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ABSTRACT

The study aimed to map and predict land use and land cover change dynamics in a human-wildlife mediated landscape of
Save Valley Conservancy (SVC), south-eastern lowveld of Zimbabwe. In April 2018, remote sensing was used to
quantify land use and land cover changes between 1990 and 2015 based on satellite images acquired from North Atlantic
Space Agency (LANDSAT TM, path 170 raw 73). Household surveys were administered using a structured
questionnaire to 100 communal settlers to collect biophysical/socioecological data on explanatory variables which
included; density of human and livestock, fuelwood consumption and area under cultivation. The study used multi-
criteria evaluation procedure based on dynamic adjustments of socio-ecological data to generate transitional probability
maps of SVC. Thresholds of socio-ecological data were then computed in the Markov-cellular automata model through a
multi-objective land allocation procedure and a cellular automata spatial filter in order to simulate future land use and
land cover maps of 2020, 2030 and 2040 for SVC. If the Zimbabwe land reform and its agricultural resettlement program
is not properly coordinated and planned in the study area, the study predicted a continuing downward trend in woodland
cover category and a significant upward trend of land under agriculture. For the period 1990 to the 2040s, the woodland
cover is likely to decrease by 46.7% changing into agricultural land use and/or bare land in SVC. Future land use and
land cover simulations indicated that if the current land use and land cover trends continue unabated across the study
area without a holistic sustainable agricultural land-wildlife management plan and community development measures,
severe woodland degradation will occur. The study recommends ecological restoration and/or re-planning on agriculture-
wildlife land use and zonation, delineating agriculture and human settlement in the southern part of the conservancy
while the northern part of SVC is exclusively reserved and protected for wildlife management.
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INTRODUCTION conserve wildlife and to preserve biodiversity and are
normally defined as landscapes of ‘undisturbed
The Save Valley Conservancy (SVC), in the south- wilderness’ (Wels, 2003; ZPWMA, 2010). The human

eastern lowveld of Zimbabwe is of global significance for encroachment into protected areas causes land
the characteristic mega-fauna and flora of Africa fragmentation, degradation of woodland ecosystem and
(ZPWMA, 2010). The SVC is part of the Great Limpopo habitat loss due to expanding anthropogenic activities
Transfrontier Conservation Area of southern Africa, into protected areas that are triggered mainly by such
hence, forms part of the protected area system in factors as human poverty, human demographic factors,
Zimbabwe and stand as an important wildlife cog in the socio-economic  policies and land tenure systems
sub-Saharan savanna ecosystem. The sub-Sahara Africa (Kideghesho er al., 2006).

savanna ecosystem has the highest diversity of wildlife The conservancy concept, just like the national
and has sustained multispecies fauna and flora park concept in Zimbabwe involves the exclusion of
conservation systems for millennia (Du Toit and people from wildlife areas except tourists and employees
Cumming, 1999). However, the geo-spatial and concerned with management (Eltringham, 1990).
temporary distributions of many species in sub-Sahara However, human encroachment into protected areas like
Africa have been reduced due to excessive hunting, the SVC is perceived to have increased at the backdrop
pastoralism and human encroachment onto protected of the Zimbabwe land reform programme over the past
areas and wildlife habitat modification among other decades and the encroachment is associated with the
factors (Bonnington ef al., 2007; Kideghesho et al., 2006; extirpation of some species, particularly the large
Mamo and Bekele, 2011). Protected area systems in mammals and woody plants (Eltringham, 1990). Human
Zimbabwe include conservancies that are established to encroachment into the SVC reportedly heightened in the
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year 2000 following the onset of the Zimbabwe’s fast
track land reform programme with a record of
incremental changes in human density and spatial
expansion of human settlement in protected areas in the
south-eastern lowveld of Zimbabwe (ZimStats, 2013;
Gandiwa et al., 2011; Kahuni et al., 2014; Mashapa,
2018).

