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Abstract
A study on the structure and composition of Androstachys johnsonii Prain (Euphorbiaceae) woodland across three
strata was conducted in Gonarezhou National Park (GNP), southeast Zimbabwe. Specifically, the objectives of the
study were: (i) to determine the spatial structure and composition of A. johnsonii woodland in GNP and (ii) to
determine factors that influence the structure and composition of A. johnsonii woodland in GNP. This study was
based on a stratified random design with three major soil groups, and 30 plots were sampled in May 2010. The
three soil strata were comprised of soils derived from (i) rhyolite, (ii) malvernia and (iii) granophyre bedrocks. A
total of 1258 woody plants were assessed and 41 woody species were recorded. There were significant differences
in mean tree heights, tree densities, basal area and species diversity in A. johnsonii woodland across the three soil
strata. In contrast, there were no significant differences in the mean number of dead plants per ha in the three
study strata in the GNP. Our study findings suggest that A. johnsonii woodland in GNP is being degraded. GNP
management should develop a monitoring program through establishing monitoring plots in A. johnsonii
woodland, and further studies need to be carried out, particularly on recruitment of A. johnsonii in the GNP.
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Introduction
Savanna systems are characterized by a mixture of trees and grasses where the relative dominance of
woody cover is determined by biotic and abiotic factors [1]. Savannas occupy a fifth of the earth’s
land surface and support a large proportion of the world’s human population and most of its
rangeland, livestock and wild herbivore biomass [1]. Androstachys johnsonii Prain (Euphorbiaceae),
the Lebombo ironwood, is an evergreen tree with a maximum height of about 15 m [2]. The
evergreen A. johnsonii canopy remains green throughout the year and provides important forage and
shade for wildlife at a time when many other trees are leafless.
High population densities of about 1.8 elephants per km 2 of African elephants (Loxodonta africana)
and high fire frequencies in Gonarezhou National Park (GNP), southeast Zimbabwe, are likely to be
the major factors perpetuating the loss of A. johnsonii woodland. This may lead to a shift from
savanna woodland to scrubland or grassland [3] and might pose problems to wildlife management in
GNP. The decline of A. johnsonii woodland where wildlife concentrates during the dry season has
been of concern to the wildlife managers in GNP. Changes in woody vegetation structure and
composition may have important implications for wildlife habitat, biotic diversity and risk of future
disturbances [4].
Previous studies in GNP, southeast Zimbabwe, suggest that fire is an important factor that has
contributed to woodland stand dynamics. Tafangenyasha [5] reported that frequent fires in GNP led
to the decline of canopy woodlands and herbaceous plant cover. In addition, Tafangenyasha [6]
suggested that fire and elephant herbivory contributed to the general modification of habitats and, in
particular, to the decline of Brachystegia glaucescens woodland in GNP. Androstachys johnsonii is of
restricted distribution and is a relatively rare species in Zimbabwe. The woodland is vulnerable to
elephant and fire damage during the dry season.
Successful management of large areas of natural vegetation depends to a large measure on
knowledge of vegetation composition, the extent to which the vegetation is used, and changes which
take place in response to fire and other disturbances [7]. Therefore, the aim of the present study was
to determine the structure and composition of A. johnsonii woodland, and to contribute towards
woodland restoration strategies in GNP. Specifically, the objectives of the study were: (i) to
determine the spatial structure and composition of A. johnsonii woodland in GNP and (ii) to
determine factors that influence the structure and composition of A. johnsonii woodland in GNP.

