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Pastoralists and their livestock have long competed with wildlife over access to grazing on shared rangelands. In
the dynamic 21st century however, the configuration and quality of these rangelands is changing rapidly.
Climate change processes, human range expansion, and the fragmentation and degradation of rangeland habitat
have increased competition between pastoralist livestock and wildlife. Interactions of this type are particularly
apparent in East Africa, and perhaps most obvious in northern Kenya. In 2017, following months of intense
drought, a pastoralist incursion of a protected area (Loisaba Conservancy) occurred in Laikipia County, Kenya.
An estimated 40,000 livestock were herded onto the conservancy by armed pastoralists where the cattle were
grazed for approximately three months. Using 53 camera trap sites across the 226 km2 conservancy, we quan
tified spatial patterns in site visitation rates (via spatially-explicit, temporally-dynamic Bayesian models) for
seven species of large mammalian herbivores in the three-month period directly before, during, and after the
incursion. We detected significant changes in space use of all large mammalian herbivores during the incursion.
Furthermore, these patterns did not return to their pre-incursion state in the three-month period after the pas
toralists and their livestock left the conservancy. Thus, in addition to reduced site vitiation rates for these large
mammalian herbivores, we also detected considerable displacement in response to the livestock incursion. Our
results illustrate that pastoralist incursions can cause large-scale disruptions of wildlife space use, supporting the
notion that livestock can competitively exclude large mammalian herbivores from grazing access. We discuss the
implications of this research for applied management decisions designed to alleviate competition among wildlife
and pastoralist livestock for the benefit of wildlife conservation and pastoralist well-being.

1. Introduction
Competition between wildlife and pastoralist livestock over access to
rangeland habitat has become an important conservation challenge in
the 21st century (Kassahun et al., 2008; Ogutu et al., 2009; Otuoma
et al., 2009; Papanastasis, 2009; Lankester and Davis, 2016). This
problem is complex, multi-faceted, and lacks a clear solution given
divergent viewpoints of stakeholders in relation to principles of wildlife

conservation and ethics associated with pastoralist well-being (Redpath
etal., 2013; Mason et al., 2018). While competition between wildlife and
livestock occurs worldwide, it is often most intense in the Global South
(Western et al., 2009). Livestock dependency has increased dramatically
in the Global South, where meat production tripled between 1980 and
2002 (World Bank, 2009; Thornton, 2010; Weiss et al., 2010; Bonny
et al., 2015; Machovina et al., 2015). Furthermore, as livestock are often
grazed on open rangelands in the Global South, the potential for
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competition with sympatric wildlife communities is particularly high
(Rannestad et al., 2006; Odadi et al., 2007; Sitters et al., 2009).
East African savannas are landscapes where pastoralists, livestock,
and large mammalian herbivores have interacted for thousands of years
(Otuoma, 2004; Ogutu et al., 2016). These landscapes tend to support
high mammalian diversity (Georgiadis et al., 2007; Shorrocks, 2007;
Goheen et al., 2018) and large numbers of livestock (Nelson, 2012;
Ogutu et al., 2016). Pastoralists inhabiting savanna landscapes typically
graze livestock across broad rangelands in search of water and produc
tive grasses (Western & Finch, 1986; Reid & Ellis, 1995; Butt, 2010;
Lengoiboni et al., 2011). These movements are often phenological and
correlated with seasonal variation in water and grass availability (Egeru,
2016). Movements and migrations of large mammals are similarly
influenced by these factors (Mose et al., 2013; Teitelbaum et al., 2015).
Thus, there is strong potential for competition, and potentially conflict,
between pastoralist livestock and wildlife.
Such competition can be intensified via dynamic landscape processes
including habitat fragmentation and climate change, both of which can
decrease the extent and quality of rangelands (Stiling & Moon, 2005;
Walck et al., 2011). Furthermore, overgrazing is a common outcome of
unresolved competition between livestock and wildlife (Rowntree et al.,
2004; Bilotta et al., 2007; Niamir-Fuller et al., 2012). Overgrazing can
damage grass root stock preventing the plant’s energy reserves from
promoting regrowth (Keine, 2009). Such effects can subsequently alter
ecological succession, nutrient cycling, and landscape heterogeneity
with corresponding fitness-related impacts on both the wildlife and
livestock that depend upon these rangelands (Ceballos & Ehrlich, 2002;
Balmford et al., 2003; Stiling & Moon, 2005; Walck et al., 2011). In these
ways, human health can also be affected by reduced milk and meat
production of these livestock (Randolph et al., 2007; World Bank, 2009;
Kimman et al., 2013). Consequently, sustainable solutions designed to
alleviate potential conflicts between livestock and wildlife over shared
rangelands are much needed (Bilotta et al., 2007; Niamir-Fuller et al.,
2012).
Kenya is a global hotspot for pastoralist livestock and wildlife ran
geland competition (Gadd, 2005; Tyrrell et al., 2017). There are 17
different pastoralist tribes in Kenya that depend upon livestock for their
livelihoods and well-being (KNBS, 2009). These include the Maasai,
Samburu, Turkana, and Pokot, among others (Ameso et al., 2018; Pas,
2018). In February 2017, pastoralists from northern Kenya forcibly
grazed upwards of 40,000 livestock onto the Loisaba Conservancy in
Laikipia County. Movement of these pastoralists, many armed with as
sault rifles, was motivated by a severe drought that was affecting their
home counties. This pastoralist incursion resulted in a state of insecurity
characterized by banditry, cattle rustling, proliferation of illegal fire
arms, poaching, and property vandalism. Pastoralists grazed their live
stock on conservancy lands for approximately three months before
moving northward following local depletion of rangeland grasses.
Pastoralist incursions of this type represent a potentially major distur
bance for sympatric wildlife communities, though the magnitude of
these effects remain unclear.
Here, we examined the impacts of this pastoralist incursion on the
space use of seven species of resident large mammalian herbivores in
Loisaba Conservancy. Using a camera trapping network, we evaluated
site visitation rates of large mammal herbivores maintaining browsing,
grazing, and mixed feeding life histories in the periods preceding, dur
ing, and directly after the incursion. Given rapid growth in meat de
pendency and ongoing climate dynamics, there is good reason to believe
that pastoralist incursions will become more common in future both in
Kenya and throughout the Global South. Thus, documenting the impacts
of livestock-wildlife interactions can yield information that is essential
for interventionist planning designed to alleviate such conflict. Within
this context, we discuss the implications of our study for conservation
practice in rangelands of East Africa and beyond.