The human encroachment into protected areas is
perceived to be threatening the woody vegetation and its
provision of ecosystem services to wildlife and mankind.
Human-wildlife conflicts have been reported across SVC
with local people engaging in poaching, whereas, large
herbivores reportedly damage crops while large carnivore
prey on livestock (Lindsey, 2008; Mhuriro-Mashapa et
al., 2017; Matseketsa et al., 2019). Thus, human-wildlife
conflicts in south-eastern Zimbabwe threaten agriculture-
based livelihoods, thereby influencing farmers to expand
their agricultural land use to mitigate losses (LeBel et al.,
2011; Mhuriro-Mashapa et al., 2018; Mashapa et al.,
2019). An understanding of land use and land cover
changes is fundamental in human and wildlife mediated
land use management for ecological restoration,
especially for game and woodland management in the
SVC. This study adopted the definition of land use based
on how humans exploit land cover and is defined by
management practices such as game ranching,
agriculture, logging and conservation (Campbell et al.,
1996). Land use changes were recorded as consequences
of intervening factors which can result from varying land
utilization of the human-wildlife-environment system
(Lambin et al., 2003). Whereas, land cover depicts the
physical environment of the landscape, e.g., woodland,
agricultural land, grassland, bare land and water.

The present study aims to fill a knowledge gap
on the recent land use and land cover changes in a
landscape formerly reserved for wildlife, but now partly
settled by agricultural communities. Specifically, the
study objectives were two-folds, (i) to identify and map
the major land use and land cover changes from 1990 to
2015 and (ii) to simulate future land use and land cover
changes (2020, 2030 and 2040) in SVC south-eastern
lowveld of Zimbabwe. The study is significant and of
importance to land use managers especially given the
competing claims on land-use in the landscape and other
similar areas in Zimbabwe and beyond.
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MATERIALS AND METHODS

Study area: The SVC, with an area of about 348, 450 ha,
located at latitude 19°50'S-21°00'S and longitude 31°30
'E-32°30’E, is until recently, a single co-operatively
managed wildlife conservancy comprising individual
game ranches in Masvingo Province, south-eastern
lowveld of Zimbabwe (Fig. 1). In the year 2000, part of
SVC was resettled by communal farmers (Pole et al.,
2004). The study area is characterised by erratic rainfall
pattern with an annual range of 250mm to 550mm
(Williams, 2011). Mean monthly maximum temperature
is 35°C, whilst mean monthly minimum temperature is
23°C (Gandiwa et al., 2016). The vegetation is
predominantly dry deciduous savanna woodland of
varying types with Acacia spp, Combretum spp and
Colophospermum mopane woodland being the common
vegetation types (Cunliffe et al., 2012; Seydack et al.,
2012). SVC is endowed by a variety of large herbivores
dominated by buffalo (Syncerus caffer), elephant
(Loxodonta africana) and impala (Aepyceros melampus)
whereas, carnivores are dominated by lion (Panthera
leo), spotted hyenas (Crocuta crocuta) and African wild
dog (Lycaon pictus) (Williams, 2011).

Sampling design and data collection: The study
adopted two step approaches in data collection that
consisted of remote sensing for quantifying land use and
land cover changes over time and field work on ground
truthing to verify land use categories and
biophysical/socio-ecological data collection through
questionnaires. Five land use and land cover categories
namely woodland, agriculture, grassland, bare land and
water body were designated based on Williams (2011)
supplemented with field observations (Table 1). For the
purpose of this study agricultural land use was inclusive
of human settlements. The SVC boundary was digitized
from the Masvingo provincial administrative map of
Zimbabwe using ArcGIS 9.0 software (ESRI, 2004).
Land use and land cover changes were quantified across
SVC, using remote sensed satellite images acquired from
North Atlantic Space Agency (LANDSAT TM, path 170
raw 73).

Table 1. Descriptions of land use and land cover categories for the study area.

Land use and land
cover category

General description

Land covered with woody trees and shrubs forming closed canopies with relatively tall and dense trees.
Land tilled for growing crops. This category includes areas currently under crop or fallow and is inclusive of

Land area with more than 50% covered with grasses (mixed with some shrubs) and less than 50% herbaceous

Area under degraded grass lands and with some areas that are bare ground (including rock outcrops).

Woodlands
Agriculture
human settlement
Grassland
and have open lands usually used for grazing.
Bare land
Water body

Riverbeds which include sands, gravel, and bed rocks or wetlands, rivers and streams
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Fig 1. Save Valley Conservancy (SVC) and resettlement area within the protected area. The labels show the
names of properties within SVC. Note: Commercial north and commercial south depicts game ranches
still operation whereas resettlement shows human communal settlement within the protected area of

SVC. Source: Pole et al. (2004).