Methods
Study areas
Established in the early 1930s as a Game Reserve, GNP was transformed into a national park under
the Parks and Wildlife Act of 1975. GNP has been part of the Great Limpopo Transfrontier Park since
2000. Covering an area of 5053 km2, GNP is located in the southeast lowveld of Zimbabwe, between
21° 00’–22° 15’ S and 30° 15’–32° 30’ E (Fig. 1). GNP experiences two seasons, a wet season and a dry
season, which are contrasting. Annual average rainfall is about 466 mm, with October to March being
the wettest months. The dry season normally lasts from April to September. Average monthly
maximum temperatures are 25.9 °C in July and 36 °C in January. Average monthly minimum
temperatures range between 9 °C in June and 24 °C in January [3].
The major vegetation type is Colophospermum mopane woodland, which covers approximately 40%
of GNP. There is a wide variety of large herbivore species in the GNP ecosystem, including African
buffalo (Syncerus caffer), giraffe (Giraffa camelopardalis), waterbuck (Kobus ellipsiprymnus), roan
antelope (Hippotragus equinus), sable (Hippotragus niger), Burchell’s zebra (Equus burchelli),
wildebeest (Connochaetes taurinus), African elephant and hippopotamus (Hippopotamus amphibius).
The park has a number of large carnivores such as lion (Panthera leo) and spotted hyena (Crocuta
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crocuta) [8].
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Fig. 1. Location of the
Gonarezhou National Park
(GNP) in southeast
Zimbabwe.
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Experimental layout and selection of sampling plots
This study was based on a stratified random design [9] on three different soil groups. Accordingly, the
position of the plots followed stratification according to three soil groups namely, (i) rhyolite, (ii)
malvernia and (iii) granophyre bedrock derived soils [10]. For each of the three soil groups, 10
replicate plots were randomly placed in A. johnsonii woodland patches. All A. johnsonii woodland
patches in GNP were selected from the vegetation map of Sherry [11]. Sampling plots within the
woodland were located by generating random points (Global Positioning System [GPS] coordinates)
in the selected A. johnsonii woodland patches on a vegetation map in Arc View 3.2 software package.
Guided by a GNP topographical map, GPS handsets were used to track the position of the plots across
the woodland.

Data collection
For the purpose of this study, sampling plots measuring 20 × 50 m were used. This plot size satisfies
the consideration by Walker [7] of including at least 15-20 trees of the most important study species
in a plot. Trees were defined as rooted, woody, self-supporting plants ≥3m high with a basal stem
diameter ≥6cm, whereas shrubs were defined as rooted, self supporting <3m high and <6cm in stem
basal diameter [3,12]. All woody plants rooted within the plot were recorded and measured. Woody
plants occurring along plot margins were included if at least half of the rooted system was inside the
plot [7]. For multi-stemmed plants located at edges of plots, only stems with more than half their
base inside the plot were measured. The floristic composition and structure of the woody vegetation
component were assessed at the end of the rainy season, i.e. in May 2010, when species composition
was best represented [7].
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All woody plant species were identified using a field guide by Coates-Pelgrave [2]. The height of
woody vegetation was measured by placing a calibrated 6 m pole against a tree. For trees >6 m, the
pole was manually uplifted or height visually estimated by observing it at a distance away from the
tree. For multi-stemmed plants, only the height of the tallest stem was considered. The basal
circumference of each stem was measured just above the buttress swelling, to the nearest
centimeter, using a flexible 5 m tape measure. Every woody component in the plot was assessed for
elephant and fire damage. Elephant damage was associated with broken stems and branches, bark
stripping, scarring, uprooted or felled trees [12]. Fire damage indicators were fire scars, scorch marks
on branches, dead, burnt stems and charred plant remains [3]. All woody plants were assessed to
establish whether they were dead or alive. Because we conducted our field study towards the end of
the rainy season, dead plants were denoted as plants without living leaves, with dry and cracking
trunks, barks and stems.

Data Analyses
Variables included in the analyses were woody plant height, basal area, density and species diversity.
Data were tested for normality using the Kolmogorov-Smirnov test in STATISTICA version 6 package
[13] and all data were found to be normal. Descriptive statistics (means and standard errors) were
calculated for all vegetation variables. Plant densities for each plot were converted into per hectare
(ha). The Shannon Index (H) was calculated using the formula: H = -  (pi) × LN(pi), where pi is the
proportional abundance of a species and LN is the natural logarithm [14].
A One-Way ANOVA using STATISTICA statistical software with strata as categorical predictors and
vegetation variables as dependent variables was performed to test the main effects of variables and
strata (P-value at 0.05 significance level). For variables with significant differences, differences among
means were tested using the Fisher Least Significant Difference (LSD) post-hoc tests to detect
differences between the three soil categories. Data were further analyzed through a combination of
classification and ordination techniques to explore the associations, patterns and structure of woody
vegetation across the three strata. A Principal Component Analysis (PCA) was used to define both the
pattern and structure of variables [15] in the different strata using the vegetation variables.
Hierarchical Cluster Analysis (HCA) using the weighted pair group average linkage method was
performed using a matrix of 30 plots and 41 species, using the species abundance data to classify
sampling plots on the basis of their floristic similarity.

