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Grevy's zebra: the influence of
land use patterns on distribution
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The seasonal distribution and abundance of Grevy's zebra were studied in the
Samburu—Laikipia landscape. The aim was to understand how anthropogenic
activities combined with seasonal weather patterns influence Grevy's zebra
abundance and distribution. Distance sampling was used to estimate Grevy's zebra
and cattle densities while vegetation structure and composition were measured
using selected random line transects. Our analysis showed non-uniform distributions
of Grevy's zebra across the Samburu—Laikipia ecosystem largely driven by seasonal
changes in vegetation quality and quantity driven by seasonal rainfall patterns and
pastoralist herder use. Grevy's zebras were found at higher densities and larger herds
on community lands during wet periods when livestock grazing was heavy,
stimulating grass growth and producing short, high-quality swards. During dry
periods, Grevy's zebras moved to protected areas, commercial ranches, and
conservancies where lower levels of year-round grazing produced tall grass banks
composed of swards of low-quality vegetation that zebras as hindgut fermenters can
process. This suggests that pastoralist herd activity in conjunction with season rainfall
patterns shapes Grevy's zebra movements at a landscape level. While most
reproductive classes of Grevy's zebras occurred together in large herds during the
wet season mostly on pastoral grazing lands, during dry periods, only territorial
males, lactating females, and their foals were found together with herds that tended
to be small. Bachelor males, non-lactating females, and juveniles generally spread
themselves evenly over the landscape, perhaps as a way of reducing competition
during times of food scarcity or to secure mating. Conservation strategies for
successfully increasing survival of all Grevy's zebra age classes will require
maintaining a mixture of rapidly growing grass swards during the wet season and
grass bank reserves during the dry season at the regional scale in order to enable
seasonal movements across land use patterns driven by alternating rainfall periods. In
the past, people have been perceived as part of the “Grevy's zebra problem”. We
show, going forward, that they can become part of the solution.

distance sampling, density, grazing, movements, pastoralist, Grevy's zebras, grass
banks, mosaic landscapes
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Introduction

Fostering conservation of large-bodied and mobile endangered
species entails monitoring their distributions and abundances over
large areas (Ritchie et al., 2009). Ultimately, an understanding of the
impacts of habitat conversion, fragmentation, overexploitation, and
climate change on movements and habitat use (Jones, 2011) will be
required. Fretwell and Lucas (1970) demonstrated that movements
among habitat types by individuals of different age, sex, and
reproductive classes will be governed by the need to maximize fitness
and are likely to lead to differences in specific distributions on the
landscape. Thus, animals are expected to occur in large numbers in
preferred habitats that have high quality and abundant resources while
numbers are likely to be reduced in areas of lower-quality food and
where predators are active, especially for age, sex, and reproductive
classes most at risk. The persistence of an endangered species at a
landscape level is highly dependent on dispersal either as one large
population or smaller subpopulations depending on age, sex, and
reproductive class needs. Source-sink dynamics as well as biological
and environmental factors are likely to shape the distribution and
abundance of the entire population or subpopulations. Making
informed decision for management planning and conservation of an
endangered species on a variable landscape, such as the Grevy’s zebra
(Equus grevyi) (Oustalet, 1882), which number only approximately
2,800 worldwide (Rubenstein et al,, 2016), will require understanding
seasonal changes in the distribution and abundance of a population
and its underlying ecological causation. This will provide insights into
population trends that can be used to predict future demographic
outcomes depending on patterns of land use and climate change.

Grevy’s zebras are large grazing mammals that occupy the
northern regions of Eastern Africa ranging from northern Kenya
into parts of Ethiopia. [IUCN (2003); Williams (2002); Moehlman
et al. (2008), and Rubenstein et al. (2016) show that its range have
shrunk dramatically over the last 50 years and its population has
declined from 15,000 in the 1970s to under 2,800 by 2018, a 75%
decline globally, making it one of the most endangered mammal
species and has been on CITES Appendix I since 1979. Williams
(2002) describes the current range for Grevy’s zebra as the
Samburu-Laikipia landscape and some small pockets of Ethiopia.
Livestock grazing pressures, competition for water, poaching, and
habitat fragmentation and loss, among others, are factors proposed
to be the cause of Grevy’s zebra population and range decline
(Rubenstein et al., 2016; Berger-Wolf et al,, 2016). In the Samburu-
Laikipia landscape, Grevy’s zebras live on a variety of land use types
with varied management objectives. This will likely influence
Grevy’s zebra survival, distribution, and abundance, which is very
important in management.

The distribution and abundance of a species are shaped by its
physical environment. Variation in environmental conditions within a
habitat and across landscapes plays an important role in
understanding changes of animal abundance and distribution. Of
particular importance are changes in the distribution of food, water,
and predation levels (Owen-Smith et al., 2005). Rainfall variation and
its seasonality are the main environmental factors characterizing arid
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and semi-arid regions. Rainfall variation influences vegetation growth,
quality, and nutrient availability, which, in turn, influences herbivore
abundance and distributions (Coe et al., 1976; Fast, 1984; Scholes and
Archer, 1997; Woinarski et al., 1999). Altered and expanding patterns
of human land use intensified by climate change have induced changes
in weather and also modify rainfall patterns and water availability as
well as the size, dispersion, quality, and connectivity of grazing areas,
thus influencing animal distribution and abundances.