Land cover images considered for our study
were taken before Zimbabwe’s land reform of 2000
(1990 and 1995), during the time of the fast track land
reform (2000) and after resettlements (2005 and 2010) for
comparative purposes. The acquired images were geo-
referenced to the ground and co-registered such that
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corresponding pixels were matched based on time, which
aided to compare specific land cover units over time
(Fakarayi et al., 2015; Fayad, 2016). Using hand-held
Geographical Positioning System (GPS), the Ground
Control Points (GCPs) were collected and used for geo-
referencing of all land cover images in relation to the
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exact location of permanent land features such as hills,
river/stream and road  junctions. Reflected
electromagnetic radiation by earth features in the form of
Digital Numbers (DN) as recorded by LANDSAT
sensors tend to pose difficulties in comparison of multi-
temporal images due to differences in sun angle, sensor
angle and flight height among other reasons. In the
present study, this challenge was resolved by changing
DN values to radiance and then radiance to reflectance
using the following formula (Fakarayi et al., 2015);

DN to radiance = (LMAX - LMIN) / 255 * DN + LMIN
Radiance to reflectance: pp = (m * LA * d2) / ESUNA *
COS (@s)

where:

pp = planetary reflectance

LA = Spectral radiance at sensor’s aperture,

ESUNM = band dependent mean solar exo-atmospheric
irradiance,

®s = solar zenith angle and

d = earth-sun distance, in astronomical units

Assessment of land use by communal settlers in SVC:
In April 2018, household surveys were administered
using a structured questionnaire to pre and post 2000
communal settlers, in order to collect
biophysical/socioecological data on explanatory variables
which included; densities of human and livestock,
fuelwood consumption and area under cultivation. A
sample size of 100 households was selected from a total
of 1,401 households settled in the southern part of SVC.
The majority of the households as study respondents were
male-headed (n = 74) and the minority were female-
headed (n = 26). Sixty percent (60%, n = 60) of the
household study respondents’ ages ranged from 30 to 60
years and about 12% (n = 12) were over 60 years old.
However, 28% (n = 28) of the respondents were between
18 to 30 years old. Literacy was high as most study
respondents reported being educated with 80% (n = 80)
of the household heads having received at least primary
education. About 82% (n = 82) of the household study
respondents were not formally employed and were
involved in smallholder rain-fed crop and livestock
production. The selected biophysical/socio-ecological
data for pre and post 2000 were coded into a geo-data
base linked to geo-referenced SVC base maps. Finally,
each variable was rasterized and converted into ArcGIS
GRID format version 9.0 at a 30-m spatial resolution.
Desk review of available literature was conducted to
triangulate and record Dbiophysical/socioecological
information and related published data on population
growth rates of communal settlers, livestock and
elephants (Williams, 2011; Dunham and van der
Westhuizen, 2015).

Simulation of land use and land cover change over
time using Markov-cellular automata model: For
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simulating land use and land cover changes, we used data
layers of SvC boundary overlay and
biophysical/socioecological data (densities of human,
livestock and elephants as well as population growth rate,
respectively, fuelwood consumption, area under
cultivation) to produce cross-tabulation of the land use
and land cover change/transition matrix based on the 5
years’ time interval over time. In addition, and
specifically, a land use and land cover map of SVC for
2015 was produced from the Advanced Space-borne
Thermal Emission and Reflection Radiometer (ASTER)
data. Elevation was derived from the Masvingo Province
digital elevation model (DEM), obtained from the
Forestry = Commission of Zimbabwe. Dynamic
adjustments of transition map thresholds were
implemented in the Markov-cellular automata model
through a multi-objective land allocation (MOLA)
procedure and a cellular automata spatial filter in order to
simulate future land use and land cover maps for 2020,
2030 and 2040. For the application of the Markov-
cellular automata model in SVC, the following processes
were done using algorithms available in IDRISI
Kilimanjaro GIS and Image Processing software (1)
computation of land use and land cover transition
potential maps based on multicriteria evaluation (MCE)
procedure, (2) computation of steady state and transition
probabilities using Markov chain analysis, and (3) spatial
allocation of simulated land use and land cover
probabilities based on MOLA and a cellular automata
spatial filter (Grundy et al., 2000; Kamusoko et al.,
2009).