Results
Woody species composition and abundance
A total of 1258 woody plants (shrubs and trees) were assessed in 30 sampling plots, and 41 woody
species were recorded. About 68% of the woody plants were living trees, 32% were dead stems, 43%
showed evidence of elephant damage and 58% of the sampled woody components showed evidence
of fire damage. Androstachys johnsonii was the dominant woody species and at most times was
found in pure stands (Fig. 2).
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Fig. 2. Androstachys johnsonii woodland in Gonarezhou National Park (GNP), southeast Zimbabwe.
Photos: P. Zisadza-Gandiwa.

Androstachys johnsonii woody vegetation structure and composition across the three strata
in GNP
First, there were significant differences in tree heights in A. johnsonii woodland across the three
strata. Plots in granophyre derived soils had the highest tree heights compared to the other two
strata (Table 1). Secondly, there were significant differences in tree density in A. johnsonii woodland
across the three strata. Plots in granophyre derived soils had the highest tree density compared to
the other two strata. Thirdly, in contrast, there were no significant differences in the density of dead
plants across the three strata in the GNP. Fourthly, there were significant differences in basal areas in
A. johnsonii woodland across the three strata. Plots in the rhyolite derived soils had the highest basal
areas compared to the other two strata. Lastly, there were significant differences in species diversity
in A. johnsonii woodland across the three strata. Plots in the rhyolite derived soils had the greatest
diversity compared to the other two strata. Androstachys johnsonii, C. mopane, Combretum
apiculatum and a few other species in A. johnsonii woodland showed higher propensity to coppice in
all disturbed sites. High coppicing was evidence of elephant and fire disturbance. Coppicing varied
amongst species. However, we observed few seedlings of A. johnsonni in all sampling plots.
Table 1. Attributes of woody vegetation structure and composition for plots in Androstachys
johnsonii woodland in Gonarezhou National Park (GNP), southeast Zimbabwe (Mean and
Standard Error, SE). n = 10 plots/strata. Mean values with different superscript letters within rows
differ significantly (LSD; P < 0.05)
Rhyolite derived
soils

Strata
Malvernia bed derived
soils

Granophyre derived
soils

Variable

Mean

SE

Mean

SE

Mean

SE

Height (m)

3.55a

0.34

3.89a

0.33

9.19b

0.53

Tree density (ha)

648.33

a

54.12

555.00

a

39.44

893.33

b

45.22

Dead trees density
(ha)

216.67a

26.30

201.67a

24.27

220.00a

53.56

Basal area (m)

4.10a

0.72

1.96b

0.16

2.56b

0.25

Species diversity (H')

0.96a

0.14

0.24b

0.11

0.28b

0.09

Significance:
One-way ANOVA
F2,27 = 58.67;
P < 0.001
F2,27 = 14.03;
P < 0.001
F2,27 = 0.069;
P = 0.933
F2,27 = 5.980;
P = 0.007
F2,27 = 11.93;
P < 0.001
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Structure and pattern of A. johnsonni woodland in GNP
Principal Components Analysis (PCA) output of 5 vegetation variables shows Factor 1 accounting for
41.35% and Factor 2 accounting for 23.07% of the variance (Fig. 3). Tree height and basal area were
negatively correlated to Factor 1 whilst density of woody plants and dead plants were positively
correlated to Factor 1. Factor 1 therefore defines a gradient from taller trees with a higher basal area
to areas with higher density. Factor 2 defines a gradient from areas with higher species diversity to
areas with higher density of dead plants. Consequently, plots with taller trees and higher basal areas
scored low on Factor 1, mostly sample plots falling in the rhyolite derived soils, whereas those with a
higher density of woody plants scored high on Factor 1, mostly sample plots from the granophyre
derived soils. Sample plots with higher species diversity scored low on Factor 2, mostly plots from the
malvernia bed derived soils. Overall, the majority of sample plots in A. johnsonii woodland in all the
strata were characterized by higher numbers of dead plants and higher basal areas.