Rubenstein (2010) has illustrated that Grevy’s zebras live in a
fission-fusion society, and therefore, group or herd sizes are likely
to change depending on seasonal rainfall and weather patterns.
Also, individuals of various ages, sexes, and reproductive classes are
likely to associate and disassociate differently depending on
individual nutritional and energetic demands. Ruckstuhl and
Neuhaus (2002), Rubenstein (1986; 2010), and Odadi et al. (2011)
indicate that factors such as predation risk, facilitation by other
herbivores, forage quality, and quantity and availability of drinking
points shape activity budgets, thus governing the nature and
dynamics of fission-fusion societies. For Grevy’s zebras that live
in arid and semi-arid regions of the Samburu-Laikipia landscape
where rainfall is often unpredictable, we examined how seasonal
weather patterns and human activities of cattle grazing were likely
to influence group size, distribution, and abundance as well as
movement and association patterns by age, sex, and reproductive
class. Here, we show that (1) the overall distribution and abundance
of Grevy’s zebras changes seasonally, moving from areas of high
year-round cattle activity during the wet season where vegetation is
heavily cropped to areas of low year-round cattle density during the
dry season where grass banks are fostered; (2) while grass quality is
important in the wet season, it is grass abundance that influences
Grevy’s zebra distribution and abundance in the dry season; and (3)
reproductive classes distribute themselves differently across this
spatial-temporal mosaic, with lactating females moving to areas
of high vegetation abundance in the dry season with all other
reproductive classes distributing themselves more evenly across
land use types during dry periods.

Study area and methodology
Study area

The study was conducted between 2009 and 2015 in the
Samburu-Laikipia landscape located between 36°15'-38°00'E and
0°00'-1°00'N covering 15,634 km* (Figure 1). The study sites
included the West Gate Conservancy, the Ngaroni community
land, and the Sessia-Barsalinga community land, which are
community group ranches in the north; Buffalo Springs and
Samburu National Reserves, both protected areas (PAs) in the
north; Oldonyiro and Kipsing community areas in the middle;
and Laikipia community group ranches and Mpala Ranch both in
the south (Figure 1).

On this landscape, there is wide variation in seasonal rainfall,
largely affected by altitude and the fact that the Samburu-Laikipia
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FIGURE 1

Map of Kenya showing the study area and land use types occurring in the Samburu-Laikipia landscape. NR = National Reserve (dark green areas)
and since none of these large properties are fenced (turquoise and gray areas), there are no barriers constraining large-scale movements by Grevy's

zebras.

landscape lies on the lee side of both the Aberdares mountain range
and Mt. Kenya.

Study sites located in the south (Laikipia) receive more rainfall
ranging between 600 and -800 mm per annum (Jaetzold and
Schmidt, 1983) than in the northern part of the species' range
around Archer's post and Wamba town where yearly rainfall
averages approximately 250 mm per annum (Jaetzold and
Schmidt, 1983; Figure 2). The climate is hot and dry during the
day with cool nights while the mean annual temperature is 30°C
(SNR, 2003, unpublished technical report). The vegetation
communities fall under the “Agro-ecological zone V” consisting
largely of bush grassland and wooded grassland (Pratt et al., 1966).
The systems represented in the area include alternating savannah
mosaic, Vachellia grasslands, and Vachellia-Commiphora scrubs
(Pratt and Gwynne, 1977). Large areas of Vachellia tortilis wooded
grasslands with a ground cover of perennial and annual
grasses dominate.

In both counties, the onset and termination of seasons are highly
variable. In Samburu, the long and short rains typically occur between
February and April and between October and November, respectively.
In Laikipia, the long rains commence in March and end in early May to
July, whereas the short rains occur during October and November. As
Figure 2 shows, Laikipia also has a third rainy period from June
through August (“the summer rains”). Overall, Laikipia receives more
rain per month on average than Samburu.

Frontiers in Conservation Science

Oldonyiro Oommulpi'é Land

e

Kipsing Community Lan

Kalama
. Conservancy

Conservancy
Longopito
)

379450°E

Methodology

Land use types and patterns

In order to see the influence of different human activities on
Grevy’s zebra distribution and abundance, the study sites were
stratified into different land use types occurring in the area. These
include the following:

1. Laikipia ranches (LR), which mainly included Mpala
Ranch, but also Ol Jogi Ranch where livestock stocking
rates and controlled.

2. Community conservation areas (CCAs). These include
sections of areas set aside within pastoral group ranches
for conservation by Laikipia group ranches and the
conservancies of West Gate, Oldonyiro, and Sessia-
Barsalinga. These areas are only maintained as
conservation areas during wet periods and are the first to
serve as dry season livestock grazing areas by local
communities before herders look for grass elsewhere.

3. Community grazing areas (CGAs). These include CGAs in
Laikipia group ranches, the communities of West Gate, and
Sessia—Barsalinga, as well as Isiolo Trust Land, composed of
parts of the Oldonyiro and Kipsing communities. These
areas maintain high livestock densities throughout the year
and always look overgrazed.
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Rainfall patterns observed in Samburu and Laikipia study areas between 2009 and 2015.

4. PAs, which include Buffalo Springs and Samburu National
Reserves. These land use types attempt to exclude
pastoralist herds and, as a result, differ in the types and
degrees of human activities, which varied from one season
to another and therefore differentially impact Grevy’s zebra
distribution and abundance (Figure 1).