Data Analysis: Land use and land cover percentage
change was cross-tabulated and descriptive analysis of
change was performed over the period 1990 to 2015.
Using the IDRISI standardization algorithm, we
transformed the biophysical/socioecological data into
comparable transition potential values that represent the
probabilities of land use and land cover category changes
(Eastman, 2003). Further, an Analytic Hierarchy Process
(Saaty, 1977) was used to compute
biophysical/socioecological factor weights based on
preference and dominant factors derived from study
respondents of the household survey (Table 2).
Consistency Ratio (CR) was calculated and a satisfactory
result of 0.091 was obtained. If the CR is less than 10%,
then the matrix can be considered as having an acceptable
consistency (Saaty and Vargas, 2001). Thus, for instance
to compute the 2015 woodland transition potential map,
woodland change map from 2000 to 2015, and
biophysical/socioecological data for 2015 were combined
based on a weighted linear combination algorithm
(Eastman et al., 1995) using weights derived from the
Analytic Hierarchy Process procedure (Table 2), (see,
Saaty, 2008). Using the same procedure, we computed
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the 2000 land use and land cover transition potential
maps, using biophysical/socioecological data for 2000.

Table 2. Biophysical/socioecological data weights
derived from the Analytic Hierarchy Process

(AHP) procedure
Biophysical/socioecological factors Weight
Area under agriculture/cultivation 0.20
Human density 0.20
Fuel wood consumption 0.17
Domestic use of timber 0.16
Elephant density 0.11
Elevation 0.09
Livestock density 0.06
Distance travelled to fetch firewood 0.01
Total 1.00

Notes; To make comparisons, we used a scale of numbers
that indicates how many times more dominant one
element is over another element with respect to influence
on land use and land cover change in the study area.
Table 2 exhibits the scale of 0.01 to 1, with an ascending
order of influence on land use and land cover change as
recorded in SVC.

Computation of steady state and transition
probabilities of the landscape of SVC was done using
Markov chain analysis following Pastor et al. (1993),
which was used to compute transition probabilities based
on the LANDSAT derived land use and land cover maps
for 1990, 2000, 2005, 2010 and 2015 (Fig. 2). Two
landscape transition matrices were constructed from the
cross-tabulation of the land use and land cover maps
based on the 10 years’ time interval used for calibration
for the periodic transition matrix for the period from 1990
to 2000 and the 15 years’ time interval calibration the
periodic transition matrix for the period from 2000 to
2015. Spatial allocation of the simulated land use and
land cover probabilities was processed mainly from the
three datasets of SVC maps, namely, (1) the preceding
initial land use and land cover base map of SVC derived
from the LANDSAT, (2) the transition potential maps of
SVC, and (3) the periodic transition area matrix, which
were integrated using MOLA and cellular automata
spatial filter in order to simulate the subsequent land use
and land cover map. Cellular automata iterations were
specified as either 10 or 15 based on the number of years
for the period between land use and land cover maps of
SVC derived from LANDSAT.

With each cellular automata pass, each land use
and land cover transition map was re-weighted as a result
of the contiguity filter, which determines the location of
the simulated land use and land cover category (Pontius
and Malanson, 2005). Once re-weighted, the revised land
use and land cover transition maps were then run through
MOLA to allocate say 1/10 or 1/15 of the required land
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use and land cover in the first run, and 2/10 or 2/15 the
second run depending on the specified cellular automata
iterations, and so on, until the full allocation of land for
each land use and land cover category was obtained
(Myint and Wang, 2006). The transition area matrix
derived from the Markov chain analysis determines how
much land was allocated to a land use and land cover
category over the n-year period (Myint and Wang, 2006).
At the end of each iteration, a new land use and land
cover map of SVC was generated by overlaying all
results of the MOLA procedure. For example, three
datasets, the 2000 land use and land cover base map, the
transitional potential map of 2000 and the 2000-2015
land use and land cover change/transition area matrix,
were integrated using MOLA and cellular automata
spatial filter in order to simulate the 2015 land use and
land cover map, while specifying 15 cellular automata
iterations until the end of each iteration where a new land
use and land cover map of SVC was generated by
overlaying all results of the MOLA procedure. This
similar procedure of the Markov-cellular automata
model, run through a MOLA procedure and a cellular
automata spatial filter was done in order to simulate
present maps (2000 and 2015) and future maps (2020,
2030 and 2040) of land use and land cover of SVC, while
specifying the corresponding cellular automata iterations
for present and future maps until the end of each specific
iteration.