2. Methods
2.1. Study site
Loisaba Conservancy (N 0◦ 36.41, E 36◦ 48.23, elevation range of
1,400 to 1,800 m) is a 226 km2 protected area in Laikipia County, Kenya
(Fig. 1). The conservancy is positioned within a broad matrix of private
and community-owned lands and features resident herds of livestock
that are managed to generate revenue for the conservancy and local
human communities. The northern portion of the conservancy consists
of relatively flat, open grassland with scattered shrubs and acacia
(Acacia spp.) bushes and trees. The Ewaso Narok and Ewaso Nyiro rivers
meet at the southeastern edge of the conservancy (Fig. 1). Large, rocky,
and flat top escarpments and drainages dominate much of the southern
portions of the conservancy. The climate is semi-arid with a pronounced
rainy season from April to May and lesser rainy seasons in July/August
and October/November. The main dry season is from December to
March.
The incursion, which started in February of 2017, was triggered
when pastoralists, from northern counties in Kenya, entered Loisaba
Conservancy to graze some 40,000 head of livestock. By force, the
armed-pastoralists maintained their position in the conservancy for
three months, before departing to return to their home counties.
2.2. Experimental design
We deployed camera traps across 53 sites in Loisaba Conservancy
between June 2016 and October 2017 (Fig. 1). We positioned these
camera traps across the entire study area maintaining a minimum
spacing between sites of at least 1.5 km. We affixed each camera trap to a
tree approximately 40–50 cm above the ground to passively capture
large mammalian herbivores. All camera traps were oriented to be
northerly facing so as to reduce the probability of false triggers associ
ated with the arc of the sun (Moll et al., 2020). We programmed cameras
to capture one photograph per trigger with re-triggers occurring every
five seconds thereafter. We assessed large mammalian herbivore site
visitation rates over a 15-month period. Specifically, we sampled; i) a
14-week period prior to the incursion (June – September 2016), ii) a
three-week period during the incursion (March – April 2017), and iii) a
14-week period that began two months after conclusion of the incursion
(July – October 2017). The sampling period during the incursion was
limited to three weeks because of the inherent dangers of field work,
widespread vandalism, and physical damage to camera traps by pasto
ralists and livestock. We examined and managed all resultant photos to
identify large mammalian herbivores in Digikam software.
2.3. Modeling framework
We used a Bayesian site visitation model (Kays et al., 2017; Moll
et al., 2018) to evaluate large mammal spatial dynamics before, during,
and after the incursion. Given our interest in pastoralist-livestock
competition, we modeled occurrence of wildlife species most likely to
be affected by the incursion (i.e., browsers, grazers, and mixed feeders).
Browsing species, which forage on the leaves, shoots, or fruits of woody
plants and shrubs, included the reticulated giraffe (Giraffa camelopar
dalis reticulata) and eland (Taurotragus oryx; Codron et al., 2007;
O’Connor et al., 2015). Grazing species, that predominantly consume
grass, included African buffaloes (Syncerus caffer), plains zebras (Equus
quagga burchelli), and Grevy’s zebras (Equus grevyi; Codron et al., 2007;
Hibert et al., 2010). Finally, mixed feeders, which forage on both grass
and browse, included African elephants (Loxodonta africana) and impala
(Aepyceros melampus; Hibert et al., 2010; Landman et al., 2018). Given
differences between the mixed feeding species in body size, predator
avoidance strategies, and life history (Gordon, 2003; Anderson et al.,
2016; Ashiagbor & Danquah, 2017) however, we modeled elephants and
impala separately.
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Fig. 1. The study area in the 226 km2 Loisaba Conservancy situated in Laikipia County, Kenya.