Fig. 3. Principal Component Analysis (PCA) scatter plot of 30 sample plots in Androstachys johnsonii woodland in
Gonarezhou National Park (GNP), southeast Zimbabwe. Notes: R-denotes sample plots from the Rhyolite derived soils; Mdenotes sample plots from Malvernia bed derived soils and G-denotes sample plots from Granophyre derived soils.
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Species association in A. johnsonii woodland in GNP in relation to the three study strata
The Hierarchical Cluster Analysis (HCA) dendrogram showed three broad clusters from the 30
sampled plots in A. johnsonii woodland in GNP (Fig. 4). Cluster A had only sample plots drawn from
granophyre derived soil strata. Plots in Cluster A were characterized by an association of the
following species: A. johnsonii, C. mopane, Spirostachys africana, Xeroderris stuhlmannii, Terminalia
prunioides and Grewia bicolor. Cluster B comprised sample plots from both rhyolite and malvernia
bed derived soil groups in A. johnsonii woodland and included the following common woody species:
A. johnsonii, C. apiculatum, Combretum celastroides, Boscia angustifolia, Canthium spp., Alchornea
laxiflora and Phyllanthus reticulatus. Lastly, Cluster C comprised a mixture of plots from all the three
study soil groups in GNP and consisted of diverse species composition.

Fig. 4. Hierarchical Cluster Analysis (HCA) dendrogram showing classification of sample plots into three (3)
clusters based on species abundance data from the 30 sample plots in Androstachys johnsonii woodland in
Gonarezhou National Park (GNP), southeast Zimbabwe. Notes: R-denotes sample plots from the Rhyolite
derived soils; M-denotes sample plots from Malvernia bed derived soils and G-denotes sample plots from
Granophyre derived soils.
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Discussion
This study recorded significant differences in height, basal area, tree density and species diversity of
A. johnsonii woodland in GNP. The structural and compositional differences in A. johnsonii woodland
in GNP probably result from factors such as herbivory, fires, soil differences, soil moisture, past
human activities and droughts. Androstachys johnsonii woodland in the northern section of GNP, an
area with high fire frequency and high elephant density, seems to be degraded. The reduced heights
in woody species show that elephants and fire are influencing the woodland. Repeated fires are
known to stress normal growth and affect the health of the woodland, while elephant browsing may
top-kill woody species [3]; hence A. johnsonii species fail to grow to their maximum attainable height
of about 15 m [2]. It was evident from this study that A. johnsonii trees occurring in all the three soil
strata were to some extent damaged by elephants and showed evidence of past fires in GNP. There
was noticeable damage to A. johnsonii woodland in areas of high elephant density and frequent fires
[3]. Tree damage was not uniform, however. Larger trees were less damaged by elephants and fire. In
contrast, most damage was recorded on the juveniles and immature trees. Affected trees showed
burn marks, scars, black surfaces and charred plant remains. Elephant damage was characterized by
breaking of branches and stems, uprooting, pushing over and scarring of woody species. However,
trees on hilltops and rocky outcrops showed evidence of slight elephant damage, whereas trees in
the plains were more damaged by elephants. This may be attributed to difficult access by elephants
to hilltops and rocky outcrops. One of the major reasons why elephants target A. johnsonii trees can
be attributed to their evergreen nature. This is compounded by the social behaviour of elephants,
including indiscriminate destruction of trees, especially by the male groups [16]. In areas with high
elephant densities, vegetation is destroyed not only by browsing but also by trampling. It has been
suggested that some of the tree felling may be a social display unrelated to feeding [17]. Additionally,
elephants often change the structure and composition of vegetation, particularly in areas close to
water sources [12]. In semi-arid savannas, a clear example of spatial heterogeneity in environmental
impact by herbivores is the development of utilization gradients around water sources where the
grazing and trampling are high [18].
Androstachys johnsonii trees showed evidence of resprouting from the base after being pushed by
elephants and also after being burnt. Disturbance, such as herbivory and repeated fires in the study
area, likely promoted vigorous resprouting of A. johnsonii. This is an important observation, as it is
likely to modify and influence state-and-transition dynamics in A. johnsonii woodland, thus affecting
the resultant population structure. Additionally, there was evidence of large tree mortality, most
likely from past droughts, elephants and fire damage in GNP, as represented by moderate dead tree
densities and evidence of resprouting or coppicing observed in the current study. Observed
differences in coppice in A. johnsonii woodland may be attributed to the inherent properties of each
tree species in the face of herbivory and fire damage. The observed low seedling density of A.
johnsonii woodland in this present study could be a result of repeated browsing by herbivores and
fires in GNP, resulting in insufficient time for the trees to recover from the disturbances. It has been
demonstrated that browsing by herbivores reduces woody seedling survival substantially in savanna
ecosystems [19]. In the neighbouring Kruger National Park and bordering areas, South Africa, there is
growing evidence that many plant species resprout from the base after fire or when elephants push
trees over [20-22]. Similarly, resprouting has been reported in human-dominated savanna woodlands
where trees of various sizes are cut down for various uses [23-25].
Several other studies of savanna ecosystems have reported that fire and elephants influence savanna
woodland structure and composition. For example, earlier studies in GNP have shown that fire and
elephants are major drivers of woodland changes [3,26,27]. The population density of elephants is
gradually increasing in GNP [28], and the population increase may result in woodland destruction.
We observed that past droughts have contributed mostly to the death of A. johnsonii trees as
opposed to other tree species in GNP. Droughts have been suggested as also influencing tree loss and
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habitat changes in GNP [5]. Further, Tafangenyasha [6] concluded that fire and elephant damage
were powerful factors leading to loss of woodlands like B. glaucescens woodland in GNP. Elsewhere,
earlier studies by Ben-Shahar [12], Guy [29] and Heinl [30] also attest to fire and elephants being
major ecosystem engineers in the savanna ecosystem. Fire and herbivory are the key determinants of
the savanna ecosystems [31]. The synergistic relationship between fire and herbivory is the main
cause of spatial heterogeneity of habitats and ecosystems [32].
The destructive behaviour by elephants increases tree mortality and may result in conversion of
woodland to grassland [33]. For example, in GNP some A. johnsonii woodlands are degraded as a
result of elephant browsing (Fig. 5). Pruning by large herbivores strongly influences sapling
morphology and recruitment to adult size [34]. Recruitment is controlled by rainfall, which limits
seedling establishment, and fire, which prevents recruitment into adult-size classes [35]. In addition,
browsing herbivores can indirectly decrease seedling establishment by drastically reducing tree
reproductive output [36]. However, it has been suggested that in some cases large mammals may
indirectly increase seedling survival of some tree species and accelerate, rather than inhibit, tree
recruitment [37]. Additionally, savanna woody plants have evolved with disturbances such as fire and
herbivory and hence have traits to resist or tolerate both these disturbances [38].

