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The objectives of this study were: i) to establish the status of woody vegetation structure and
composition, and ii) to determine the main factors influencing woody vegetation structure and
composition across Gonarezhou National Park, Zimbabwe. We divided the park into three large strata
based on natural and artificial features. A total of 137 sample plots were randomly placed to gather data
on woody vegetation in the three study strata across Gonarezhou National Park from May to June 2011.
Trees constituted 66% and shrubs 34% of the woody plants sampled. A total of 132 woody plant
species were recorded. Significant differences were found in basal area, shrub density, browsed plants
density and woody species diversity across Gonarezhou National Park. In contrast, no significant
differences were recorded in tree height, densities of trees, stems, dead plants and fire damaged
plants. Our results suggest that there are some variations in woody vegetation structure and
composition across Gonarezhou National Park. These variations could be attributed to both natural and
anthropogenic disturbance factors including elephant (Loxodonta africana Blumenbach) browsing,
fires, droughts and previous tsetse fly (Glossina spp.) (Diptera: Glossinidae) eradication activities in
the park.
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INTRODUCTION

Savannas are one of the world's most extensive biomes
(Williams et al., 1996). They comprise systems with a

ecosystems and service provision. However, the
structure and composition of woody vegetation in

continuous herbaceous layer and a discontinuous woody
stratum (Scholes and Archer, 1997; Sankaran et al.,
2008). Accordingly, woody vegetation structure and
composition plays important roles in the functioning of
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savannas is thought to be influenced by water availability,
nutrient availability, fire and herbivory typology and
grazing pressure (Frost et al., 1986). Moreover, human
activities also influence the structure and composition of
woody vegetation in savanna ecosystems (Skarpe,
1990). The loss of woody vegetation due to herbivory,
fires, drought, frost, diseases and human disturbances is
a cause for concern and it has been an area of
continuous research focus (example Ben-Shahar, 1998;
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Figure 1. Location of the three study strata in Gonarezhou National Park, southern

Zimbabwe.

Tafangenyasha, 1998; Holdo, 2007; Alamu and Agbeja,
2011; O'Kane et al., 2012). For instance, there has been
an increasing concern over the detrimental effects of
localized African elephant (Loxodonta africana
Blumenbach) impacts on vegetation and biodiversity,
particularly in southern Africa (Cumming et al., 1997;
Skarpe et al., 2004; O’Connor et al., 2007; Guldemond
and Van Aarde, 2008; Gandiwa et al., 2011a), as a result
of increasing elephant populations in some areas where
this species is protected (Valeix et al., 2007; Van Aarde
and Jackson, 2007). Similarly, fire occurrence has also
been linked to reduced woody vegetation cover in some
savanna ecosystems (Bond and Keeley, 2005; Pricope
and Binford, 2012).

Anthropogenic and natural disturbances in protected
areas may threaten the structure and composition of
woody vegetation in savanna areas. Therefore, the study
of structure and composition of tropical vegetation
becomes more important in the face of the ever
increasing threats to the tropical ecosystems (example,
Addo-Fordjour et al., 2009). Given that protected areas
are the cornerstone of global biodiversity conservation
(Gaston et al., 2008); we focused our study on

establishing the status of woody vegetation in a large
state protected area occurring in southern Zimbabwe.
Specifically, our study objectives were: i) to establish the
status of woody vegetation structure and composition and
i) to determine the main factors influencing woody
vegetation structure and composition across the
Gonarezhou National Park, Zimbabwe.

MATERIALS AND METHODS
Study area

Gonarezhou National Park occurs in southern Zimbabwe between
21° 00' to 22° 15' S and 30° 15' to 32° 30' E (Figure 1), covering
~5000 km?. Gonarezhou National Park altitude ranges from 165 to
575 m above sea level. Established in the early 1930s as a Game
Reserve, Gonarezhou National Park was upgraded into a national
park in 1975 under the Parks and Wildlife Act of 1975. The study
area experiences three seasons: hot dry, hot wet and cool dry.
Annual average rainfall for Gonarezhou National Park is about 466
mm, with November to March being the wettest months. The dry
season normally lasts from April to October. The major vegetation
type is Colophospermum mopane J. Kirk ex Benth woodland, which
covers approximately 40% of Gonarezhou National Park. There is a
wide variety of large herbivore species in Gonarezhou National
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Table 1. Attributes of woody vegetation variables (mean + standard error) for the three strata across Gonarezhou National Park

(GNP), Zimbabwe.