For each large mammalian herbivore life history group, we quanti
fied the number of times per week that these species were detected at a
camera trap (hereafter referred to as site visitation rate) as a function of
incursion period (i.e., pre-, during, and post-incursion) and landscape
covariates. Site visitation rate can be interpreted as an index of the in
tensity of space use across the landscape (Kays et al., 2017; Moll et al.,
2018). To avoid pseudo replication and help ensure temporal indepen
dence of site visit data, we omitted site visits of the same species that
occurred within 60 min of a previous visit by a member of that species
(Burton et al., 2015; Wang et al., 2015).
We modeled site visitation rates using a negative binomial distri
bution to account for overdispersion in the data (Greene, 2008). We
included covariates that evaluated effects of: i) incursion period, ii) four
landscape covariates that we expected to influence large mammalian
herbivore space use, and iii) interaction terms between incursion period
and each of the four landscape covariates. We included these interaction
terms to assess the possibility that relationships between site visitation
rates and landscape covariates might fundamentally shift during the
pastoralist incursion as wildlife sought forage and water resources while
coping with this landscape-level disturbance event. Correlation co
efficients among covariates in all periods (preceding, during, and after
incursion) were <0.56, indicating that our covariates lacked
collinearity.

vital resource (Rondinini et al., 2011). As human habitations are known
to influence space use of large mammalian herbivores (Ogutu et al.,
2017), we also examined proximity to tented tourist camps, lodges,
ranger posts, and the conservancy administrative headquarters. Finally,
despite Loisaba Conservancy being unfenced at the time of incursion, we
calculated proximity to the boundary given that edge effects may affect
large mammal occurrence in this system (Xavier et al., 2018).

2.4. Landscape covariates

2.5. Model analysis and predictions

We considered four landscape covariates known to influence large
mammal space use (Guo et al., 2017; Soofi et al., 2018), and expressed
each as a raster at a 30 m resolution across the study area extent
(Table 1). Using Euclidean distance estimators we calculated (in meters)
proximity to the; i) nearest dam, ii) river, iii) human habitation, and iv)
conservancy boundary. Loisaba Conservancy owns several dams that
form reservoirs for the provision of water to wildlife and conservancy
livestock. Thus, we calculated distance to dams and rivers to model the
relationship between large mammalian herbivore visitation rate and this

We fit these models using a Bayesian framework and Markov Chain
Monte Carlo simulations in both R (R Core Team, 2017) and JAGS
(Plummer, 2003) via the package R2jags (Su & Yajima, 2012; see model
code in Appendix A). For each model (i.e., one model each for grazers,
browsers, and the two mixed feeding species), we ran three chains of
8,000 iterations, each following a burn-in of 2,000 iterations and thin
ned chains by four. We used diffuse priors for all covariates (Kéry &
Royle, 2015) and checked for model convergence using R-hat statistics
(values for all parameters were < 1.1; Gelman & Hill, 2007). We

Table 1
Landscape covariates used in site visitation models for large mammalian her
bivores in relation to a pastoralist incursion in Loisaba Conservancy, Kenya,
June 2016 – October 2017.
Covariate

Description

Distance to dam
Distance to boundary

Euclidean distance (m) of each camera trap site to dam
Euclidean distance (m) of each camera trap site to
boundary of the conservancy
Euclidean distance (m) of each camera trap site to closest
human habitation1
Euclidean distance (m) of camera trap site to the main
river (the Ewaso Nyiro)

Distance to human
habitation
Distance to river
1

Several areas of human habitation exist in Loisaba Conservancy including
tented tourist camps, campsites, an airstrip, ranger posts, and the administration
headquarters.
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assessed model fit using posterior predictive checks and Bayesian pvalues by comparing a Chi-squared discrepancy statistic calculated
using the data with an analogous statistic calculated using data simu
lated from the fitted model (Kéry & Royle, 2015). Bayesian p-values
values near 0.5 indicate an excellent fit and extreme values near one or
zero indicate poor fit (Kéry & Royle, 2015). We checked for spatial
autocorrelation among model residuals by plotting spline correlograms
of Pearson’s residuals summed across sites (Rhodes et al., 2009; Moll
et al., 2018). Finally, we used the fitted models to produce spatiallyexplicit predictive maps of large mammal space use in the pre-, dur
ing, and post-incursion periods.

week post-incursion (Appendix A).
The large mammalian herbivores exhibited a diversity of associa
tions with the four landscape covariates, and several of these associa
tions changed across periods (Fig. 2; Appendix A). Browsers, grazers,
and impala exhibited similar associations with all four covariates. These
three groups decreased site visitation rates near dams, but only during
the post-incursion period (Fig. 2; Appendix A). Conversely, these groups
increased site visitation rates near human habitation, but again only
during the post-incursion period (Fig. 2; Appendix A). All three groups
had high site visitation rates near the boundary of the conservancy in the
pre- and post-incursion periods, but this association was not present
during the incursion (Fig. 2, Appendix A). Finally, in these three groups,
the strongest change in spatial association across periods related to the
major rivers in the southeast portion of the conservancy. The three
groups all tended to visit sites near the rivers more frequently during the
pre-incursion period, but this association strongly reversed during the
post-incursion period (Fig. 2; Fig. 3). In contrast with these three groups,
elephants exhibited more consistent associations with the landscape
covariates across the periods, although during the incursion they
increased site visitation rates near the rivers (Fig. 2; Appendix A).
Spatial model predictions of the model coefficients illustrated
markedly different patterns for all large mammalian herbivore groups in
all three periods (Fig. 4). During the pre-incursion period, browsers,
grazers, and impala tended to visit sites near the conservancy borders,
and this tendency was strongest at the southeast border near the major
rivers (Fig. 1; Fig. 4). During the incursion, browsers and impala
concentrated their site visits in the central portion of the conservancy,
while grazers were highly dispersed (Fig. 4). Then, during the postincursion period, all three groups tended to return to visiting sites
near the conservancy boundary, although this tendency was no longer
strongest near the major rivers as it was in the pre-incursion period
(Fig. 4). In contrast, elephants broadly distributed their site visits across