Determination of Grev's zebra and cattle
distribution and abundance

Grevy’s zebra and cattle distribution and abundances were
assessed using census routes that mimicked transect lines following
a systematic design to avoid double counting (Grimsdell, 1973;
Norton-Griffiths, 1978) effectively covering 25%-30% of each study
site. Distance sampling (Buckland et al, 2001) was applied on the
transects to determine Grevy’s zebra and cattle distribution and
abundance in the study area in both wet and dry season. Distance
sampling is based on the scenario of animals being distributed spatial-
temporally according to a stochastic process with rate parameter D
(density). Transects are placed at random or systematically to ensure
that objects in the survey strip are uniformly distributed in relation to
distance from the transect. Distance sampling rests on four basic
assumptions: (i) animals on the transect are always detected; (ii)
animal locations are always measured to the point where the animal
was first detected; (iii) distances to the animals and angles between the
animal and the transect are measured exactly; and (iv) herds are
counted accurately, at least when they are close to the transect
(Buckland et al, 2001). Grevy’s zebras and cattle are large and
conspicuous animals; thus, the first assumption is easily met. Here,
distance from observer to animal was measured using laser
rangefinders, thus supporting the second assumption. Transect
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direction and angle between animal and observer were determined
from an analog handheld compass, thus supporting the third
assumption. Perpendicular distance to the transect was calculated
using the angle between the transect and the animal and radial
distance from observer to animal. Finally, the fourth assumption
was met by recording length of censuses routes in kilometers from
the car odometer.

For each Grevy’s zebra or herds sighted, herd composition was
recorded by sex, age, and, within the sexes, reproductive class using
the method by Williams (1998). Females were only classified into
two classes—non-lactating females or lactating females—when
observed with a foal due to difficulties in distinguishing pregnant
females from other non-lactating females. Males were classified as
either bachelors or territorial males. Bachelor males occurred in
herds of two and above, while territorial males, which are large in
size, occurred mostly alone defending a territory. Territorial males
were always found to be vigilant, harassing other zebras and
scouting their territories in addition to mating with estrous
females (Ginsberg, 1988; Estes, 1997). Young individuals were
recorded as juveniles and foals in relation to their size, coat color,
or hair length compared to adults or association with a mother
(Ginsberg, 1988). Juveniles and foals were also further distinguished
as male or female using external genitalia, i.e., hanging penile and
scrotum for males or wide perineal area for females.

To obtain distribution data, each Grevy’s zebra location via
distance sampling was determined using a Garmin GPS, compass
direction, and distance from the census route. Grevy’s zebra
location data were superimposed into the map of the area using
ARCMAP to show distribution. Because both the total number of
Grevy’s zebra sighted along transects at each study site and the area
of each site varied, the analyses across space and time with respect
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to the number of Grevy’s zebras and cattle encountered per transect
in each study site and for each monthly census were converted into
densities per km?.

Grevy's zebra and cattle density determination

Grevy’s zebra and cattle densities were determined for each land
use type and compared across the seasons. The census data were
summarized into respective transects and pooled to obtain zebra
abundances for each study site. For each study site, summaries of
total number of Grevy’s zebra and reproductive classes were
obtained. The data were further analyzed using the program
Distance 6.0 (Thomas et al., 2010) to provide Grevy’s zebra and
reproductive class densities for each site.

Density was estimated using the following equation using the
Distance software:

D =n/2WLPa

where D is the density, # is the number of individuals detected,
W is the effective animal observation width, L is the length of census
routes, and Pa is the detection probability.

Pa=u/W

where p is half effective width (Buckland et al., 1993).

To analyze animal density, exact perpendicular distances were
used and the zebra herds or other animals were treated as one
group. The same treatment was applied to the different reproductive
classes of Grevy’s zebra. Only territorial males known not to
associate with others were treated as individual observation rather
than herd. For each census visit and on each census route, we
evaluated half-normal, hazard, and uniform models with cosine and
simple polynomial adjustments and chose the final model based on
a minimum AIC value on Distance Program 6.0 release 2 (Akaike,
1974; Burnham and Anderson, 2002). For this analysis, half-normal
models with cosine adjustment or hazard rate with simple
polynomial adjustments produced the lowest AIC value and
were used.

Determination of grass composition and
structure

Along the Grevy’s zebra and cattle census routes, 1-km grids
were established using ARCGIS. 3.363 grids where Grevy’s zebra or
cattle were present were selected randomly to ensure that the
distribution of vegetation type used was unbiased. For every
randomly chosen grid cell, a 100-m transect was walked from the
center of the chosen grid in order to assess herbaceous cover (forbs
and grasses). By choosing new grids and transects monthly, spatial
variation of vegetation cover and type across time was ensured.

Along the 100-m random transects, a welding rod was dropped
at meter intervals. Vegetation touching the pin was keyed to species,
and counts were used to estimate percent cover, species diversity,
proportion perennial, and proportion annual grasses. Proportion
hit by any grass part was recorded as follows: grass cover, green
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grass, grass leaves, and grass seeds. Grass and forb height was
determined using a meter rule (e.g., Rubenstein, 2010). Biomass was
estimated by clipping grass in four 0.5-m” quadrat evenly spaced
along the transect. The clipped grass was dried and weighed until no
further weight loss was achieved.

Statistical analysis

Two-way analyses of variance (ANOVAs) using principal
component values were used to build general linear models
(GLMs) to assess how the quantity and abundance of vegetation
changed by season and land use pattern. When overall significant
differences were found (p < 0.05), differences among means were
tested using Student’s t-test least squares method (LSM) difference
tests (JMP 12.0, Kramer, 1956; Tukey, 1953).