Variable Northern GNP Central GNP Southern GNP Significance (P-value)
Basal area (m?ha) 2.33+9.50% 0.67 +3.33" 0.50 + 2.33" 0.003
Woody plant height (m) 4.24+0.31° 4.36 +0.22° 3.96 £ 0.21° 0.640
Shrub density/ha 190.89 + 21.14% 155.56 + 18.12% 235.18 + 25.68" 0.018
Stem density/ha 1600.31 + 108.35% 1580.99 + 85.27% 1748.15 + 192.36% 0.723
Tree density/ha 362.89 + 40.50° 400.88 + 18.29° 364.82 + 25.96° 0.081
Browsed plant density/ha 203.23 +42.13° 188.16 + 39.34" 176.74 + 45.26" 0.009
Fire damaged plant density/ha ~ 56.12 + 11.34° 43.21 + 13.45% 33.49 +11.53% 0.555
Dead plant density/ha 16.04 + 3.30% 14.62 + 2.80% 39.51 + 18.02° 0.641
Species diversity (H") 1.25 + 0.09% 0.88 * 0.07" 0.90 + 0.10" 0.003

Significant levels are from one-way ANOVA tests. Different letter superscripts within rows for each variable denote significant
differences (Fisher's LSD, P < 0.05). Significant values are indicated in bold.

Park, including the African elephant. On average 22% of
Gonarezhou National Park is burnt by uncontrolled fire every year
and most of these fires are started by illegal hunters inside the park
(Gandiwa and Kativu, 2009).

Sampling design and data collection

This study was based on a stratified random sampling design. The
study area was divided into three strata based on natural and
artificial features (Gandiwa et al., 2012a; Figure 1), namely the
northern Gonarezhou National Park (1167 km?) including the area
bounded by the Runde and Save rivers (53 sample plots), central
Gonarezhou National Park (2963 km?) including the area between
Runde River and railway line (57 sample plots) and southern
Gonarezhou National Park (820 km?) including the area between
the railway line and Mwenezi River (27 sample plots). The number
of sample plots per strata was not directly linked to the size of the
strata but was chosen to provide reliable information about woody
vegetation structure and composition. Sample plots were randomly
generated based on the grid intercepts on a topographical map. We
used sample plots measuring 20 x 30 m.

It should be noted that the rivers and railway line used in this
study were primarily for physical demarcation of the study strata
and are not very effective in containing elephant movements
(Gandiwa et al., 2013). However, the rivers and railway line act as
good firebreaks for fires in Gonarezhou National Park (E. Gandiwa,
personal observation). The Save, Runde and Mwenezi rivers are
perennial rivers and have high animal concentrations during the dry
seasons. The three study strata differ in geology and soils as
outlined by Gandiwa et al. (2011b). The elephant densities for the
three study strata are 2.18 elephants/km? in northern Gonarezhou
National Park; 2.04 elephants/km2 in central Gonarezhou National
Park and 1.39 elephants/km? in southern Gonarezhou National
Park (Dunham et al., 2010).

The woody strata comprised of trees and shrubs. Trees were
defined as rooted, woody, self-supporting plants 23 m in height with
one or a few definite trunks whereas shrubs were defined as
rooted, woody, self-supporting, multi-stemmed or single stemmed
plants greater than 1 m, but <3 m in height (Gandiwa and Kativu,
2009). Plots were pegged on the ground with four metal pegs and a
flexible 100 m measuring tape was laid around the plot perimeter to
define the sample plots. For each woody vegetation within the plot,
species name, woody plant height, stem circumference, number of
stems per plant, fire damage, plant status (alive or dead) and
evidence of browse were recorded. Floristic composition and

structure of woody vegetation component were assessed from May
to June 2011.