3. Results
Across the 53 sites, camera traps were active for 379 weeks (178, 40,
and 161 weeks in the pre-, during, and post-incursion periods, respec
tively). Our cameras recorded 2,200 visits of the large mammalian
herbivores. Impala were the most-commonly detected species (n = 751
site visits), while African buffalo were least-commonly detected (n = 43
site visits). Bayesian p-values indicated good to excellent fit for all
models (pgrazers = 0.60, pbrowsers = 0.64, pelephant = 0.56, pimpala = 0.63).
Spline correlograms indicated lack of spatial autocorrelation among the
residuals in all models (Appendix A).
The mean site visitation rates (i.e., the intercepts in Fig. 2 and Ap
pendix A) illustrate that browsers were detected across all camera traps
comparably in each period. The mean site visitation rates for grazers
were highest during the incursion, lowest during the incursion for ele
phants, and highest post-incursion for impala (Fig. 2). Elephants
exhibited the strongest negative response to the incursion (Fig. 2). For
example, during the pre-incursion period, the mean visitation rate across
all sites for elephants was 1.19 visits/week. This rate dropped to 0.01
visits/week during the incursion, then slightly increased to 0.21 visits/

Fig. 2. Posterior means (circles) and 95% credible intervals (lines) for parameters from site visitation models for three large mammal herbivore groups (browsers,
grazers, and mixed feeders [elephant and impala]). Models were fit to camera trap data collected from 53 sites in Loisaba Conservancy, Kenya between June 2016
and October 2017. See Table 1 for covariate descriptions. The intercept indicates the natural log of mean site visitation rate. Black, light gray, and dark gray lines
indicate predictions for the pre-, during, and post-incursion periods.
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Fig. 3. Model predictions of site visitation rate as a function of distance to the nearest major river for three large mammal herbivore groups (browsers, grazers, and
mixed feeders [elephant and impala]). Models were fit to camera trap data collected from 53 sites in Loisaba Conservancy, Kenya between June 2016 and October
2017. Black and gray dashed lines indicate predictions during the pre- and post-incursion periods, respectively.

the conservancy pre-incursion, with a hot spot of visitation near a dam
located far from human habitations (Fig. 1; Fig. 4). As noted above, both
during the incursion and following it, elephants were rarely detected,
and site visitation rates were consistently low across the conservancy
(Fig. 4).

visitation rates for elephants in the post-incursion period were consid
erably lower than in the pre-incursion period (Fig. 3). Thus, the un
derlying mechanisms associated with these patterns suggest that
livestock, with movement organized by their pastoralists, competitively
excluded large mammalian herbivores during this incursion.
The capacity for livestock to competitively exclude resident large
mammals has been observed in a variety of systems around the world
(Prins, 1992; Mishra et al., 2002; Madhusudan, 2004; Kinga et al.,
2018). Cattle are grazing specialists (Coppock et al., 1986) and thus, the
highest potential for competitive exclusion is expected for large
mammalian herbivores maintaining grazing life histories (Hibert et al.,
2010). Within Loisaba, such competition principally relates to buffalo
and zebra which are often observed to conflict with cattle on shared
rangelands (McNaughton & Georgiadis, 1986; Beekman & Prins, 1989).
During the incursion, we found that the site visitation rates for the
grazers were very low and widely dispersed among the conservancy
(Fig. 3). Such competition has also been found to be greatest during the
dry season when resources are finite (Fritz et al., 1996; Sitters et al.,
2009; Odadi et al., 2011), as supported by our results.
In addition to exclusion from access to productive grass, livestock
can prevent wildlife access to sources of water. Water is a vital resource
for livestock and wildlife on rangelands (Didier et al., 2011; Ontita,
2012) and this resource was particularly scarce during the time period
that we assessed given months of drought in northern Kenya. Thus, the
relationships that we observed with respect to proximity to rivers

4. Discussion
We detected significant changes in the space use of seven large
mammalian herbivore species in response to the large-scale pastoralist
incursion in Losiaba Conservancy. Specifically, all large mammalian
herbivores exhibited variable responses to the landscape covariates
(including proximity to rivers, dams, human habitations, and the
conservancy boundary) that we assessed in the pre-, during, and postincursion periods (Fig. 2). These relationships were most dissimilar
across periods when assessing the proximity to rivers covariate (Fig. 3).
Prior to the incursion, the site visitation rates for all large mammalian
herbivores were highest in the habitat nearer to the rivers. These re
lationships were completely opposing for almost all species in the threemonth period after the incursion (Fig. 3). The one species for which site
visitation rate was consistently nearer to the rivers in both periods was
the elephant (Fig. 3). When compared to other large mammalian her
bivores, elephants in Laikipia County have been observed to be less
affected by the potential for direct competition with cattle (Thouless,
1994; Young et al., 2005). However, it is important to note that the site
5
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Fig. 4. Spatial predictions of site visitation rates for browsers, grazers, and mixed feeders (elephant and impala) from models fit to camera trap data collected from
53 sites in Loisaba Conservancy, Kenya between June 2016 and October 2017. The X and Y axes are UTM coordinates. Site visitation rate axes vary among plots.