Repeated sightings of Grevy’s zebra by demographic and
reproductive class, as well as all cattle by season across sites and
seasons, were used to generate GLMs determining how seasonal and
human land use practice affected patterns of the study species
abundance. The distribution of Grevy’s zebra across the land use
types and season was tested using the chi-square test of
independence (). JMP Pro 12 statistical computer software from
the Statistical Analysis System (SAS) was used to analyze data and
construct GLMs (SAS Institute Inc, 2016). Data that did not
conform to uniform distribution were square root transformed
for analysis and then back transformed for data presentation.
Grevy’s zebra herd size and abundance for wet and dry seasons
by land use patterns were compared using two-way ANOVA. When
models showed significant differences, differences in means were
compared using Student’s t-LSD test to see whether they are
different (Kramer, 1956; Tukey, 1953). Data are presented as
mean * standard error (SE).

Results

Vegetation characteristics influencing
Grevy's zebra distribution and abundance

Since many of the vegetation variables co-varied, principal
component analysis was used to identify independent composite
variables thought to influence Grevy’s zebra distribution and
abundance. Table 1 shows that two components explain 71% of
vegetation variation: PC1 is composed of variables depicting “Grass
Abundance” given the high eigenvector scores of average hits per
pin and average height of the leaf table (both estimates of biomass)
and proportion of pins hitting vegetation as opposed to bare ground
(an estimate of percent vegetation cover); PC2 is composed of
variables corresponding to “Grass Quality” given the high
eigenvector scores of proportions of pins hitting green (as
opposed to brown) grass plant parts, or forbs.
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Grevy's zebra seasonal distribution and
abundance in the Samburu-Laikipia
landscape

A total of 10,178 Grevy’s zebra encounters were seen during the
census throughout the study period across all the study sites. A total
of 25,068 cattle were also encountered during the census. A total of
17,166 km of transects were driven during the study period. Overall,
more Grevy’s zebra were encountered during the dry (as opposed to
during the wet) season.

Grevy's zebra seasonal distributions by
land use patterns

Figure 3 depicts all Grevy’s zebra sightings for both wet and dry
seasons. The distribution of Grevy’s zebra changed seasonally as
measured by densities per km?” in study area ()* = 94.18, p < 0.001, 8
df). During the wet season, Grevy’s zebras were found to
concentrate in only a few areas, while in the dry season, they
spread out over the entire study area (Figure 3). In the wet season,
most Grevy’s zebra sightings were observed on Samburu
community ranches of Ngaroni, Sessia-Barsalinga, and West Gate
Conservancy (CGAs; Figure 4). Very few individuals were sighted
on Laikipia conservancies, PAs, and Laikipia commercial
ranches (Figure 3).

During the dry season, Grevy’s zebras were more dispersed than
during the wet season. In addition, during dry periods, more sightings
were recorded in the south, especially on Laikipia group ranch CCAs,
Oldonyiro conservation areas (CCAs), Kipsing CGAs, Sessia-
Barsalinga grazing areas (CGAs), and Samburu and Buffalo Springs
National Reserves (PAs) than during the wet season (Figure 3).

When land use patterns are compared across seasons, some
striking differences emerge in the way Grevy’s zebras are distributed
(Figure 4). On average, the density of Grevy’s zebras was higher on
pastoral lands (CGAs and CCAs) during the wet season (ANOVA
F; 45 = 9.14, p < 0.0001) than on the Laikipia commercial ranches
and conservancies of Mpala and Ol Jogi, or in PAs comprising the
National Reserves of Samburu (SNR) and Buffalo Springs (BSNR).
Overall, in the dry season, Laikipia commercial ranches and PAs
had significantly higher densities compared to CCAs and CGAs
(ANOVA F54; = 2.77, p < 0.05). Two-way ANOVA models show
that these distributional patterns were strongly associated with
vegetation patterns that changed by season across types of land use.

Figure 5 shows that across all sites, vegetation was of significantly
higher quality during the wet growing season than it was during the
dry season (ANOVA F 35, = 29.47, p < 0.0001) when grasses were
becoming senescent. Only during the wet season were the PC1 values
for quality positive, and they only occurred on pastoral lands
(ANOVA F;35, = 24.68, p < 0.001). During the rains, pairwise
comparisons show that both community grazing and conservation
areas on pastoral lands contained significantly higher-quality
vegetation than on the commercial ranches and the national PAs.

Table 2 shows that grass height also varied across land use types.
On Laikipia ranches (LR) and in National Reserves (PAs),
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vegetation was significantly higher than in CGAs and CCAs in
both dry (ANOVA F; 549 = 22.34, p < 0.001; paired ¢-test) and wet
seasons (ANOVA F; 1y = 8.39, p < 0.001; paired t-test). Grass
height was lowest in CGAs in the wet season compared to all other
land use types. Likewise, forb height varied significantly among
different land use types. CCAs had the highest values than other
sites during both dry (ANOVA F; 549 = 2.81, p < 0.05, paired t-test)
and wet seasons (ANOVA F; j,5 = 4.51, p < 0.01; paired ¢-test).