RESULTS

Land use and land cover changes: Woodland cover is
dominant but decreasing, whereas, agriculture land cover
increased over 1990 to 2015 in SVC. (Fig. 2 and Table
3).

During the 1990 to 2015, the woodland cover,
grassland and water bodies decreased by less than 92%,
while the agriculture and bare land significantly increased
by over 6,000% (Table 3). The major land use and land
cover changes were mainly from woodland to agriculture
areas and bare land by the year 2000 and onwards. The
period 1990 to 1995 recorded the minimum loss of
woodland cover over the study period.

The land use and land cover and the respective
biophysical/socioecological data of transition
probabilities were presented in the transition area matrix
for the 1990-2000 and 2000-2015 periods in SVC as
formulated based on the frequency distribution of the
observations of biophysical/socioecological factors as
influencers of land cover change, (Tables 4a & b). The
diagonal of the transition probability and transition
matrix represents the self-replacement probabilities, that
is the probability of a land use and land cover category
remaining the same (shown in bold in Tables 4a & b),
whereas the off-diagonal values indicate the probability
of a change occurring from one land use and land cover
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category to another. There is a 10-year time lag for the transition probabilities for the two time periods:
1990-2000 matrix and 15-year time lag for the 2000-2015 therefore, transition probabilities were used as an input in
matrix. There were less differences in the normalized the Markov-cellular automata model.

SAVE VALLEY CONSERVANCY
LANDCOVER

Legend

N woediand
Agriculture
Grassland
Waterbody

Bareland

Fig. 2. Land use and land cover maps of Save Valley Conservancy, south-eastern lowveld of Zimbabwe, 1990-2015

Table 3. Area of land use and land cover and % changes over time in SVC, 1990-2015.

Land use- —_ o _ " _ o _ o _ o _ o
land cover ] 2 £ 2 S 2 £ 2 £ 2 S 2
~ < ~ < ~ < ~ < e < e ]
> = w) = (=3 = wy = =] = wn =
=) 4 =) o (=3 < (= < — [} — [}
2 ¢ 2 £ ] £ & & & s 8 S
Woodland 326 727 -0.1 326675 -3.5 315191 -69 293338 -39 281880 -7.7 260090 -20.4
Agriculture 776 40.3 1089 530 6 864 90.3 13 064 267 47943 69.2 81139 10 352
Grassland 20 096 0.1 20 111 202 24169 553 37531  -70.6 11045 -84.8 1677 -91.7
Water body 778 -41.9 452 219.4 1444 -77.9 319 -21.4 251 170.2 678 -12.9
Bare land 72 71.2 124 5323 782 436.8 4198 74.6 7331 -33.6 4867 6638
Total (ha) 348 450 348 450 348 450 348 450 348 450 348 450

Table 4a. Land use and land cover change of steady state and transition area matrix (in ha) for SVC for the
period 1990-2000.

2000
1990 Woodland Agriculture Grassland Bare land
Woodland 0.89 0.53 0.21 0.06
Agriculture 0.41 0.02 0.24 0.08
Grassland 0.07 0.21 0.14 0.19
Bare land 0.05 0.50 0.16 0.18
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Table 4b. Land use and land cover change of steady state and transition area matrix (in ha) for SVC for the

period 2000-2015.

