RESEARCH ARTICLE

The spatial ecology of southern giraffe
(Giraffa giraffa) in Hwange National Park
and Savé Valley Conservancy, Zimbabwe

Jaco Olivier'"((®)}, Alison J. Leslie', Livingstone Hoda’,
Michael B. Brown®((®), Julian Fennessy**((©) & Daphine Madhlamoto*

"Department of Conservation Ecology and Entomology, Stellenbosch University, Private Bag X1, Matieland 7602, South Africa

“Giraffe Conservation Foundation, Eros, Windhoek, Namibia
3School of Biology and Environmental Science, University College Dublin, Ireland
“Zimbabwe Parks and Wildlife Management Authority, Hwange National Park, Private Bag 5776, Dete, Zimbabwe

Received 8 April 2024. To authors for revision 29 May 2024. Accepted 19 August 2024

Giraffe in southern Africa range across diverse anthropogenic land-use types and
understanding their habitat requirements across these differently managed areas is key to
their long-term conservation in increasingly complex multiple-use landscapes. We evaluated
vegetation type preference, seasonal home range sizes, and daily distances travelled of two
major southern giraffe populations in Zimbabwe — Hwange National Park (HNP) and Save
Valley Conservancy (SVC) — by fitting a total of 27 solar-powered GPS satellite units. There
was a difference in seasonal vegetation type selection as giraffe favoured bushlands and
woodlands compared to other vegetation types. We used a continuous time movement
modelling framework to generate 95% autocorrelated kernel density estimates for home
range models and found significantly larger home ranges in HNP (573.9 km’; ClI:
429.4-766.9 km’) compared to SVC (191.7 km’; Cl: 131.5-279.5 km’). We also found
differences in seasonal range sizes between study areas: SVC - (84.4 km®; Cl:
55.8—127.5 km®) during the early dry season and (98.5 km?; Cl: 65.1-149.1 km®) during the wet
season; and, in HNP —(349.4 km®; Cl: 181.6-672.2 km®) during the wet season and (637.9 km’;
Cl: 357.8—-1137.0 km®) during the late dry season. Ranges varied significantly between sites
(P < 0.01), with giraffe in SVC exhibiting significantly smaller ranges than in HNP across all
three seasons (early dry: P<0.01; late dry: P<0.01, wet: P<0.01). Daily distances travelled by
giraffe were relatively consistent across both sites; however, seasonal variability was
observed (P = 0.07). Whilst SVC giraffe daily distances travelled were relatively consistent
across seasons, HNP giraffe in the wet season were travelled significantly less than in
the early dry season (P < 0.05). Environmental changes appear to be the biggest drivers of
variation amongst giraffe home ranges, vegetation type selection, and daily distances
travelled between SVC and HNP. This was the first-ever in-depth study of giraffe spatial
ecology in Zimbabwe and these results can better inform future conservation management
in the country.

Keywords: continuous time movement modelling, Giraffa, home range, southern giraffe, spatial
movements.

INTRODUCTION
The movement decisions of animals are influ-
enced by complex interactions of ecological
factors (Dolado, Gimeno & Beltran, 2017) such as
resource distribution and availability, the presence
of predators, social structures, and weather condi-
tions (Burt, 1943; Nathan et al., 2008). Home
ranges are the emergent spatial pattern resulting
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from animals’ cumulative movement decisions to
maximize fithess over extended periods of time
(Burt, 1943; Powell & Mitchell, 2012; Schoepf,
Schmohl, Konig, Pillay & Schradin, 2015). Giraffe
(Giraffa spp.) exhibit extremely variable home
range sizes, differing by a factor of 1000 across
their range in Africa (95% minimum convex poly-
gon; e.g. van der Jeugd & Prins, 2000; Fennessy,
2009; McQualter, Chase, Fennessy, McLeod &
Leggett, 2015; Flanagan, Brown, Fennessy &
Bolger, 2016; Knusel, Lee, Konig & Bond, 2018;
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D’haen, Fennessy, Stabach & Brandlova, 2019;
Brown et al., 2023). To date, little is known about
the minimum resources and habitat that giraffe
populations require in the wild (e.g. Deacon, 2015;
Brown & Bolger, 2020). Previous efforts at esti-
mating giraffe home ranges were based largely
on coarsely sampled very high frequency (VHF)
telemetry data, coupled with incongruous analyti-
cal techniques including minimum convex poly-
gons (MCPs) and kernel density estimates
(KDEs), which resulted in inaccurate estimations
of giraffe home ranges (e.g. Langman, 1973; Dagg
& Foster, 1982; van der Jeugd & Prins, 2000;
Flanagan et al., 2016; Brown et al., 2023). Giraffe
are large-bodied browsing ruminants and as such,
they are typically thought to have much larger
home range requirements than smaller ungulates
to meet their metabolic requirements (Du Toit,
1990; Noonan et al., 2019). Noonan et al. (2020)
found that species extinction risk increases with
body mass size and that the most threatened
species often have the least accurate home range
estimations. The giraffe is currently listed as Vulner-
able onthe IUCN Red List (Muller et al.,2018), and
understanding the ecological and anthropogenic
drivers of variation in animal movement behav-
iours can provide valuable ecological insights to
aid in the management and planning of movement
corridors, habitats and protected areas, while
providing baseline information to assess drivers of
change over time (Borghi, Campos, Giannoni,
Campos & Sillero-Zubiri, 2011).