Livestock numbers were highest in CGAs year-round (Figure 6).
The resulting high grazing pressure suggests that high levels of
livestock during the rainy season in these CGAs dramatically reduce
grass and forb heights. Because soil moisture remains high during
the rainy season, continually growing highly digestible short swards
of high-quality grass appears to attract large numbers of Grevy’s
zebras (Figure 6). It is interesting to note that even in CCAs, grass
heights are shorter than on Laikipia ranchers or in PAs, suggesting
that livestock are not completely excluded from such a situation.
Once the rains cease and soil moisture drops, regrowth of heavily
cropped grass ceases. With their large mouths and wide tooth rows,
Grevy’s zebras cannot crop the very short grass swards that remain.
Thus, like in the classic grazing succession scenario in which plains
zebras are forced to leave catena apexes first before wildebeest and
gazelles with smaller mouths (Vesey-FitzGerald, 1960), Grevy’s
zebras in Kenya’s dry lands are also forced to leave these once
highly productive areas, returning to previously abandoned lightly
grazed landscapes—Laikipia ranches and PAs—where tall stands of
senescing grasses are abundant.

In general, the Samburu-Laikipia ecosystem is a mosaic
landscape in which livestock densities are significantly higher on
both pastoral community grazing (CGAs) and community
conservation (CCAs) areas during both rainy (ANOVA F; 4, =
29.97; p < 0.0001) and dry seasons (ANOVA F; o; = 8.76, p < 0.001;
Figure 6) than on Laikipia commercial ranches (Mpala and Ol Jogi)
or on National Reserve PAs. Yet, as Figure 7 illustrates, during the
wet season, the highest densities of Grevy’s zebras co-occur with
high densities of livestock on pastoralist lands (ANOVA F; 4 =
7.48; p < 0.001).

Consequently, it appears that Grevy’s zebra herds aggregate on
the short grass swards of pastoral lands during the growing season
where grazing is heavy in CGAs, and moderately heavy on lands
intended to be set aside for establishing dry season “grass banks” for
wildlife (CCAs). Such intense grazing appears to stimulate the
regrowth of nutritious, highly digestible vegetation.

As shown in Figure 3, during the dry season, Grevy’s zebra
densities on Laikipia’s commercial ranches and conservancies as
well as in the national PAs increase, significantly exceeding densities
on pastoral land CGAs and CCAs (ANOVA F; ;54 = 475 p <
0.0001). What differentiates pastoral regions from commercial
ranches and National Reserves (PAs) during the dry season is no
longer vegetation quality but, instead, vegetation quantity. Figure 4
shows that during the dry season, the commercial ranches (LR) and
national PAs have significantly more abundant vegetation
(ANOVA F; 156 = 2749, p < 0.001) than pastoralist grazing areas
(CGAs), and because Grevy’s zebras are hindgut fermenters, they
can process these large volumes of senescing grass. These grass
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TABLE 1 Principal components of vegetation characteristics in the
Samburu-Laikipia landscape study sites.

Vegetation PC1 PC2
characteristic (“Grass ("Grass
Abundance”) Quiality”)
Average grass or forbs 0.57685 0.15990
hits/pin
Proportion grass leaves 0.16146 0.54243
Proportion grass cover 0.58067 -0.05814
Proportion green grass 0.18990 0.64101
Average grass height (cm) = 0.54054 —-0.27849
Forbs height (cm) 0.1247 0.14612
Proportion forb cover -0.04272 0.69470
Herbaceous layer biomass = 0.42342 -0.12426
(kg/ha)

Values in bold represent principal loadings contributing the most to each axis.

banks act as dry season magnets for Grevy’s zebras, just as the short
grass swards did during the wet season.

Thus, a mosaic landscape is created because two different styles
of livestock herding co-exist. During the dry season, commercial
ranches provide an abundance of low-quality senescing vegetation,
while during the wet season, pastoral ranches provide an abundance
of highly nutritious regenerating swards of short grasses (Figure 8).

10.3389/fcosc.2025.1582057

Because commercial ranches maintain low stocking rates of cattle
and Grevy’s zebras migrate to the pastoralist ranches during the wet
season, commercial ranches create “grass banks”, thus attracting
and sustaining high densities of Grevy’s zebras after the rains cease
and grasses stop growing (Figure 8).

Influence of land use type and seasonality
on Grevy's zebra abundances by
demographic and reproductive classes

Table 3 illustrates how the different demographic and
reproductive classes of Grevy’s zebras occupied different land use
types by season within the Samburu-Laikipia ecosystem. Overall, all
reproductive classes tended to aggregate on pastoralist lands during
the rainy season, generally favoring grazing areas (CGAs) over
conservation areas (CCAs). During the dry season, however,
different reproductive classes used these areas differentially.
Territorial males were most concentrated in community grazing
as well as Laikipia ranches and the PAs (ANOVA F; 4, = 6.23, p <
0.001). The density of bachelor males, however, tended to be more
evenly distributed across the areas (ANOVA F; o7 = 0.14, p > 0.05)
as were the density of juveniles (ANOVA F; 47 = 0.28, p > 0.05) and
non-lactating females (ANOVA F;4;, = 1.00, p > 0.05), many of
which would still be reproductively cycling. The density of lactating
females, those needing the calories and large amounts of vegetation,
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FIGURE 3

Grevy's zebra distribution in both dry and wet seasons in the Samburu—Laikipia landscape.
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FIGURE 4

Density of Grevy's zebras [Sqrt (numbers/km?)] was higher on pastoral lands [community conservation areas (CCAs) and community grazing areas
(CGAs)] during the wet season (clear bars), whereas they were higher on Laikipia Commercial Ranches (LR) and Protected areas (PAs) during the dry
season (dark bars). Effect tests: Wet season X Land use (ANOVA Fz 45 = 9.14, p < 0.0001) and in Dry season X Land use (ANOVA Fz 45 = 2.77,p =
0.04). Student's t pairwise difference comparisons show that in the wet season, (CCAs = CGAs) > (LR = PAs); in the dry season, (LR > PAs > CCAs =
CGA). Errors bars represent standard errors.
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FIGURE 5

The principal component for "Quality” is always significantly higher during the wet season (dark bars) than during the dry season (light bars) (Fy3g, =
29.47, p < 0.0001) and on pastoral lands as opposed to commercial ranches and national protected areas (Fs 35, = 24.68, p < 0.0001; Season x Land
use was not significant (Fzzg, = 0.31, p < 0.9). Errors bars represent standard error.
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TABLE 2 Changes in grass height and forb’s height between land use types of the Samburu-Laikipia landscape in both dry and wet seasons.