2015
2000 Woodland Agriculture Grassland Bare land
Woodland 0.87 0.60 0.29 0.09
Agriculture 0.79 0.12 0.26 0.10
Grassland 0.31 0.28 0.24 0.21
Bare land 0.06 0.53 0.22 0.38

Model validation: In order to validate the Markov-
cellular automata model to simulate future land use and
land cover maps for 2020, 2030 and 2040, we compared
data for the simulated land use and land cover categories
of SVC for 2000 and 2015 with the respective actual
LANDSAT satellite-derived land use and land cover
categories based on the Kappa statistic. The overall
simulation success was 73% and 87% for 2000 and 2015,
respectively based on the Markov-cellular automation.
The land categories in the simulated land use and land
cover were relatively like the corresponding categories in
the actual land use and land cover of SVC for 2015 (Fig.
3). Visual analysis of the 2015 results indicate that
simulated woodland and agriculture categories were
slightly higher than the actual figures, grassland category
was similar between the simulated and actual land use
and land cover categories, while the bare land and water
body categories were slightly poorly simulated.

Analysis of the simulated land use and land
cover categories of SVC in 2000 and 2015 revealed that
the  Markov-cellular automata model generally
underestimated the area of bare land and water body

300,000.00

categories (Fig. 3). This could be attributed to the fact
that Markov-cellular automata model applies the
contiguity rule with strong weighting towards predicting
new agriculture land near woodland edges to simulate the
land use and land cover category near the existing similar
land use and land cover category (Pontius and Malanson,
2005). Thus, since many of the nearby pixels would
belong to the land use and land cover category such as
woodland or agriculture in case of the present study, high
transition potential was maintained, resulting in good
simulation of the agriculture and woodland land use and
land cover categories due to their relative close
proximity. This suggests that the Markov-cellular
automata model’s simulation accuracy increases with the
proportion of a given land use and land cover category
relative to others. Conversely, if few of the nearby pixels
were depicted from a land use and land cover category
such as bare land or water body, then the transition
potential tended to breakdown its weight, which could
possibly result in poor simulation of that land use and
land cover category.

m Actual land use-land cover
category 2015

250,000.00

200,000.00

150,000.00

Area (ha)

100,000.00

50,000.00

Woodland

0.00

m Simulated land use-land
cover category 2015

Agriculture

Grassland Waterbody Bareland

Fig. 3. Simulated versus actual land use and land cover categories in 2015 for SVC, south-eastern Zimbabwe
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Predicted future land use and land cover changes for predicted that by the 2040s, woodland cover and
SVC: Based on the success of the models for 2000 and grassland in SVC will decrease by 46.7% and 10.5% as
2015, we simulated and produced future land use and compared to the 1990 land use and land cover categories,

land cover maps for 2020, 2030, 2040 for SVC (Fig. 4). respectively (Table 5).
The Markov-cellular automata model simulations

2020 2030

SAVE VALLEY CONSERVANCY
PREDICTED LANDCOVER

gend
Woodland

Agriculture
Grassland
Waterbody|

Bareland

Fig. 4. Simulated future land use and land cover maps of SVC, south-eastern Zimbabwe, 2020, 2030 and 2040

As woodland cover will decrease, thus, land decrease by 67.7% as compared to the 1990 status of
under agriculture and the bare land in SVC will water body cover in SVC. Generally, the period of 2020
significantly increase by at least 19, 000% and 9, 600% to 2030 is predicted that it will record the relative highest
as compared to the 1990 land use and land cover rate of change for most of the land use and land cover
categories, respectively. Conversely, water bodies will categories in SVC south-eastern lowveld of Zimbabwe.

Table 5. Area of land use and land cover and % changes over time in SVC, including the simulated future area of
land use and land cover and % changes

Land wuse- 1990 % 2000 % 2015 % 2020 % 2030 % 2040 %
land cover (ha) change (ha) change  (ha) change (ha) change (ha) change (ha) change

Woodland 326 -0.1 315 -17.5 260 -7.2 241 -19.2 195 -10.8 174 -46.7
727 191 090 504 019 048
Agriculture 776 40.3 6864 1082.1 81139 19.9 97 248 37.8 133 11.3 149 19 100
970 132
Grassland 20 096 0.1 24169  -93.1 1677 143.4 4083 207.9 12574 43 17978  -10.5
Water 778 -41.9 1444 -53 678 -27.5 491 -37.6 307 -18.1 251 -67.7
body
Bare land 72 71.3 782 522.1 4 867 53 5124 28.4 6 580 7 7041 9651
Total (ha) 348 348 348 348 348 348
450 450 450 450 450 450
DISCUSSION Zimbabwe. The study predicted a continuing decreasing

trend in woodland cover category and a significant
increasing trend of land under agriculture. For the period
1990 to the 2040s, the woodland cover will likely
decrease by about 46.7% changing into agricultural land
and/or bare land in SVC. The land use and land cover