Giraffe movements are driven by many environ-
mental factors including rainfall, forage availability,
habitat diversity and fragmentation, access to free
water, and predation risk (e.g. Du Toit, 1990;
Fennessy, 2009, Brown et al., 2023). In arid, less
productive environments such as the northern
Namib Desert (Fennessy, 2009), giraffe typically
exhibit larger home ranges than those in more
mesic areas which are more productive with
higher browse availability and diversity such as
Lake Manyara National Park (NP) in Tanzania (van
der Jeugd & Prins, 2000; Brown et al., 2023). In
addition to landscape-level productivity, spatial
heterogeneity of habitat features also impact
movement behaviours. Fabricius (1994) proposed
that the size of an animal’s home range is influ-
enced by the spatial arrangement and proximity of
favourable resource patches, whilst the distance
and spacing between these patches play a crucial
role in determining the utilization of resources
by animals. Landscapes with consistently high
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vegetative productivity and food resources result
in smaller home range sizes, since food resources
are in relatively close proximity in space and time
(Deacon, 2015; Brown et al., 2023). Conversely,
landscapes where resources are more patchily
distributed can result in a net energy loss for
animals as they increasingly move between
patches to satisfy their metabolic needs (Fabricius,
1994). Therefore, space use is a trade-off between
acquiring resources and expending energy
(Fretwell & Lucas, 1970). As a result, giraffe may
need to adjust their home range sizes in line
with environmental conditions, until their minimum
resources requirements are met (Deacon, 2015).

Giraffe movements are generally linked to the
availability of food resources (Berry, 1978; Pellew,
1984; Du Toit, 1990; Fennessy, 2009; D’haen etal.,
2019; Brown et al., 2023). Changes in dietary
preferences have also been associated with
seasonal movements, with home ranges expand-
ing or contracting with shifts in forage preferences
(Fennessy, 2009; Brown & Bolger, 2020). Several
studies have reported home range sizes for
different giraffe species throughout their range
(Berry, 1978; Leuthold & Leuthold, 1978; Du Toit,
1990; Le Pendu & Ciofolo, 1999; van der Jeugd &
Prins, 2000; Fennessy, 2009; Obari, 2014;
McQualter et al., 2015; Flanagan et al., 2016;
Deacon & Smit, 2017; Brown et al., 2023). Interest-
ingly, these estimates varied substantially as
differences in analyses techniques may have
driven some variations in home range calculations
of giraffe populations across Africa (Brown et al.,
2023). A combination of factors such as forage
quality and availability, climate, and human influ-
ences are likely contributing factors that affect
home range sizes of giraffe, yet there is a lack of
knowledge on the ecological and anthropogenic
influences that might underlie giraffe space use
(Redfern et al., 2003; Fennessy, 2009). More
recently, Brown et al. (2023) quantitively analysed
data from 148 GPS satellite units, comparing all
four giraffe species, which provides the first insight
into the spatial use of giraffe across Africa, and the
impacts of resource availability and anthropogenic
development on their movements. With advanced
technology we are now able to track giraffe using
GPS satellite technology, which provides on
average more than an order of magnitude of
positional data, compared to traditional VHF track-
ing technology, and as such a more accurate
representation of giraffe home ranges and space
use (e.g. Fennessy, 2009; McQualter et al., 2015;
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D’haen et al., 2019; Hart et al., 2020). As loss of
suitable habitat is currently the biggest threat to
giraffe populations across Africa (O’Connor et al.,
2019; Brown et al., 2021), it is critical to estimate
the spatial requirements of giraffe within a land-
scape. Additionally, data from GPS satellite units
will help identify environmental factors that drive
and shape giraffe spatial ecology.

Human influences and land use, such as logging
for firewood and the introduction of livestock, can
shape an environment and put increased pressure
on vegetation communities and available browse
for giraffe (Le Pendu & Ciofolo, 1999; Levi et al.,
2022). Areas of sub-Saharan Africa, like Zimba-
bwe have experienced notable anthropogenic
shifts in the landscape, resulting in different
land-use types and conservation management
approaches (Lindsey, Du Toit, Pole & Romanach,
2009). For instance, Savé Valley Conservancy
(SVC), Zimbabwe, was converted into a wildlife
area in the early 1990s, after many years of
failed cattle ranching and drought (Lindsey et al.,
2009). In contrast, Hwange National Park (HNP),
Zimbabwe’s oldest national park, has been a
natural wilderness area since the 1950s. However,
human influence is also evident throughout
the park, as artificial waterholes have been
constructed in the north and eastern sections
(Valeix, 2011; Chamaillé-Jammes, Charbonnel,
Dray, Madzikanda & Fritz, 2016). These impacts
may have altered the dynamics of the park, as
herbivore species are now able to access habitats
throughout the park, that were previously unsuit-
able, due to the availability of water sources
(Valeix, 2011; Chamaillé-Jammes et al., 2016).

The main aim of this study was to assess spatial
ecology and movement behaviour of giraffe, and to
compare SVC and HNP. This is the first giraffe
study of this magnitude in Zimbabwe and the first
time that the spatial ecology of giraffe has been
explored through the use of GPS satellite units in
both SVC and HNP.

We hypothesized that giraffe home ranges would
be larger in HNP as it forms part of the larger
Kavango-Zambezi Transfrontier Conservation Area
open landscape, allowing for greater unimpeded
dispersal, as compared to SVC which is a fenced
reserve restricting movements. There is spatial
heterogeneity between the SVC and HNP, consist-
ing of varying vegetation types. Thus, itis expected
that giraffe home ranges will be driven by the
composition, abundance and type of food and
resources available (Said & Servanty, 2005;
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Knusel et al., 2018). We also hypothesized that
giraffe home ranges would be smaller during the
wet season as there will be an increased localized
availability of higher quality resources, limiting the
need for long-distance movements to access
enough suitable forage (Conradt & Roper, 2005).
Similarly, during the dry season, larger distances
will be travelled to reach sufficient forage and
home ranges will therefore expand. As a result,
we predicted that giraffe will travel larger daily
distances during the dry season, compared to the
wet season.

