of
farmers in South Africa that were reported to use
lethal means to control carnivores (van Niekerk
2010), this figure implies that farmers in Botswana
are willing to indiscriminately kill carnivores
rather than targeting them in response to livestock
attacks. Lethal control in itself can be damaging to
wildlife but also counterproductive for reducing
livestock losses (McManus et al. 2015, Thorn et
al. 2015, Treves et al. 2016, Nattrass et al. 2019).
However, indiscriminate killing of carnivores has
been cited as one of the biggest threats to wildlife
populations (Thorn et al. 2015). Our findings
reinforce the need for future studies to consider the
link between livestock depredation and carnivore
persecution. In addition, the influence of successful
LGDs on a farmers” willingness to kill carnivores
should be investigated further. Nevertheless,
45.7% of farmers said they would no longer use
lethal control of carnivores now that they have a
LGD, which still indicates a positive conservation
impact for these LGDs.

Our study relied on farmers’ self-reports of annual
average livestock losses both before and after
they used LGDs (sensu Marker et al. 2005). No
validation of these losses was possible due to the
large sample size, the magnitude of the study area,
and the historical nature of the reports. Although
perception plays a huge role in conflict situations
and, as such, the perceived losses hold value in
assessing a farmers’ belief in how effective their
LGDs have been, it should be noted that this self-
reporting method does not reliably measure actual
livestock loss over time, especially in the event
of reporting historical data. This method of data
collection therefore comes with its own inherent
bias (Stone et al. 2009). However, self-reporting or
respondent perceptions are often the only way to
gather meaningful data on livestock losses.

Although our study is one of the few to
demonstrate differences between landrace LGDs
and other breeds, it is important to note that the
sample sizes were skewed heavily towards Tswana
and Tswana-cross dogs and further investigations
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with more robust sample sizes for purebred dogs
would be beneficial.

The comparable performance of Tswana LGDs in
reducing livestock losses and maintaining better
disciplinary scores than Anatolian shepherds
suggests that they should not only be considered
as a cheaper alternative but also one that requires
less supervision and corrective training than
Anatolian shepherd LGDs. Small body size has
been associated with lower food demands (Losey
et al. 2020), which may explain the Tswana dogs’
lower food costs. Placement programmes initiated
by NGOs could save considerable expenses if
they purchased landrace puppies from their local
farmers, if they are available. Furthermore, an
approach that promotes the use of landrace dogs as
LGDs sourced and trained by farmers themselves
but providessupportin veterinary care of corrective
training where needed (Ribeiro et al. 2017), may be
more cost-effective at increasing the use of LGDs
at a larger scale (Dickman et al. 2018). Using this
approach, CCB has seen an increase in the use of
LGDs from 5% in 2005 to 38% in 2019 (Cheetah
Conservation Botswana, unpublished data) which
is considerably higher than the 4% of farmers using
LGDs in South Africa (van Niekerk 2010). In terms
of scaling up, such an approach might be the most
efficient way to help more farmers reduce livestock
losses and for conservation organisations to create
more widespread conservation impacts.
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