The study sought to map and predict land use
and land cover change dynamics in human and wild
animal dominated SVC, south-eastern lowveld of
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changes have significant environmental and socio-
ecological implications for sustainable wildlife land use
planning in the protected area of SVC. Taking into
consideration the high human population density (36
person km?) with an annual population growth rate of
4.3% (from 2002 to 2012) settled on the southern part of
SVC (ZimStats, 2013), coupled with the high density of
elephants (2 elephants km'?) within the fragmented
northern part of the conservancy (Dunham and van der
Westhuizen, 2015), the simulated future land use and
land cover changes highlighted an increasing pressure on
land and woodland resources across SVC. For instance,
the continuing decline in woodland areas on one hand
and the increase in bare land areas on the other hand
imply woodland degradation in the future, which
potentially threatens wildlife since woodlands provide
forage for wild animals.

A synthesis of land use and land cover changes
in SVC highlighted that, the period 1990 to 1995
recorded the minimum loss of woodland cover over the
study period, whereas, the maximum land use and land
cover changes were recorded mainly from woodland to
agriculture areas and bare land by the year 2000 to 2015.
These varying trends of land cover change over time can
be attributed to land use changes experienced in SVC.
Originally, SVC was a co-operative structure of
individual cattle ranches with no elephants, thus woody
vegetation utilization levels and woodland loss would be
expectedly minimum pre-1995. However, these
connected cattle ranches were then converted into a
single co-operatively managed commercial wildlife
reserve conservancy in 1993 with the introduction of
elephants and other large herbivores (Wels, 2003).
Declines in woodland cover related to elephant browsing
have been documented in southern Africa for over 50
years (Buechner and Dawkins, 1961 ; Owen-Smith et al.,
2006). In areas where elephant density are high,
woodlands can be converted to a grasslands (Owen-Smith
et al., 2006). This land cover modification mostly takes
place through elephant herbivory, including tree toppling,
pollarding whole trees, by breaking and removing
branches from their canopies and by preventing or
reducing woody plant recruitment and regeneration
(Balfour et al., 2007 ; Mashapa et al., 2013). However,
the spatial variation of elephant impacts on woody
vegetation still needs more understanding, given that the
relationship between elephant density and the ecological
impact of elephants is complex and variable (Balfour et
al., 2007). It is difficult to separate elephant influence
from that of other causes of tree mortality, including
drought (van de Vijver et al., 1999), fire (Higgins et al.,
2000) and human activities (Mashapa et al., 2019),
especially when interactions among them may occur (De
Beer et al., 2006).

With the onset of the Zimbabwe’s ‘fast track’
resettlement programme of 2000, villagers moved into
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parts of protected areas in Save Valley, southeastern
lowveld of Zimbabwe, opening the woodlands for
agriculture land use (Rukuni et al., 2006). The land
resettlement process of the Zimbabwe land reform
programme initially took insufficient account of some of
the fundamental requirements for wildlife and woodlands
conservation (Fakarayi et al., 2016). Moreover, the
introduced elephant population continues to increase over
time, with high levels of elephant herbivory in SVC
(Dunham and van der Westhuizen, 2015). Thus, the post
2000 to 2015 era in SVC recorded excessive decreasing
trend in woodland cover, grassland and water bodies with
a relative increase in agricultural land cover and bare
land.