METHODOLOGY

Study area

This study was undertaken across two research
sites — the SVC and HNP (Fig. 1). The SVC,
20°05'S 32°00’E, is situated in the semi-arid
southeastern Zimbabwean Lowveld and is one of
the largest private game reserves in Africa
(Lindsey et al., 2009) (Fig. 1). The reserve was
established in 1991, consisting of 23 privately owned
ranches covering >3442 km? (Lindsey et al.,
2009). For this study, we focused on Sango Ranch
in the central northern section of SVC which
spans an area of 650 km? (Fig. 1). Since 1992,
SVC has successfully re-established an array of
wildlife species, e.g. African savanna elephant
(Loxodonta africana), African buffalo (Syncerus
caffer), and plains zebra (Equus quagga). Addi-
tionally, large predators have naturally populated
the area which includes a full guild of predators
such as African lion (Panthera leo), leopard
(Panthera pardus), brown hyaena (Hyaena
brunnea), spotted hyaena (Crocuta crocuta), and
African wild dog (Lycaon pictus).

The SVC elevation varies between 480 and
620 m and has an underlying topography with
scattered rocky outcrops. It has one distinct wet
season (November—March) and an extended
dry season (April-October) consisting of an
early (April-July) and late dry (August—October)
season. The mean annual rainfall varies from
300-500 mm (CV = 30%) with large spatial
and temporal variability (Lindsey et al., 2009;
Mashapa, Mhuriro-Mashapa, Gandiwa, Muboko &
Chinho, 2021). Approximately 80% of the yearly
rainfall occurs during the wet season.

Established in the 1950s, at ~14 651 km? HNP
(19°12’S, 26°60'E) is the oldest and largest
national park in Zimbabwe (Fig. 1). Due to its size,
we focused on the Main Camp and Ngamo Plains
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Fig. 1. Location of Hwange National Park and the Savé Valley Conservancy study areas, and the vegetation types, in
Zimbabwe. Insert: the location of Zimbabwe on the African continent.

sections, an area of ~5000 km? (Fig. 1). The park
hosts the largest population of African savanna
elephant in Zimbabwe, a healthy population of
African lion and other predators, and a wide variety
of plains game species. The vegetation is a highly
heterogeneous wooded savanna, while woody
cover increases with distance from water pans
(Chamaillé-dJammes, Fritz & Madzikanda, 2009).

One distinct wet season (November—March) and
an extended dry season (April-October), consist-
ing of an early (April-July) and late dry (August—
October) season, exist for HNP. The annual mean
rainfall is 606 mm (CV = 25%), of which >85%
occurs during the wet season, whereas during
the dry season, artficial waterholes provide
water throughout the north and east of the park
(Chamaillé-Jammes, Valeix, Bourgarel, Murinda-
gomo & Fritz, 2007).

For standardization, six different vegetation type

categories were recognized across both study
sites: bushed grassland, bushland, grassland,
thicket, wooded bushland, and woodland.

In SVC, bushlands were dominated by dense
Vachellia tortilis, Grewia bicolor and Dichro-
stachys cinerea, and Diospyros quiloensis tree
species. Wooded bushlands included Combretum
apiculatum, Combretum imberbe, Colopho-
spermum mopane and sparse distribution of
D. cinerea and V. tortilis species. The woodland
vegetation type consisted mostly of C. mopane
trees with very little diversity of other species.
Thickets were dominated by Croton and Grewia
species, and bushed grasslands were predomi-
nantly open with scattered patches of trees, con-
sisting mostly out of V. tortilis, G. bicolor and
Boscia mossambicensis.

In HNP, grasslands made up a very small percen-
tage (<2%) of the park. Bushed grassland were



Olivier et al.: Spatial ecology of giraffe in Hwange National Park and Savé Valley Conservancy 111

defined by open grasslands and scattered and
Vachellia erioloba tree species. These vegetation
types often occurred as a transition zone between
the more densely vegetation and the grasslands in
HNP. Bushland included P. violaceae, D. cinerea,
V. erioloba and C. imberbe species. Thickets made
up a very small portion of HNP and were dominated
by Terminalia ciricium, Combretum mossambi-
cense and C. mopane species. The wooded bush-
land consisted out of Baikiaea plurijuga, D. cinerea
and Combretum species, whilst the relatively
dense woodlands were dominated by B. plurijuga
and Erythrophleum africanum species.

GPS telemetry

During June 2019, 13 individual giraffe (10
females and three males) were fitted with a solar-
powered ossicone-mounted GPS satellite tracking
device (Hart et al., 2020) produced by Savannah
Tracking (Nairobi, Kenya). Each unit was set to
collect hourly GPS positions using the Iridium net-
work. We compiled all the hourly GPS locations
recorded from June 2019 — April 2020, covering all
three seasons in SVC. In June 2022, 14 individual
giraffe in HNP (11 females and three males) were
fitted with Ceres Trace solar-powered ear tags.
These units were set to collect GPS points at
4-hour intervals using the GlobalStar network and
we compiled GPS locations from June 2022 — April
2023 to include data for all three seasons (see
Hart et al., 2020; Brown et al., 2023; Marneweck
et al., 2024 for more information on GPS units).
Although data collections happened in different
years of the study period, we found that environ-
mental factors such as rainfall would not have
impacted the data collection as rainfall was in line
with the yearly average of both sites.