Land use type

Vegetation characteristic Season One-way ANOVA
CGAs LR
Grass height (cm), mean + SE Dry 9.51 + 1.13° 10.02 + 0.61° 19.78 + 1.23° 15.54 + 1.08° Fipq0 = 22,344
Wet 1279 + 1.81% | 9.57 + 0.90° 19.14 + 1.81° 1440 + 163 | Fyp6 = 8.390%
Forb height (cm), mean + SE Dry 2577 + 2.11° 21.14 + 1.14% 17.04 + 2.30° 19.86 + 1.93° Fs40 = 2.81%
Wet 26.12 + 2.63° 1642 + 1.32° 1522 +2.63° 14.64 + 2.38° Fy106 = 4.51%

*p <0.05, **p < 0.01, ***p < 0.001 (significant difference). t-tests assess differences among seasons for each vegetation character. Superscript letters show Student’s paired t-tests, with similar values

indicating no significant differences among categories.

remained significantly higher in CCAs and Laikipia ranches (LR)
than in the other habitats that they tended to use equally (ANOVA
Fso, = 4.73, p < 0.01).

Even though dominant males typically defend territories year-
round, in this ecosystem, territorial male densities showed seasonal
shifts, with territorial males being highly concentrated during the
wet season on pastoral grazing lands (CGAs) where both non-
lactating and lactating females aggregated (Table 3). Not
surprisingly, bachelor male density was also higher in these areas
than elsewhere, giving them increased opportunities of mating
(Table 3). During the dry season, non-lactating females, juveniles,
and bachelor males spread themselves more evenly across the
landscape than lactating females and territorial males, probably
seeking areas where grass abundance was high or opportunities for
younger, more subordinate bachelors were high. During dry
periods, lactating females and territorial males were most
concentrated on commercial ranches and in national and pastoral
PAs where grass is abundant (Table 3).

Grevy's zebra herd sizes

Not only did Grevy’s zebra density vary with season and land use
type, so did Grevy’s zebra herd sizes too (Figure 9), with CGAs having
the highest herd sizes, especially during rainy periods. Excluding
solitary Grevy’s zebra (territorial males), herd sizes ranged from 2 to
32 zebras during the dry season (mean 7.99 + 0.43 zebras/herd), while
in the wet season, herd sizes were larger (mean 12.68 + 0.98 zebras/
herd), ranging from 2 to 63 individuals. The dry and wet season herd
sizes were significantly different (two-tailed t-test = 4.59, p < 0.001, n =
1,019). At one point, a herd of 208 individuals was observed in West
Gate Conservancy CGAs immediately after the start of a rainy season.
In the dry season, herd sizes varied significantly among the land use
types (ANOVA F; 9, = 3.18, p < 0.05) being larger on Laikipia ranches
(LR) and in CGAs than in CCAs and national PAs (Figure 9). Despite
the fact that dominant males typically defend territories year-round, in
this ecosystem, territorial male densities showed seasonal shifts with
territorial males being highly concentrated during the wet season on
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FIGURE 6

Livestock abundance density (Sqrt numbers/km?) during the wet season differs significantly by land use type (Fs 47 = 29.97; p < 0.0001). Student's t
LMS pairwise differences: CGA > CCA > LR > PA. Errors bars represent standard error.
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Grevy's zebra densities increased with livestock densities during the wet seasons [Y = 0.69 + 0.087X (Model ANOVA Fy 49 = 18.55, p < 0.001; right
graph)], but not during the dry seasons (Model ANOVA F; g6 = 0.056, p > 0.05; left graph)
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FIGURE 8

Principal component values for “abundance” were negative for pastoral lands (CCAs and CGAs) and positive for commercial ranches (LR) and
national protected areas (PAs) during the dry season (Fz 126 = 27.49, p < 0.0001). Student’s t-test LSM pairwise differences: LR > PAs = CCAs > CGAs.
Errors bars represent standard error.
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TABLE 3 Grevy's zebra demographic and reproductive group’s density (#'s/km? + SE) variations between land use types of the Samburu—Laikipia
landscape in both dry and wet seasons.