(Fig. 3), might suggest that large mammalian herbivores were moving
away from rivers that were actively drying up in the drought. Or the
patterns could indicate that livestock effectively pushed the large
mammalian herbivores away from riverine habitat (Fig. 3). Though el
ephants have been observed to chase and even kill cattle over access to
shared water sources (Thouless, 1994), we suspect that the vast number
(in excess of 40,000) of livestock that were a part of this incursion was
overwhelming even for the largest resident mammal.
Observing the trends of our analysis spatially (see Fig. 4) provides
another means to assess the impacts of this pastoralist incursion. In the
pre-incursion period, the predicted site visitation rates for browsing,
grazing, and mixed feeding species were highest nearest to the rivers
(Fig. 4). During the incursion however, the site visitation rates for most
of these species were highest in the interior of the reserve (Fig. 4). We
infer that these species were using the dams, which tend to be centrally
located in the conservancy, for provisioned water sources. We also
acknowledge that these trends could be explained by wildlife seeking
refuge habitat among the human habitations within the conservancy,
which are also centrally located. If so, then these predictions could be
explained by wildlife seeking refuge among people (i.e., the human
shield effect; Berger, 2007; Muhly et al., 2011; Goldberg et al., 2014).
Such a human shield may have been deployed by these large mammalian
herbivores not only because of conflict with livestock, but also because
the armed pastoralists were observed to consumptively poach wildlife

during the incursion. Consumptive poaching represents the illegal har
vest of wildlife for the purpose of meat consumption (sensu Montgomery,
2020) and has been observed during long-distance movements of many
pastoralists (Western et al., 2009; Ogutu et al., 2016). Higher site visi
tation rates in the interior of the conservancy were most obvious for
impala and the browsing species (i.e., giraffes and eland) which are
often targeted by poachers in Kenya (Okello et al., 2015a, 2015b).
The site visitation rates were reduced for all seven large mammalian
herbivores in response to this incursion event. These results are, at least
partially, attributable to displacement from the conservancy by live
stock. Loisaba Conservancy is unfenced and we observed many wildlife
to leave the boundaries of the protected area during this incursion event.
However, the lower site visitation rates that we observed in the postincursion period may also be indicative of wildlife mortality. Unfortu
nately, concurrent population monitoring was not conducted in Loisaba
at this time and so, the demographic consequences of this incursion
remain unclear. Anecdotally however, wildlife carcasses were common
in the period directly after the incursion suggesting that the pastoralist
incursion reduced survivability of wildlife. These effects were exacer
bated by the fact that local grasses in the conservancy were greatly
depleted by the 40,000 head of livestock that were a part of this
incursion in tandem with the coupled drought. Thus, there may be
lingering long-term fitness consequences for wildlife of this pastoralist
incursion.
6
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Although East Africa supports some of the highest large mammalian
herbivore diversity on earth (Ogutu et al., 2016), our analysis demon
strates that spatial dynamics of these species can be strongly altered by
sudden, large-scale, and unregulated pastoralist incursions. Endemic
wildlife species have been locally extirpated around the world via
displacement associated with livestock farming (Hempson et al., 2017).
Thus, our results speak to the importance of guarding against pastoralist
incursions for the conservation of wildlife. However, we also emphasize
that the principles of wildlife conservation must be balanced in relation
to values that promote pastoralist well-being. Within this context, we
cannot lose sight of the seminal importance of local human heritage in
wildlife conservation practices (Montgomery et al., 2020). Pastoralism is
an integral component of human heritage around the world (Ulvevadet
and Hausner, 2011; Namgay et al., 2013; Cormack, 2016). In Northern
Kenya, pastoralists continue to lose rangelands due to human population
growth, habitat fragmentation, and climate change (Pas, 2018, 2019).
These processes are predicted to intensify in future, which will likely
only exacerbate competition and conflict between wildlife and pasto
ralist livestock. Thus, progressive policies and management decisions
are needed that integrate pastoralist communities into conservation
activities so as to ease tension over rangeland habitat (Keesing et al.,
2018). Furthermore, the results of our analysis have implications for
other pastoralist-wildlife systems around the world. Tensions over ac
cess to natural resources are on the rise globally (Laurance et al., 2014;
Curtis et al., 2018; Mach et al., 2019) and particularly as it relates to
livestock and wildlife conservation (Lamprey and Reid, 2004; Thornton,
2010; Palmer, 2014; Reid et al., 2016). We highlight that failure to
proactively address natural resource competition of this type will only
weaken conservation practice and threaten the well-being of pastoralists
in these coupled human and natural systems.
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Kéry, M., & Royle, J. A. (2015). Applied Hierarchical Modeling in Ecology: Analysis of
distribution, abundance and species richness in R and BUGS: Volume 1: Prelude and
Static Models. Academic Press.
Kimman, T., Hoek, M., De Jong, M.C.M., 2013. Assessing and controlling health risks
from animal husbandry. NJAS – Wageningen J. Life Sci. 66, 7–14.
Kinga, G.W., Mironga, J., Odadi, W.O., 2018. Analysis of the spatial relationship between
cattle and wild ungulates across different land-use systems in a tropical savanna
landscape. Int. J. Ecol. 2018, 1–12.
Lamprey, R.H., Reid, R.S., 2004. Expansion of human settlement in Kenya’s Maasai
Mara: what future for pastoralism and wildlife? J. Biogeogr. 31, 997–1032.