Giraffe in both study areas were selected by an
experienced wildlife veterinarian and capture
team, and darted from an R44 helicopter with a
combination of etorphine and A3080 (see Hart
et al., 2020 for more details). Once the drug
had taken effect, the ground team successfully
secured the giraffe, whereafter, the reversal drug
(M5050) was administered immediately, and GPS
units subsequently fitted. All operations were
conducted with the necessary permits (permit
numbers 23(1) (C) (Il) 12/2021 and 23(1) (C) (Il)
16/2022) and ethical clearances sourced through
the Memorandum of Understanding between the
Giraffe Conservation Foundation (GCF), Zimbabwe
Parks and Wildlife Management Authority (Zim-
Parks), and the Research Council of Zimbabwe.

Statistical analysis

Data were analysed using R version 4.1.2 (The
R Foundation for Statistical Computing, 2022),
and Excel 2019 (Microsoft Office, 2019) to calcu-
late descriptive statistics. Vegetation type use was
assessed by layering GPS points onto vegetation
maps, sourced directly from ZimParks and SVC
management to compare annual and seasonal
use (Arraut et al, 2018). For consistency with
giraffe in HNP, we used 4-h GPS point intervals for
SVC. We then calculated vegetation type use by
determining the number of coordinate fixes that fell
within a specific vegetation type seasonally and
representing the results as a percentage of total
vegetation type use. These percentages were also
used for the Manly’s selection index. Kruskal-
Wallis tests were used to estimate the differences
between seasonal vegetation type use in and
between study sites. To reduce the risk of commit-
ting type-1 errors, Bonferroni corrections were
applied to the Kruskal-Wallis tests between
seasons.

To calculate vegetation type selection, we used
Manly’s selection ratio (x) to evaluate selection for
each sample and vegetation type (Manly et al.,
2002). The selection ratio was calculated as:

X ="
w

where uis the percentage of vegetation type used
by giraffe and w is the vegetation type area as a
percentage of the total available vegetation type
area. For each vegetation type, we obtained a
selection ratio (x), with values <1 indicating selec-
tion below availability, and values >1 indicating
vegetation type selected for more than its availabil-
ity.

To assess home range sizes, seasonal range
sizes, and daily distances travelled, we used the
continuous time movement modelling (CTMM)
framework, conducting analysis in R version 4.1.2
using the ctmm package (Calabrese, Fleming &
Eliezer, 2016). Home ranges were calculated
using 95% autocorrelated kernel density esti-
mates (AKDE). The AKDE calculations were
preferred as traditional kernel density estimates
assume that the location data points are independ-
ent of each other (Silva et al., 2022). In contrast,
AKDE incorporates temporal autocorrelation by
using a movement model, which in turn, provide
more accurate space use estimates for auto-
correlated data, reflecting actual movement
behaviour (Peron, 2019; Silva et al., 2022). For
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seasonal range and movement analyses, we
subset each giraffe trajectory by season (early dry,
late dry, and wet). Data from tracking devices were
examined and trajectories that did not meet a priori
duration threshold (>100 GPS points per season)
were filtered out. The remaining data were used to
calculate home ranges, seasonal ranges, and
daily distances travelled by individual giraffe.
Thereafter, three movement models were fitted to
each individual giraffe: 1, an independent identi-
cally distributed (IID) model that assumed
uncorrelated positions and speed; 2, an Ornstein-
Uhlenbeck (OU) model which combined Brownian
diffusion models with a central place tendency
(Uhlenbeck & Ornstein, 1930; Dunn & Gipson,
1977); and, 3, an Ornstein-Uhlenbeck foraging
(OUF) process which incorporates area-restricted
space use and speed (Fleming et al., 2014). The
multi-model comparison forms part of the standard
CTMM workflow. Depending on which class of
model is best supported by the data, we fitted
separate continuous time movement models, which
influence the overall fit of the AKDE. Additionally,
these models can also be used as a higher level
description of the characteristics of each individual
giraffe’s movement behaviours. Based on Akaike
information criterion (AlCc) we then selected the
best model for each individual giraffe. Thereafter,
we visually examined variograms to evaluate
which giraffe met the range residency assumption,
estimated by the semi-variance successfully
reaching an asymptote over time. Individuals
which had successfully done so were selected for
further analysis. The best-fitting model was then
used for each individual giraffe to calculate the
95% AKDE for home ranges. We calculated daily
distances travelled by individual giraffe using the
parameters of each movement model, which is an
output from the CTMM analysis.

In total, we analysed data sets of 22 giraffe
(HNP =12 (1 male, 11 females); SVC =10 (2 males,
8 females)) from both study sites. Of these giraffe,
most individuals exhibited OUF anisotropic move-
ment (n = 17), with fewer individuals exhibiting
OUF (n = 4), and OU anisotropic (n = 1). For
seasonal ranges and movement, we analysed 42
trajectories across all sites/seasons (HNP: early
dry = 6 (1 male, 5 females); late dry = 7 (1 male,
6 females); wet = 9 (1 male, 8 females); SVC:
early dry = 8 (2 males, 6 females); late dry = 5 (5
females); wet = 7 (7 females)). Combining GPS
units, the following trajectories were excluded
based on their semi-variance structure failing to
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stabilize within the three seasons (early dry =
39.1%; late dry = 40.0%; wet = 27.2%), suggesting
that a higher percentage of giraffe exhibited
residence behaviour during the wet season. Of the
remaining seasonal trajectories, most were OUF
anisotropic (n = 29), with fewer giraffe exhibiting
OUF movement (n=7) and OU anisotropic move-
ment (n = 6). The same data sets were used to
assess home ranges as well as the daily distances
travelled across seasons.