Demographic and NEENe]

reproductive classes

Territorial males Dry 0.16 + 0.04° 0.37 +0.02° 0.283 + 0.05% 031 +0.03* Fio7 = 6,230
Wet 0.11 # 0.05° 0.65 + 0.04* 0.16 + 0.07" 0.28 + 0.05° Fs47 = 30,634
{-test t=1.19 NS, df =27 t= 474", df = 38 t=215%df = 16 t=1.03 NS, df = 20

Bachelor males Dry 0.289 + 0.09 0.35 + 0.06 033 +0.12 0.37 + 0.08 Fso, = 0.14 NS
Wet 0.26 + 0.12° 0.82 + 0.09° 0.24 +0.18" 0.14 +0.13° Fsy = 822
f-test £=019NS,df =27 | t=337df =34 t=108NS,df =16 | t=198 NS, df = 32

Non-lactating females Dry 0.59 + 0.12 0.47 +0.07 0.65 + 0.14 047 +0.10 Fs9, = 1.00 NS
Wet 0.61 +0.18" 1.26 + 0.13° 0.42 +020° 0.25 +0.30 ® Fiy = 743
t-test t=009NS,df =18 | t=418"* df =30 t=116 NS, df =15 | t=144 NS, df = 32

Lactating females Dry 0.39 + 0.05 0.21 + 0.03" 0.27 + 0.06™ 0.14 + 0.04° Fso7 = 4.73%*
Wet 0.26 + 0.08" 0.51 + 0.06" 0.13 +0.10® 0.06 + 0.08 ® Fi7 = 6.70%*
t-test t =136 NS, df =28 t=338" df = 28 t=212NS,df =14 | t=128 NS, df =23

Juveniles Dry 0.36 + 0.08 0.30 + 0.04 0.26 + 0.09 0.32 +0.06 Fs9, = 0.28 NS
Wet 0.27 + 0.14° 0.85 + 0.10° 0.07 £0.11° 0.14 £0.10® Fiu7 = 8.14%*
t-test t=091NS,df =20 | t=3.52, df =27 t=271%df = 16 t=233% df = 33

NS, not significant, p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001 (significant difference). ANOVAs test for differences among grazing areas for each demographic class within a season (columns). ¢-
tests test for differences between seasons for each demographic class. Superscript letters show Student’s paired t-tests, with similar values indicating no significant differences among categories.

pastoral grazing lands where both lactating and non-lactating females
aggregated (Table 3).

Not surprisingly, bachelor male density was also higher there than
elsewhere, giving them increased opportunities of mating. During the
dry season, non-lactating females, juveniles (Table 3), and bachelor
males spread themselves more evenly across the landscape than
lactating females and territorial males. During dry periods, lactating
females and territorial males were most concentrated on commercial
ranches and in national and pastoral PAs.

During the wet season, herd sizes also varied significantly
between the land use types (ANOVA F; 4, = 9.43, p < 0.001) with
CGAs having the highest numbers on average (159.32 + 30.93
zebras/herd), differing significantly from CCAs (58.13 + 31.36
zebras/herd), PAs (16.11 + 5.63 zebras/herd), and LR (2343 +
5.62 zebras/herd). Overall, the largest herds of Grevy’s zebra
occurred during the rains when the rate of grass growth was high,
even if the standing crop or height was low (Figure 9).

Discussion

The distribution and abundance of large herbivores are
generally dependent on prevailing climate, interspecific biotic
interactions, and human land use activities (du Toit, 1995;
Bergstrom and Skarpe, 1999; Illius and O’Connor, 2000; Groom
and Harris, 2009). Human activities themselves vary depending on
how land is valued, thus imposing dynamic challenges for wildlife,
which share these lands with people. In the wet season, higher herd
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sizes and densities of Grevy’s zebra were observed on pastoralist
lands, especially in grazing areas. Principal component analyses
showed that these areas scored high in “grass quality”. During dry
periods, however, Grevy’s zebras were more sparsely distributed on
these lands. Instead, they aggregated on commercial ranches such as
Mpala and Ol Jogi and in National PAs, such as Buffalo Springs and
Samburu National Reserves, where principal component analyses
showed that grass “abundance” was high.

In many fission—fusion societies, like that of Grevy’s zebra
(Ginsberg, 1988; Rubenstein, 1986; 1994), it is expected that
individuals come together during times of resource abundance
and form large herds that eventually split up during times of
resources scarcity. During the wet season, we observed large
herds, some comprising 200 individuals, whereas during the dry
season, herds were smaller with few exceeding 60 individuals. While
ecologists have tried to enumerate the benefits of living in large
herds [see Rubenstein (1978), Fryxell and Sinclair (1988), and
Juanica (2009)], for Grevy’s zebras that live in arid and semi-arid
environments, large herds can only be sustained when resources are
abundant and regenerating. Otherwise, large herds will fission
unless populations can find large patches of underutilized
vegetation. Though intraspecific competition for food and water
is minimized in hind gut fermenting bulk feeders (Rubenstein,
2010), even during times of scarcity, competition does occur. Thus,
splitting into small units and dispersing over a wider area during the
dry periods when searching for underutilized vegetation may help
reduce competition, especially among non-lactating females,
bachelor males, and juveniles, which, in the Samburu-Laikipia
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FIGURE 9

Seasonal variations in Grevy's zebra herd size over different land use types on the Samburu-Laikipia landscape. Effect tests: Wet season X Land use (ANOVA
Fs42 = 9.43, p < 0.01) and in the dry season (ANOVA Fz o, = 3.18, p < 0.05). Student's t pairwise difference comparisons: Wet season (CGAs > LR = CCAs =

PAs); Dry season (LR= CGAs > PAs = CCAs). Errors bars represent standard error.

ecosystem, often associate together (Tombak et al., 2025). Social
flexibility with periodic tearing and re-stitching of the social fabric,
as has occurred during this study, was driven by seasonal changes in
resource availability (Wittemeyer et al., 2005; Rubenstein, 2010).
What is novel about this study is that Grevy’s zebras, by virtue of
their large body size, are able to move economically over large
distances, thus enabling them to move to areas where they can
benefit from the “green up” created by heavy livestock grazing
during rainy periods (Schieltz and Rubenstein, 2016). Later, when
these areas are no longer productive, Grevy’s zebras can move back
to commercial ranches or PAs where reduced levels of livestock
grazing have enabled the growth of forage that can be consumed
during dry periods. As a result, Grevy’s zebras oscillate between
areas of high biomass reserves during dry periods and less
abundant, but rapidly growing swards, on pastoralist lands during
wet periods.