Fig. 5. Images of elephant damaged Androstachys johnsonii trees (left) and elephants (right) in
Gonarezhou National Park (GNP), southeast Zimbabwe. Photos: P. Zisadza-Gandiwa

The present study shows that species diversity was higher in areas with high disturbance such as
areas with high fire frequencies and elephant densities [3,28]. These results are in line with earlier
studies in the Southern African savanna ecosystem [39-43]. High species composition in areas of high
disturbance can be attributed to the fact that frequent fires destroy trees and create gaps that serve
as niches for invasion by other species. This is supported by the theory of invasibility, which states
that whenever there are unutilized resources in an ecosystem following disturbance, that ecosystem
becomes susceptible to invasion [44]. A reduction in species diversity in less frequently disturbed
areas can be attributed to competition for resources and dominance by a single species. For example,
A. johnsonii species are characterized by forming dense thickets that dominate other species.

Implications for conservation
Management
This study has shown that A. johnsonii woodland in GNP is being transformed into low-density and
shorter woodland. Overall, the significant structural differences in A. johnsonii woodland can be
attributed to herbivory, droughts and fires, whereas the significant variation in composition of A.
johnsonii woodland in different study plots can be attributed to differences in underlying geology
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(edaphic) and biotic factors. Structural changes in savannas have consequences for management
because of their effects on herbage quantity, composition and nutrient dynamics [45]. Therefore, we
suggest the following: first, long-term monitoring in woodland composition and structure is
necessary in order to determine possible changes over time and appropriate management practices,
which include the maintenance of biodiversity and ecosystem rehabilitation. Knowledge of the state
and dynamics of the woodlands is required to achieve a sustainable use of these resources [46].
Hence, woodland composition and structure are some of the elements that should be addressed
through establishing long-term monitoring plots in GNP. Second, there is need for further studies on
A. johnsonii woodland in GNP. Future studies in GNP should focus on generating detailed information
on the regeneration, resprouting and response of A. johnsonii to various forms of disturbance.
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