Data analysis

Woody vegetation basal circumference values were converted to
basal area whereas all density measures were converted to per ha
as outlined by Gandiwa and Kativu (2009). The Shannon-Weiner
(H") diversity index (Ludwig and Reynolds, 1988) was used to
calculate the woody vegetation diversity values of each sample plot.
Data were tested for normality using the Kolmogorov-Smirnov test
in STATISTICA Version 6 for Windows software (StatSoft, 2001).
Data on mean woody plant height, basal area, density of shrubs,
trees, dead plants, fire damaged plants, browsed plants and stems
were Iog10 (x + 1) transformed to satisfy the normality assumption. A

one-way analysis of variance (ANOVA) with strata as categorical
predictor and woody vegetation variables as dependent variables
was performed to test differences of measured variables across
Gonarezhou National Park. For variables with significant
differences, Fisher’'s least significant difference (LSD) post-hoc
tests were used to determine differences between the three strata.
Furthermore, we used an indirect ordination approach, namely the
principal component analysis (PCA), to extract the main
components of variation in the woody vegetation structure and
composition using CANOCO Version 4.5 software for Windows and
CanoDraw for Windows (Ter Braak and Smilauer, 2002).

RESULTS

A total of 4589 individual woody plants, that is trees and
shrubs, were assessed in the 137 sample plots and 132
woody plant species were recorded. Trees and shrubs
contributed 66 and 34% respectively of the woody plants
sampled. Woody vegetation basal area was significantly
higher in the northern Gonarezhou National Park than in
the central and southern Gonarezhou National Park
(Table 1); shrub density was significantly higher in the
southern Gonarezhou National Park compared to the
central and northern Gonarezhou National Park; browsed
plant density was significantly higher in the northern
Gonarezhou National Park compared to central and
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Table 2. Eigenvalues and variance explained by the Principal Component Analysis.

Axes

1 2 3 4

Eigenvalues

030 026 018 0.14

Cumulative percentage variance of species data 29.60 55.60 73.50 87.10

Fire damaged plant density

N23
o

Axis 2 (26.00%)

Species diversity

06 Axis 1(29.60%) 12

Figure 2. Scatter plot of the sample plots (round circles) in woody
vegetation across Gonarezhou National Park, southern Zimbabwe.
Notes: N denotes sample plots from northern Gonarezhou National Park;
C denotes sample plots from central Gonarezhou National Park, and S
denotes sample plots from southern Gonarezhou National Park.

Southern Gonarezhou National Park, and woody species
diversity was significantly higher in the northern
Gonarezhou National Park compared to the central and
southern Gonarezhou National Park (Table 1). The
woody vegetation community was dominated by Acacia
nigrescens  Oliv.,, Androstachys johnsonii  Prain,
Brachystegia glaucescens Hutch. and Burtt Davy, C.
mopane, Combretum apiculutum Sond., Dichrostachys
cineria (L.) Wight and Arn., Diplorhynchus condylocarpon
(Mall.  Arg.) Pichon, Guibourtia conjugata (Bolle) J.
Léonard, Hyphaene natalensis Gaertn., Julbernadia
globiflora (Benth.) Troupin, Kirkia acuminata Oliv.,
Spirostachys africana Sond., Terminalia prunioides M.A.
Lawson, and other riparian and alluvial vegetation
species. In contrast, there were no significant differences

in woody plant height, densities of trees, stems, dead
plants and fire damaged plants across Gonarezhou
National Park.

The PCA output of study vegetation variables shows
Axis 1 accounting for 29.60% and Axis 2 accounting for
26.00% of the variance (Table 2). Axis 1 defines a
gradient from sample plots with higher tree density and
dead plant density to sample plots with higher densities
of elephant browsed plants and species diversity. Axis 2
defines a gradient from sample plots with higher species
diversity to sample plots with higher densities of fire
damaged plants and elephant browed plants. There was
no distinct separation of sample plots in the PCA
ordination diagram for the two axes in relation to the
study strata across Gonarezhou National Park (Figure 2).
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Figure 3. Woody vegetation in Gonarezhou National Park, southern Zimbabwe. Top-left:
evidence of woody vegetation damage by elephants, top-right: mopane woodland and
bottom: mixed woody vegetation community. Photo credits: P. Zisadza-Gandiwa.