To compare AKDE 95% home ranges and daily
distances travelled across seasons between study
areas, we used the meta-analytic framework in R
by using the metafor package (Viechtbauer, 2005).
We used a log-transformation of the AKDE 95%
home range area and daily distances travelled
to better satisfy Gaussian model assumptions.
Variance estimates were then developed for the
log-transformation using formulas defined in
Brown et al. (2023). To estimate the space use of
giraffe, we calculated home ranges and daily
distances travelled, using HNP and SVC as the
fixed moderator for the response variable. To
calculate the mean AKDE 95% home ranges and
daily distances travelled, a fixed intercept model
was fitted for each of these response variables. To
test for statistical differences in and between HNP
and SVC, we made use of the Q-test (Thompson &
Higgins, 2002) and the /? statistic (Cochran,
1954), where the I? statistic indicates the total
variance across effect size estimates that is based
on randomness (Higgins, Simon, Jonathan &
Douglas, 2003). The Q-test was used to test for
statistical significance, whilst the 12 statistic can be
interpreted that the closer the value is to 100, the
higher heterogeneity is. Unless otherwise stated,
we present estimates and 95% confidence inter-
vals in the results.

RESULTS

Vegetation type use and selection

As seasons changed, so did vegetation type
utilization by giraffe in both HNP and SVC. In SVC,
bushland made up >35% of giraffe vegetation type
use across all seasons, whilst wooded bushlands
and woodlands made up a combined total of >50%
of vegetation type use. Our results indicated that
there was a significant difference in the percentage
use of different vegetation types in SVC across all
seasons (Kruskal-Wallis xz =622.73,d.f. =2, P<
0.01), with a significant difference between individ-
ual seasons (P < 0.01). In HNP, giraffe primarily
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utilized bushland and woodland vegetation types,
making up a combined total of >60% of giraffe
vegetation type use across all three seasons. We
found a significant difference in vegetation type
use of giraffe in HNP across all seasons (Kruskal-
Wallis y? = 241.61, d.f. =2, P< 0.01).

Giraffe in SVC exhibited a strong selection for
bushland vegetation types, selecting for it >4.5
times as compared to its availability. Woodland
vegetation type was used within proportion to its
availability and bushed grasslands and thicket
vegetation types were avoided (Table 1). In HNP,
giraffe selected for both bushland and woodland
vegetation types >1 times as compared to its avail-
ability, whilst thicket and wooded bushland were
avoided (Table 1).

Home ranges

We found that home range sizes were heteroge-
neous (@ = 20.4159, P < 0.01); (/> = 90.63%),
highlighting differences in space use of giraffe be-
tween sites. Larger average home range sizes
were observed in HNP (573.9 km?; Cl:
429.4-766.9 km?), when compared to SVC
(191.7 km?; Cl: 131.5-279.5 km?) (Fig. 2).

Seasonal ranges of all giraffe in HNP varied
across seasons: early dry = (534.9 km?; ClI:
305.6-936.2 km?); late dry = (637.9 km? CI:
357.8-1137.0 km?); and wet = (349.4 km? Cl:
181.6-672.2 km2). Only slight variations occurred
in the seasonal home range sizes of giraffe in SVC:
early dry = (84.4 km?; Cl: 55.8-127.5 km2); late

dry = (94.8 km?; ClI: 59.1-152.1 km?); and wet =
(98.5 km?; Cl: 65.1-149.1 km2). Ranges varied
significantly across sites/seasons (Qs = 64.4, P <
0.01). Although seasonal range size did not vary
significantly within sites, across all season’s
giraffe in SVC exhibited smaller seasonal ranges
than HNP (early dry: P < 0.01; late dry: P < 0.01,
wet: P < 0.01) (Fig. 3; Table 2).

Daily distances travelled

The total daily movement rates did not vary
significantly across sites (Q; = 1.9, P=0.17) (I2 =
99.9%) (Fig. 4). The seasonal daily distances trav-
elled in HNP were: early dry = (12.1 km; CI:
10.5-13.9 km), late dry = (11.7 km; CI:
10.2-13.4 km), and wet = (9.0 km; CI:
7.6—10.6 km). In SVC, daily seasonal distances
travelled by giraffe were: early dry = (11.2 km; Cl:
10.2-12.3 km), late dry = (12.1 km; CI:
10.8-13.6 km), and wet = (11.8 km; ClI:
10.7-13.0 km). We found no significant difference
in daily movements across seasons (Qs = 10.0,
P =0.07). Daily movements in SVC were relatively
consistent across seasons but movements in HNP
in the wet season were significantly less thanin the
early dry season (P < 0.05) (Fig. 5).

DISCUSSION
Giraffe preferentially utilize vegetation types
where they can maximize access to favourable
food and protection, whilst at the same time mini-
mize energy expenditure and inter- and intra-

Table 1. Manly’s index of vegetation type selection of giraffe in Savé Valley Conservancy (SVC) and Hwange National
Park (HNP), Zimbabwe, across all three seasons. Lower and upper confidence intervals are given in brackets.