CRediT authorship contribution statement
Symon Masiaine: Conceptualization, Data curation, Formal anal
ysis, Funding acquisition, Investigation, Methodology, Validation,
Visualization, Writing - original draft, and Writing - review & editing.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements
Thanks to Loisaba Conservancy management and The Nature
Conservancy for granting access to the site for this study and to Twiga
Walinzi for their support and collaboration. Thanks also to the Loisaba
Conservancy security team headed by D. Scott. Support for this project
was provided by the MasterCard Scholarship Foundation, Michigan
State University, San Diego Zoo Institute for Conservation Research, and
the Giraffe Conservation Foundation. We thank M. Verch, J. Gantt, and
L. Thielman for processing camera trap images.
References
Ameso, E., Bukachi, S., Olungah, C., Haller, T., Wandibba, S., Nangendo, S., 2018.
Pastoral Resilience among the Maasai Pastoralists of Laikipia County, Kenya. Land 7,
78.
Anderson, T.M., White, S., Davis, B., Erhardt, R., Palmer, M., Swanson, A., Kosmala, M.,
Packer, C., 2016. The spatial distribution of African savannah herbivores: species
associations and habitat occupancy in a landscape context. Philos. Trans. Royal
Society B: Biol. Sci. 371 (1703), 20150314.
Ashiagbor, G., Danquah, E., 2017. Seasonal habitat uses by Elephants (Loxodonta
africana) in the Mole National Park of Ghana. Ecol. Evol. 7 (11), 3784–3795.
Balmford, A., Green, R.E., Jenkins, M., 2003. Measuring the changing state of nature.
Trends Ecol. Evol. 18 (7), 326–330.

7

S. Masiaine et al.

Ecological Indicators 121 (2021) 107091
Pas, A., 2018. Governing grazing and mobility in the Samburu Lowlands, Kenya. Land 7,
41. https://doi.org/10.3390/land7020041.
Pas, A. (2019). Pastoralists, Mobility and Conservation: Shifting rules of access and
control of grazing resources in Kenya’s northern drylands (Doctoral dissertation,
Department of Human Geography, Stockholm University).
Papanastasis, V.P., 2009. Restoration of degraded grazing lands through grazing
management: Can it work? Restor. Ecol. 17, 441–445.
Plummer, M. (2003). JAGS: A program for analysis of Bayesian graphical models using
Gibbs sampling. In Proceedings of the 3rd international workshop on distributed
statistical computing (Vol. 124, No. 125.10).
Prins, H.H.T., 1992. The pastoral road to extinction: competition between wildlife and
traditional pastoralism in East Africa. Environ. Conserv. 19, 117–124.
Randolph, T.F., Schelling, E., Grace, D., Nicholson, C.F., Leroy, J.L., Cole, D.C., Ruel, M.,
2007. Invited review: role of livestock in human nutrition and health for poverty
reduction in developing countries. J. Anim. Sci. 85, 2788–2800.
Rannestad, O.T., Danielsen, T., Moe, S.R., Stokke, S., 2006. Adjacent pastoral areas
support higher densities of wild ungulates during the wet season than the Lake
Mburo National Park in Uganda. J. Trop. Ecol. 22, 675–683.
R Core Team, 2017. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Berkeley, California, USA.
Redpath, S.M., Young, J., Evely, A., Adams, W.M., Sutherland, W.J., Whitehouse, A.,
Amar, A., Lambert, R.A., Linnell, J.D., Watt, A., Gutierrez, R.J., 2013. Understanding
and managing conservation conflicts. Trends Ecol. Evol. 28, 100–109.
Reid, R.S., Ellis, J.E., 1995. Impacts of pastoralists on woodlands in South Turkana,
Kenya: livestock-mediated tree recruitment. Ecol. Appl. 5, 978–992.
Reid, R.S., Nkedianye, D., Said, M.Y., Kaelo, D., Neselle, M., Makui, O., Ogutu, J., 2016.
Evolution of models to support community and policy action with science: Balancing
pastoral livelihoods and wildlife conservation in savannas of East Africa. Proc. Natl.
Acad. Sci. 113, 4579–4584.