DISCUSSION

The results of the present study show that there were
significant differences in basal area, browsed plant
density, shrub density and species diversity across the
three strata in Gonarezhou National Park. The structural
and compositional differences across the three strata in
Gonarezhou National Park were possibly related to
herbivory, fires, human activities, droughts, geology and
soil differences (Tafangenyasha, 1997a, 1998; Gandiwa
and Kativu, 2009; Gandiwa et al., 2011a, b). Repeated
fires and elephant browsing are known to stress normal
growth and affect the health of the woodland and may
top-kill woody vegetation (Bond, 2008; Ryan and
Williams, 2011; Asner and Levick, 2012). Furthermore,
elephant populations in Gonarezhou National Park have
over the years continued to increase, from ~3100 in 1969
to ~9100 in 2009 (Dunham et al., 2010). This increase
may also have been influenced by the recent non-culling
of elephants in the park since the last elephant cull in
Gonarezhou National Park was conducted in 1993.
Tsetse fly (Glossina spp.) (Diptera: Glossinidae)
eradication teams cleared riparian woodlands from parts
of the major river systems, i.e. Save, Runde and
Mwenezi, in Gonarezhou National Park, also negatively
influencing the woody vegetation (Gandiwa and Kativu,
20009).

The present study shows that elephant browsing signifi-

cantly affected the woody vegetation structure across
Gonarezhou National Park. A higher number of elephant
damaged trees were recorded in northern Gonarezhou
National Park, particularly on C. mopane woodland. This
may be a result of mopane being the common species in
the study area, hence, increasing the probability of it
being targeted by elephants. Larger trees were less
damaged by elephants and most damage was recorded
on small trees. Field observations showed that elephant
damage was characterized by breaking of branches and
stems, uprooting, pushing over and scarring of woody
species (Figure 3). Trees on hilltops and rocky outcrops
were, however, slightly damaged by elephants compared
to trees in the plains as also reported by Mpofu et al.
(2012). Moreover, a recent study in northern Gonarezhou
National Park reported marked woodland degradation on
Acacia tortilis (Forssk.) Hayne woodland patches as a
result of elephant activity (Gandiwa et al., 2011a).
Elsewhere, Anderson and Walker (1974) have noted a
strong selection for C. mopane in Sengwa Wildlife
Research Area, Zimbabwe, however, with increased
amount of re-growth following high elephant damage.
Elephants often change the structure and composition
of vegetation, particularly in areas close to water sources
(De Leeuw et al., 2001; Mukwashi et al., 2012). During
the wet season, the elephant population is distributed
throughout the park, but water supplies, through seasonal
water pans, in central Gonarezhou National Park dry up
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in the dry season reducing the range of the elephants.
Elephants are therefore, forced to move towards
permanent water, largely along the Save, Runde and
Mwenezi rivers, and artificial water sources such as
Masasanya dam and Benji weir, resulting in marked
concentration and increased woody vegetation damage
in these areas (Tafangenyasha, 1997b; Gandiwa et al.,
2012b). Elsewhere, Smit et al. (2007) reported a similar
pattern of habitat use by elephants in relation to surface
water in Kruger National Park, South Africa. Mosugelo et
al. (2002) attributed the conversion of woodland
vegetation into shrubland to the strong increase of
elephant browsing pressure along the Chobe River,
Botswana. Kalwij et al. (2010) reported an increase in
tree density, canopy cover and volume in central Chobe,
in spite of a growing elephant population. In Maputo
Elephant Reserve, Mozambique, Ntumi et al. (2005)
reported that elephant habitat occupation was closely
linked to forage and water resources.

The present study shows that shrub density was
different across Gonarezhou National Park. This may
probably be a result of resprouting from the base after
being pushed over by elephants and also after being
burnt. Our results also show that the majority of trees
were multi-stemmed, a situation normally resulting from
resprouting in response to disturbances. Disturbance,
such as herbivory and repeated fires are likely to promote
vigorous resprouting (Bond and Keeley, 2005). We also
recorded evidence of large tree mortality, most likely from
the interaction of elephant activity, fires, droughts and
disease in Gonarezhou National Park, as represented by
moderate dead tree densities.

Our results show that woody vegetation structure and
composition have some similarities and dissimilarities
across Gonarezhou National Park. Variations in woody
vegetation structure and composition could be attributed
to both natural and anthropogenic disturbance factors.
Based on our study findings, we therefore, recommend
that management in Gonarezhou National Park should
aim at conserving optimal woody vegetation diversity and
structure which allows for the effective conservation of
wildlife resources in the park. Where possible, extreme
woody vegetation degradation, particularly from elephant
activity, frequent fires and human activities, should be
minimised. Future research should aim to detangle the
effects of localised effects of elephants and fires on
different woodlands in the park. Moreover, considerations
for future large herbivore species re-introductions in
Gonarezhou National Park should consider the variations
in woody vegetation structure and composition across the
park.
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