Season

SVC

Annual

Wet

Early dry

Late dry

Bushed grassland

0.41 (0.33-<0.51)

0.44 (0.36-0.55)

0.57 (0.46-0.71)
5.51 (4.51-6.73)
0.10 (0.08-0.13)
0.32 (0.26-0.40)
1.40 (1.14-1.72)

0.21 (0.17-0.26)
5.36 (4.39-6.56)
0.41 (0.33-0.51)
0.47 (0.39-0.58)
1.31 (1.06-1.61)

Early dry

Late dry

Bushland 4.82 (3.94-5.89) 3.56 (2.91-4.35)
Grassland - -
Thicket 0.41 (0.33-0.51) 0.72 (0.59-0.88)
Wooded bushland 0.46 (0.38-0.56) 0.60 (0.49-0.74)
Woodland 1.41 (1.15-1.73) 1.52 (1.24-1.88)
HNP Annual Wet
Bushed grassland 0.90 (0.73-1.12) 0.63 (0.51-0.77)
Bushland 1.16 (0.94-1.42) 1.14 (0.93-1.39)
Grassland 0.05 (0.03-0.07) 0.16 (0.10-0.27)
Thicket 0.09 (0.07-0.11) 0.06 (0.05-0.08)
Wooded bushland 0.56 (0.45-0.69) 0.39 (0.32-0.48)
Woodland 1.35 (1.09-1.64) 1.63 (1.31-1.97)

1.07 (0.87-1.31)
0.90 (0.73-1.12)
0.24 (0.20-0.30)
1.09 (0.89-1.33)
1.18 (0.95-1.43)

0.97 (0.79-1.19)
1.42 (1.14-1.74)

0.20 (0.16-0.25)
1.23 (1.00-1.50)
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Fig. 2. Comparative home range sizes for giraffe in Hwange National Park (HNP) and the Savé Valley Conservancy
(SVC), Zimbabwe. Solid red line indicates the global mean for all giraffe in both study sites. Error bars represent 95%

confidence intervals, whilst red dashed lines represent 95% global confidence limits.
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Fig. 3. Comparative seasonal home range sizes for giraffe in Hwange National Park (HNP) and the Savé Valley
Conservancy (SVC), Zimbabwe. Solid red line indicates global mean for all giraffe in both study sites. Error bars

represent 95% confidence intervals, whilst red dashed lines represent 95% global confidence limits.

specific competition (Knusel et al., 2018; Brown &
Bolger, 2020). In SVC, giraffe showed a strong
seasonal use of bushland and woodland vegeta-
tion types. Bushlands were composed of a high
diversity of favourable giraffe browse species
(V. tortilis, D. cinerea, and A. anthelmintica), which
in turn, increased access to nutritional and energy
needs (Olivier, 2024). Similar to our study, Deacon
& Smit (2017) found that South African giraffe in
the Kalahari region of South Africa spent a signifi-
cant amount of time in the V. erioloba woodlands
as they provided increased favourable browse.

The use of woodland vegetation may be due to a
number of factors, including thermoregulation and
predator avoidance (Thaker et al., 2011; Riginos,
2015; Mitchell, van Sitter, Roberts & Mitchell,
2017). To minimize physiological thermoregu-
lation, giraffe will seek shade and orientate their
bodies to optimize radiant heat gain and to maxi-
mize convective heat loss (Mitchell & Skinner,
2010). Giraffe in SVC may use the shade of wood-
lands, with high densities of mopane tree species,
during the warmest part off the day for the
thermoregulatory benefits. Additionally, in north-
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Table 2. Estimated home ranges (AKDE 95%, (km?) of all giraffe in Savé Valley Conservancy and Hwange National
Park, Zimbabwe, across all three seasons. Values were only included for the seasons which met the minimum require-
ments. F = Female; M = Male; Lower and upper confidence intervals are given in brackets.

Unit number Season

SVC Annual Early dry Late dry Wet
IRI2016-3178 (F) 266.7 (177.1-374.4) 73.1 (44.2-109.0) - -
IRI2016-3179 (F) - - - -
IRI2016-3180 (F) 299.3 (224.7-384.4) - - 161.9 (93.8-248.2)
IRI2016-3181 (F) - - - 59.5 (40.1-82.8)
IRI2016-3182 (F) - - - -
IRI2016-3183 (F) 120.9 (102.5-140.7) 91.6 (60.5-129.2) 114.6 (83.7-150.2) 112.9 (78.0-154.1)
IRI2016-3184 (F) 160.8 (122.5-204.4) 132.1 (53.7-245.1) 148.9 (81.1-237.0) 133.0 (72.7-211.1)
IRI2016-3186 (M) 274.5 (38.2-738.8) 1441 (31.2-341.6) - -
IRI2016-3187 (M) - 68.7 (22.1-141.3) - -
IRI2016-3188 (F) 401.8 (257.3-578.0) 44.5 (31.0-60.4) 69.4 (47.4-95.6) 515.2 (139.8-1130.7)
IRI2016-3190 (F) 201.2 (144.0-267.8) 2441 (88.1-478.3) 101.8 (66.9-143.9) 39.4 (28.5-52.1)
IRI2016-3191 (F) 74.2 (57.6-92.8) 51.2 (31.8-75.2) 66.5 (44.5-92.9) 69.4 (45.0 99.1)
HNP Annual Early dry Late dry Wet
0-3701229 (F) 382.8 (282.6-497.9) 430.6 (179.8-789.2) 504.8 (241.4-863.8) 181.8 (107.3-275.6)
0-3701235 (M) - - 730.8 (363.9-1223.5) -
0-3701238 (F) - - - 397.8 (247.2-583.7)
0-3701242 (F) 428.1 (302.6-575.2) 150.3 (86.1-232.0) 404.3 (235.1-618.4) 183.5 (111.3-273.6)
0-3701245 (F) 906.7 (532.6-1378.6) 401.3 (225.0-627.8) - -
0-3701247 (F) 932.6 (635.4-1285.9) - 647.9 (367.4-1006.7)  675.4 (386.8-1043.1)
0-3701249 (F) - - - 2052.7 (573.3-4458.3)
0-3701250 (F) 603.3 (421.4-817.3) 818.3 (351.7-1478.8) 434.8 (223.5-715.4) 459.9 (233.6-761.5)
0-3701497 (F) 465.4 (293.2-676.8) - 151.5 (102.1-210.5) 140.0 (83.8-210.5)
0-3701515 (F) 2261.1 (744.6-4602.8) 184.9 (83.9-325.2) 288.5 (148.2-475.0) 330.0 (213.2-471.8)
0-3703167 (F) 206.7 (146.5-277.1) - - -
0-3703474 (M) - - - -
0-3705169 (M) 1275.3 (816.3-1835.0) 938.9 (391.8-1721.1) - 743.3 (403.8-1184.6)

ern Botswana, it was found that mopane forests
have lower predator densities as compared to
other vegetation types (Cozzi, Broehuis, McNutt &