Rhodes, J.R., McAlpine, C.A., Zuur, A.F., Smith, G.M., Ieno, E.N., 2009. GLMM applied
on the spatial distribution of koalas in a fragmented landscape. In: Mixed effects
models and extensions in ecology with R. Springer, New York, New York,
pp. 469–492.
Rondinini, C., Di Marco, M., Chiozza, F., Santulli, G., Baisero, D., Visconti, P.,
Hoffmann, M., Schipper, J., Stuart, S.N., Tognelli, M.F., Amori, G., 2011. Global
habitat suitability models of terrestrial mammals. Philos. Trans. Royal Soc. B: Biol.
Sci. 366, 2633–2641.
Rowntree, K., Duma, M., Kakembo, V., Thornes, J., 2004. Debunking the myth of
overgrazing and soil erosion. Land Degrad. Dev. 15, 203–214.
Shorrocks, B., 2007. The biology of African Savannahs. Biol. Afr. Savannahs.
Sitters, J., Heitkönig, I.M.A., Holmgren, M., Ojwang, G.S.O., 2009. Herded cattle and
wild grazers partition water but share forage resources during dry years in East
African savannas. Biol. Conserv. 142, 738–750.
Soofi, M., Ghoddousi, A., Zeppenfeld, T., Shokri, S., Soufi, M., Jafari, A., Chahartaghi, N.
R., 2018. Livestock grazing in protected areas and its effects on large mammals in the
Hyrcanian forest, Iran. Biol. Conserv. 217, 377–382.
Stiling, P., Moon, D.C., 2005. Quality or quantity: the direct and indirect effects of host
plants on herbivores and their natural enemies. Oecologia 142, 413–420.
Su, Y. S., & Yajima, M. (2012). R2jags: A Package for Running jags from R. R package
version 0.03-08, URL http://CRAN. R-project. org/package= R2jags.
Teitelbaum, C.S., Fagan, W.F., Fleming, C.H., Dressler, G., Calabrese, J.M.,
Leimgruber, P., Mueller, T., 2015. How far to go? Determinants of migration
distance in land mammals. Ecol. Lett. 18, 545–552.
Thornton, P.K., 2010. Livestock production: recent trends, future prospects. Philos.
Trans. Royal Soc. B: Biol. Sci. 365, 2853–2867.
Thouless, C.R., 1994. Conflict between humans and elephants on private land in northern
Kenya. Oryx 28, 119–127.
Tyrrell, P., Russell, S., Western, D., 2017. Seasonal movements of wildlife and livestock
in a heterogeneous pastoral landscape: implications for coexistence and community
based conservation. Global Ecol. Conserv. 12, 59–72.
Ulvevadet, B., Hausner, V.H., 2011. Incentives and regulations to reconcile conservation
and development: thirty years of governance of the Sami pastoral ecosystem in
Finnmark, Norway. J. Environ. Manage. 92 (10), 2794–2802.
Walck, J.L., Hidayati, S.N., Dixon, K.W., Thompson, K., Poschlod, P., 2011. Climate
change and plant regeneration from seed. Glob. Change Biol. 17, 2145–2161.
Wang, Y., Allen, M.L., Wilmers, C.C., 2015. Mesopredator spatial and temporal responses
to large predators and human development in the Santa Cruz Mountains of
California. Biol. Conserv. 190, 23–33.
Weiss, J., Gibis, M., Schuh, V., Salminen, H., 2010. Advances in ingredient and
processing systems for meat and meat products. Meat Sci. 86, 196–213.
Western, D., Finch, V., 1986. Cattle and pastoralism: survival and production in arid
lands. Human Ecol. 14, 77–94.
Western, D., Groom, R., Worden, J., 2009. The impact of subdivision and sedentarization
of pastoral lands on wildlife in an African savanna ecosystem. Biol. Conserv. 142,
2538–2546.
World Bank. (2009). Minding the Stock: Bringing Public Policy to Bear on Livestock
Sector Development. Report No. 44010-GlB, (44010), 1–92.
Xavier da Silva, M., Paviolo, A., Tambosi, L.R., Pardini, R., 2018. Effectiveness of
Protected Areas for biodiversity conservation: mammal occupancy patterns in the
Iguaçu National Park, Brazil. J. Nature Conserv. 41, 51–62.
Young, T.P., Palmer, T.M., Gadd, M.E., 2005. Competition and compensation among
cattle, zebras, and elephants in a semi-arid savanna in Laikipia, Kenya. Biol. Conserv.
122, 351–359.