The Markov-cellular automata model employed
in this study area was able to advance previous research
(Paegelow and Olmedo, 2005) by incorporating
additional biophysical/socio-ecological factors such as
human density, fuelwood consumption, area under the
cultivation and elephant density which determined the
quantity and location of the simulated future land use and
land cover changes, particularly in relation to the decline
in woodland areas as land is opened for agricultural crop
production. Spatial modelling and empirical evidence
support the contention that tropical savanna ecosystems
are characterized by local disequilibrium and stability
which is determined through a hierarchy of disturbances
(Wu and Levin, 1994; Wu and Loucks, 1995; Gillson,
2004; Briske et al., 2005). Thus, it is evident from our
present study that anthropogenic disturbance regimes
play a key role in determining the status of land use and
land cover in the SVC where land use has changed from
protected wildlife area to agriculture and human
resettlement area (Rukuni ez al., 2006; Scoones et al.,
2010). Zimbabwe land reform programme is attributed to
the decline of woodlands and significant increase of
agricultural activities within the protected area of SVC.
Communal settlers moved into the protected area and
cleared the land required for their agricultural and
settlement needs, and this has fragmented SVC (Pole,
2006).

Elsewhere, in Gwayi Forest reserve of
Zimbabwe, communal settlers invaded this protected area
and cleared woodland for agriculture and settlement land
use without acquiring permission from the Forestry
Commission of Zimbabwe (Gwaai Working Group,
1997). Generally, they attempted to exercise usufructuary
rights regardless of the Forestry Commission’s claim of
land tenure and forest resources (Bradley and McNamara,
1993; Kamusoko et al., 2009). Relatedly, communal
settlers invaded and cleared woodland for agriculture and
settlements in northern Gonarezhou National Park and
Chiredzi River Conservancy, south eastern Zimbabwe
(Kahuni et al., 2014; Zisadza-Gandiwa et al., 2014;
Gandiwa et al., 2011). Rural people in Zimbabwe, use
woody plants mainly as sources of firewood and building
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material and clear the areas for cultivation (Muboko et
al., 2013). Tt is likely that more land under woodland
cover will be cleared for agricultural use within SVC.
Literature review confirmed that with the onset of
Zimbabwe’s land reform program in 2000 there was a
significant increase in land use conversion to agricultural
settlement with estimated 11 371 huts/houses along with
15 098 cattle and 5 472 sheep/goats, greatly increasing
the risk of disease transmission between wildlife and
domestic animals in SVC (Dunham and van der
Westhuizen, 2015). Future land use and land cover
simulations indicated that if the current agricultural
settlement trend continues unregulated in the study area
without a holistic sustainable agricultural land-wildlife
management and community development plan, severe
woodland degradation will occur.

In the next 20 years or so, with the rising human
population (ZimStats, 2013), the increasing elephant
density (Dunham and van der Westhuizen, 2015) and the
resultant diminishing woodland cover mainly due to
agricultural land clearance and livestock grazing, it is
predicted to cause woodland degradation in SVC. This
has negative implications on the viability of wildlife
management in SVC considering that woodland
ecosystems play a key role in sustaining food chains
across trophic levels of species (Bradley and Dewees,
1993). It is important for communal settlers, the local
rural district council in Zimbabwe, the management of
SVC, the Zimbabwe Parks and Wildlife Management
Authority and the Zimbabwe Ministries responsible for
land, environment and agriculture to invest in land use
planning and zonation to delineate the communal farming
settlement from the wildlife areas and this will result in
benefits to all stakeholders. Furthermore, there is need to
invest in the long-term sustainability of the natural
resources of SVC by re-planning and adopt the Wildlife
Based-Land Reform Policy and Resettlement allowing
proper demarcation of land use at the human-wildlife
interface. Importantly, eco-tourism is presently one of the
fastest growing industry in Zimbabwe (ZimStats, 2013),
and SVC could potentially be of high value for tourism,
as it is part of the Great Limpopo Trans-frontier
Conservation Area. Thus, the present study provided
insights towards ecological restoration and/or sustainable
land and wildlife management of SVC and similar
protected wildlife areas in savanna ecosystems that are
prone to human encroachment.

Conclusion: The study model predicted a significant
46.7% reduction of woodland cover on or before 2040,
likely to cause woodland degradation thereby negatively
affecting the viability of wildlife management in SVC. It
is important to note that the model likely did not capture
all the intricacies of land use and land cover changes and
should not be interpreted too literally. Similarly, the
influence of the slight over estimation of the woodland
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and agricultural land categories needs to be taken into
consideration in interpreting the simulated maps.
However, the scientific information on present and future
land use and land cover change for SVC, could
contribute to decision-making in land use planning and
re-zonation to delineate farming settlements from the
remainder of the protected wildlife area.
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