14

-
w

Daily distances travelled
(km)
o

HNP

Study site

sSvC

Schmid, 2013). Thus, it is likely that giraffe in SVC
also use woodland vegetation for predator avoid-
ance (Thaker et al., 2011).

Fig. 4. Comparative daily distances travelled in Hwange National Park (HNP) and the Savé Valley Conservancy
(SVC), Zimbabwe. Solid red line indicates global mean for all giraffe in both study sites. Error bars represent 95%
confidence intervals, whilst red dashed lines represent 95% global confidence limits.
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Fig. 5. Comparative seasonal daily distances travelled for giraffe in Hwange National Park (HNP) and the Savé Valley
Conservancy (SVC), Zimbabwe. Solid red line indicates the global mean for all giraffe in both study sites. Error bars
represent 95% confidence intervals, whilst red dashed lines represent 95% global confidence limits.

In HNP, giraffe selected for bushland and wood-
land vegetation types as the bushland had high
favourable forage tree species for giraffe (V. erio-
loba, D. lycioides, and P, violacea). Similar to SVC,
giraffe in HNP likely used the relatively densely
vegetated woodlands for predator protection. We
did, however, find that there was an increase in use
of the wooded bushland vegetation by giraffe in
HNP during the early dry season. Various studies
have shown that giraffe favour less dense areas,
with a high association between availability of
forage quality and vegetation type selection (e.g.
Kok & Opperman, 1980; Deacon & Smit, 2017),
and in Zimbabwe’s Zambezi NP selected for
Vachellia vegetation types, similar to both study
areas (Mandinyenya, Monks, Mundy & Sebata,
2019). With higher crude protein content, giraffe
predominantly favour Vachellia to maximize intake
(Fennessy, 2004; Mandinyenya et al., 2019), as
was recorded in SVC and HNP. However, giraffe
can utilize areas where there are high variations in
forage availability and quality across seasons
(Brown & Bolger, 2020).

Like vegetation type selection, giraffe home
ranges are influenced by the availability of favour-
able forage resources (e.g. Fennessy, 2009;
D’haen et al., 2019). Seasonal changes in home
range size are likely driven by changes in produc-
tivity of favourable browse species, with giraffe
adapting their movement and diet to fulfil their
nutritional and energy requirements (e.g. Pellew,
1984; Fennessy, 2004; McQualter et al., 2015,

Brown & Bolger, 2020). The comparatively smaller
home ranges in SVC are largely driven by favour-
able forage accessibility. In addition, the smaller
home ranges may also be impacted by other
factors (e.g. property size, human encroach-
ments, hard boundaries, fencing) but should be
further explored to assess the impact of each of
these factors (Deacon & Smit, 2017; Cubas,
2022). Unlike HNP, SVC is a closed system with a
perimeter fence around the property, which limits
their movements and dispersal (Loarie, Van Aarde
& Pimm, 2009). Conversely, populations in open
systems show larger home ranges, e.g. West
African giraffe in Niger (Le Pendu & Ciofolo, 1999),
and Angolan giraffe in Namibia (Fennessy, 2009;
Flanagan et al., 2016). Additionally, in HNP,
impacts of African savanna elephant may result in
adecrease in abundance of preferred tree species
(e.g. V. erioloba), and giraffe increasing their
home ranges to fulfil nutritional needs. Similar find-
ings were recorded in the Serengeti NP, Tanzania
where high African savanna elephant densities
have led to a decrease in V. tortilis availability,
leading to a decrease in giraffe densities (Strauss
& Packer, 2015). As giraffe occupy smaller spaces
in SVC to satisfy their resource needs, future
increased densities may increase intra-specific
competition, which would further impact the vege-
tation structure, giraffe population dynamics, and
in turn spatial use. Hence, more research is
needed to explore these effects.

Giraffe home ranges in SVC were smallest
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during the early dry season (84.4 km2) and largest
during the wet season (98.5 km2). However, these
variations were small and not significant. In HNP,
giraffe displayed large variations in their seasonal
home ranges, with the smallest (349.4 km?)
recorded during the wet season and the largest
(637.9 km2) during the late dry season. In compari-
son, Kordofan giraffe in Garamba NP, Democratic
Republic of Congo, displayed varied home range
sizes (range = 297.3-2024.8 kmz), with those
living in the denser vegetation types with more
abundant browse having smaller home ranges
(D’haen et al., 2019). South African giraffe home
ranges in northern Botswana and in the Khamab
Kalahari Reserve, South Africa, were smaller
during the wet season compared to the dry season
(wet = 110.2 km?, dry = 177.0 km®; wet =
177.0 km?, dry = 245.0 km2, respectively)
(McQualter et al., 2015; Deacon & Smit 2017). In
contrast to South African giraffe, Masai giraffe
home ranges in Amboseli and Nairobi NP, Kenya,
were larger during the wet season (44.5-924.8 km?,
36.8-154.6 km2), compared to the dry season
(range = 37.6-850.2 km2, 1.2-118.9 km~, respec-
tively) (Obari 2014). These findings may suggest
less productive areas may drive giraffe to occupy
larger home ranges during the dry season to
satisfy their resource needs, as also found in HNP.
Similar findings have been reported in other large
African browsers, e.g. eland (Tragelaphus oryx)
(Hillman, 1998), African savanna elephant (Young,
Ferreira & van Aarde, 2009), and greater kudu
(Tragelaphus strepsiceros) (Owen-Smith, 2008).