Landman, M., Kloppers, K., Kerley, G.I., 2018. Settling the browser-grazer debate for
African buffalo in grass-limited Eastern Cape thicket, South Africa. Koedoe 60, 1–4.
Lankester, F., Davis, A., 2016. Pastoralism and wildlife: historical and current
perspectives in the East African rangelands of Kenya and Tanzania. Revue
scientifique et technique (International Office of Epizootics) 35 (2), 473–484.
Laurance, W. F., Clements, G. R., Sloan, S., O’connell, C. S., Mueller, N. D., Goosem, M.,
... & Van Der Ree, R. (2014). A global strategy for road building. Nature, 513, 229232.
Lengoiboni, M., van der Molen, P., Bregt, A.K., 2011. Pastoralism within the cadastral
system: Seasonal interactions and access agreements between pastoralists and nonpastoralists in Northern Kenya. J. Arid Environ. 75, 477–486.
Mach, K.J., Kraan, C.M., Adger, W.N., Buhaug, H., Burke, M., Fearon, J.D., Roessler, P.,
2019. Climate as a risk factor for armed conflict. Nature 571, 193–197.
Machovina, B., Feeley, K.J., Ripple, W.J., 2015. Biodiversity conservation: the key is
reducing meat consumption. Sci. Total Environ. 536, 419–431.
Madhusudan, M.D., 2004. Recovery of wild large herbivores following livestock decline
in a tropical Indian wildlife reserve. J. Appl. Ecol. 41, 858–869.
Mason, T.H., Pollard, C.R., Chimalakonda, D., Guerrero, A.M., Kerr-Smith, C.,
Milheiras, S.A., Roberts, M., Ngafack, R., Bunnefeld, N., 2018. Wicked conflict: using
wicked problem thinking for holistic management of conservation conflict. Conserv.
Lett. 11, e12460.
McNaughton, S.A., Georgiadis, N.J., 1986. Ecology of African grazing and browsing
mammals. Annu. Rev. Ecol. Syst. 17, 39–66.
Mishra, C., Van Wieren, S.E., Heitkönig, I.M. and Prins, H.H., (2002). A theoretical
analysis of competitive exclusion in a Trans-Himalayan large-herbivore assemblage.
In Animal Conservation forum (Vol. 5, No. 3, pp. 251-258). Cambridge University
Press.
Moll, R.J., Cepek, J.D., Lorch, P.D., Dennis, P.M., Robison, T., Millspaugh, J.J.,
Montgomery, R.A., 2018. Humans and urban development mediate the sympatry of
competing carnivores. Urban Ecosyst. 21, 765–778.
Moll, R.J., Ortiz-Calo, W., Cepek, J.D., Lorch, P.D., Dennis, P.M., Robison, T.,
Montgomery, R.A., 2020. The effect of camera-trap viewshed obstruction on wildlife
detection: implications for inference. Wildlife Res. 47 (2), 158–165.
Montgomery, R.A., 2020. Poaching is not one big thing. Trends Ecol. Evol. https://doi.
org/10.1016/j.tree.2020.02.013.
Montgomery, R.A., Borona, K., Kasozi, H., Mudumba, T., Ogada, M., 2020. Positioning
human heritage at the center of conservation practice. Conserv. Biol. https://doi.
org/10.1111/cobi.13483.
Mose, V.N., Nguyen-Huu, T., Western, D., Auger, P., Nyandwi, C., 2013. Modelling the
dynamics of migrations for large herbivore populations in the Amboseli National
Park, Kenya. Ecol. Model. 254, 43–49.
Muhly, T.B., Semeniuk, C., Massolo, A., Hickman, L., Musiani, M., 2011. Human activity
helps prey win the predator-prey space race. PLoS ONE 6, e17050.
Namgay, K., Millar, J., Black, R., Samdup, T., 2013. Transhumant agro-pastoralism in
Bhutan: Exploring contemporary practices and socio-cultural traditions. Pastoralism:
Res. Policy Pract. 3, 13.
Nelson, F., 2012. Natural conservationists? Evaluating the impact of pastoralist land use
practices on Tanzania’s wildlife economy. Pastoralism: Res. Policy Pract. 2, 15.
Niamir-Fuller, M., Kerven, C., Reid, R., Milner-Gulland, E., 2012. Co-existence of wildlife
and pastoralism on extensive rangelands: competition or compatibility? Pastoralism,
Policy Pract. 2012 (2), 8.
O’Connor, D.A., Butt, B., Foufopoulos, J.B., 2015. Foraging ecologies of giraffe (Giraffa
camelopardalis reticulata) and camels (Camelus dromedarius) in northern Kenya:
effects of habitat structure and possibilities for competition? Afr. J. Ecol. 53 (2),
183–193.
Odadi, W.O., Young, T.P., Okeyo-Owuor, J.B., 2007. Effects of wildlife on cattle diets in
Laikipia rangeland, Kenya. Rangeland Ecol. Manage. 60, 179–185.
Odadi, W.O., Karachi, M.K., Abdulrazak, S.A., Young, T.P., 2011. African wild ungulates
compete with or facilitate cattle depending on season. Science 333, 1753–1755.
Ogutu, J.O., Piepho, H.P., Dublin, H.T., Bhola, N., Reid, R.S., 2009. Dynamics of MaraSerengeti ungulates in relation to land use changes. J. Zool. 278, 1–14.
Ogutu, J.O., Piepho, H.P., Said, M.Y., Ojwang, G.O., Njino, L.W., Kifugo, S.C.,
Wargute, P.W., 2016. Extreme wildlife declines and concurrent increase in livestock
numbers in Kenya: what are the causes? PLoS ONE 11, e0163249.
Ogutu, J.O., Kuloba, B., Piepho, H.P., Kanga, E., 2017. Wildlife population dynamics in
human-dominated landscapes under community-based conservation: the example of
Nakuru Wildlife Conservancy, Kenya. PLoS ONE 12, e0169730.
Okello, M.M., Muruthi, P., Bakari, S., Sitati, N.W., Ndambuki, S., NathanGichohi, D.K.,
Maliti, H., 2015a. Status and population trend of the common eland in the KenyaTanzania borderland: 2010 and 2013 survey analysis. Int. J. Biodivers. Conserv. 7,
254–266.
Okello, M.M., Kenana, L., Maliti, H., Kiringe, J.W., Kanga, E., Warinwa, F., Kimutai, D.,
2015b. Population status and trend of the Maasai giraffe in the mid Kenya-Tanzania
borderland. Natural Resour. 6, 159.
Ontita, E., 2012. Adapting to climate change through a paradigm shift in rural
development: the case of westgate conservancy in Samburu County, Kenya. Int. J.
Social Sci. Tomorrow 1, 1–8.
Otuoma, J., Kinyamario, J., Ekaya, W., Kshatriya, M., Nyabenge, M., 2009. Effects of
human-livestock-wildlife interactions on habitat in an eastern Kenya rangeland. Afr.
J. Ecol. 47, 567–573.
Otuoma, J., 2004. The effect of wildlife -Livestock-Human interactions on Habitat in the
Meru Conservation area, Kenya. Lucid Working Paper 1–44.
Palmer, L., 2014. A new climate for grazing livestock. Nat. Clim. Change 4, 321–323.

8