Not surprisingly, different Grevy’s zebra reproductive classes also
behaved differently in response to seasonal changes in rainfall and
land use patterns because they differ in their physiological needs and
susceptibility to predation as shown by Ginsberg (1988); Rubenstein
(1994); Ruckstuhl and Neuhaus (2002); Sundaresan et al. (2007), and
Kirathe et al. (2023). During the wet season, almost all Grevy’s zebra
reproductive classes preferred pastoralist grazing areas like those
found on Ngaroni, West Gate, and Sessia-Barsalinga community
lands where water and food were abundant. During dry periods,
however, differences among demographic classes emerged. Territorial
males, lactating females, and their foals congregated in the CCAs of
Oldonyiro, Kipsing, Sessia-Barsalinga, and Ngaroni while bachelor
males, non-lactating females, and juveniles distributed themselves
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more evenly across the landscape. These differences emerge because
dominant territorial males (Rubenstein, 2010) own territories near
permanent water, limiting their movements and attracting lactating
females and their young foals because of their high demands for
drinking water as demonstrated by Rubenstein (1986). From there,
females with young foals can wander within territories in search of
areas rich in biomass to provide calories to nourish young foals.
Other reproductive classes, less dependent on drinking water daily,
wander farther and wider in search of abundant food during dry the
season (Rubenstein, 2010) resulting in differences in habitat
associations (Kirathe et al., 2023). Generally, different physiological
demands are heightened during dry periods (Gersick and Rubenstein,
2017) as our findings shows for Grevy’s zebras.

In the past, while studying wildlife movements in PAs and less
densely populated areas, Coe et al. (1976); East (1984); Owen-Smith
and Ogutu (2003), and Ogutu et al. (2008) have shown that increases
in rainfall directly increase vegetation productivity, leading to
increases in large herbivore abundance. However, on shared
landscapes where people living at relatively high densities and
wildlife co-exist, the relationship is modulated by human land use
practices. When different land use strategies create a mosaic
consisting of areas in the wet season that are highly productive and
areas in the dry season with abundant stocks of dry season vegetation,
then large-bodied species, for which weight-specific costs of transport
are low, can rotate among these areas seasonally. By accessing areas of
high productivity when grass is growing and abandoning them when
the swards are too short for efficient biting, then moving to dense
grass banks, Grevy’s zebras can meet their nutritional needs
throughout a year on mosaic landscapes where predation risks are
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low and proportional to numerical abundance (O'Brien et al., 2018).
As long as the rains return seasonally to areas previously heavily
grazed and rejuvenate the vegetation, then large-bodied species such
as the Grevy’s zebra can return to them when the grass banks become
exhausted, or when vegetation within them becomes nutritionally
poor. For such a regional grazing rotation to be effective, a mosaic of
habitat types must be maintained as well as corridors connecting
them (Smith et al,, 2022; Kirathe et al., 2023). Only in this way can a
mobile, large-bodied herbivore such as the Grevy’s zebra sustain itself
on a highly seasonal landscape shared with people raising livestock.
While people have been perceived as the primary cause of the Grevy’s
zebra’s demise in the past, our statistical findings suggest that people
can become the means of reversing this trajectory.

Our study highlights the different ways in which pastoral herders
and commercial ranchers together create a landscape mosaic that
enables the migratory Grevy’s zebra to sustain itself on a landscape
with strong seasonal spatial patterns of rainfall. The relationship
between livestock and Grevy’s zebra appears to be facultative: where
bovids create greener lawns that regenerate after grazing, these lawns
can serve as magnets attracting and supporting large numbers of large
grazing herbivores (Esmaeili et al., 2024). However, when grass
regeneration ceases, Grevy’s zebras leave and return to less heavily
grazed areas where Grevy’s and plains zebras as hindgut fermenters
subsequently remove the stems and straw, supporting bovids that
otherwise would have a hard time processing such inaccessible
vegetation, and by changing the structure of the vegetation, bovids
have an easier time feeding on the forbs they prefer (Odadi et al,
2011). This oscillating dynamic is very important for Grevy’s zebra
conservation because they can benefit from feeding on short grass
swards generated by heavy livestock grazing during the wet season.
However, they can also facilitate grazing by livestock herds of local
pastoralist communities (Odadi et al., 2011). This mutualism is
precisely the outcome sought by the Northern Rangeland Trust
(NRT, 2012) and the Grevy’s Zebra Trust (GZT) whose
conservation campaigns attempt to foster tolerance of wildlife. By
developing ecotourism ventures within community conservancies
and wildlife scout monitoring programs, pastoralist communities
earn income. However, the economic gains created by associating
with Grevy’s zebras in terms of fast-growing and fatter and healthier
cows (Odadi et al, 2011) are spread more widely throughout
communities, thus broadening support for conserving endangered
Grevy’s zebras.

The challenge now is to enlist the support of government and non-
government organizations to develop policies and incentives that
ensure that commercial ranchers, managers of National Reserves,
and pastoralist herders will continue to work together to maintain a
landscape mosaic that maintains the mutualistic interactions of wildlife
and livestock. In this way, both human livelihoods and Grevy’s zebra
population processes will be enhanced.
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