When assessed in more detail, the larger dry
season home ranges in HNP are likely linked to
vegetation type and browse availability. Browse
availability is reduced in the dry season, driving
giraffe to occupy larger spaces to access sufficient
food resources, e.g. a large decrease in preferred
forage selection (D. lycioides) during the dry sea-
son in HNP (Olivier, 2024). During the dry season,
artificial watering holes in ~45% of HNP are the
only stable water sources with the remaining areas
having limited human influences. The artificial
watering points are predominantly in the ‘vlei’
areas which coincides with the most favourable
browse species distribution, e.g. V. erioloba and
D. lycioides (Olivier, 2024). Whilst giraffe make use
of these areas, they range farther during the dry
season in HNP, possibly a result of seasonal
increased African savanna elephant and other
herbivore densities. As they are not water-depen-
dent and obtain sufficient moisture from forage,
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giraffe can maximize use across a landscape with-
out such limitations (Fennessy, 2004). Addi-
tionally, Davidson et al. (2013) found that giraffe
were most often targeted by lion within 1—4 km of
water sources in HNP, thus, they may avoid these
areas, especially during the dry season when lion
densities in these areas are highest.

In SVC, the river systems dry up in the dry
season, with only artificial watering points and a
few large pans remaining. In other populations,
giraffe aggregated in areas near water during the
dry season, e.g. Zambia’s Luangwa giraffe stayed
within proximity of water sources as these were the
only areas where favourable forage was available
year-round, resulting in litle home range variation
between seasons (Berry, 1978). Elsewhere, adult
male giraffe home ranges (26.7-1950.0 km?) were
~2.5 times larger than those of females (12.9-
1098.0 km2) in the northern Namib desert, likely
driven by their reduced probability of encountering
potential mates, their need to satisfy their meta-
bolic requirements, and the sparse vegetation
availability (e.g. Fennessy, 2009). In Murchison
Falls NP, Uganda, a greater percentage of male
giraffe would partially migrate, compared to
females (Brown & Bolger, 2020). Conversely, most
ungulate migrations found that females showed
migratory traits (Ohms, Gitelman, Jordan & Lytle,
2019). However, as female giraffe show different
breeding strategies and are only sexually recep-
tive for a few days during an oestrous cycle, male
giraffe allocate much of their time moving between
herds to assess if the females are sexually recep-
tive (Bercovitch, Bashaw. & del Castillo, 2006).

Interestingly, mean daily distances travelled by
giraffe were larger in SVC (11.5 km) and HNP
(12.8 km) compared to previous studies on South
African giraffe in South Africa (2.9 km; Langman,
1973) and Botswana (4-5 km; McQualter et al.,
2015), Luangwa giraffe in Zambia (<2.3 km; Berry,
1978), Angolan giraffe in Namibia (1.87 km;
Fennessy, 2009). However, this might in part be an
artefact of the different techniques and models used
over time. Similar to HNP, Owen-Smith (2013)
observed that South African giraffe travel farther
distances between feeding sites during the dry
season with reduced forage biomass and the
potential need to move between water sources. In
and around HNP’s Ngamo pans area, giraffe
rotationally browsed on V. erioloba and D. lycioides
during the wet season, likely decreasing their
mean distance travelled due to sufficient access to
browse (Olivier, 2024).
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CONCLUSION
This study has provided the first in-depth under-
standing of giraffe spatial ecology and vegetation
type selection in Zimbabwe’s HNP and SVC. In
both study areas, giraffe exhibited varying vegeta-
tion type use, primarily selecting bushland and
woodland vegetation types.

Giraffe exhibited smaller home ranges during the
wet season as compared to the early and late
dry season in HNP, with no significant variation in
seasonal home ranges in SVC. As such, we
partially accept our hypothesis that giraffe home
ranges will be smaller during the wet season.
Home ranges in SVC were smaller across all three
seasons and annually, compared to HNP, thus, we
can accept our hypotheses that giraffe home
ranges will be smaller in SVC. With the expansion
of human settlements around HNP, and suitable
vegetation types already limited in the park, it will
be essential to monitor and assess if availability of
space for the giraffe population is decreasing over
the long term.

We found that giraffe only travelled significantly
farther distances during the dry season in HNP, but
not in SVC. Results indicated that there was little
variation in the daily distances travelled by giraffe
in and between HNP and SVC. Shorter daily
distances travelled were only recorded during the
wet season in HNP, which may be driven by avail-
ability and utilization of resource patches. It was
expected that giraffe in HNP would need to travel
farther between favourable vegetation patches;
however, it seems that they instead orientate
themselves in favourable patches for a period of
time, before moving to a new vegetation patch.
Due to these results, we only partially accept our
hypothesis that giraffe will travel farther distances
during the dry season.

From our study, we conclude that vegetation
type, hard boundaries and access to favourable
food likely impact giraffe spatial use across land-
scapes in Zimbabwe. It is advised that future
management activities in both SVC and HNP
consider the conservation and protection of key
vegetation communities which giraffe and other
species depend on.
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