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Abstract: The objective of this study was to determine the effects of land use on the woody
vegetation composition and structure between the area within the Chinhoyi University of
Technology (CUT) campus and the adjacent (or surrounding) area, Chinhoyi, Zimbabwe. Woody
vegetation was sampled in November 2014 using a total of 20 plots (10 in each stratum)
delineated using a stratified sampling method. Woody vegetation species, height, basal
circumference, density, evidence of tree cutting and fire damage were assessed inside all the
plots. A total of 22 woody plant species (nine families) were recorded in the study area, i.e.,
within the CUT campus (18) and adjacent area (15) with a Jaccard Index of similarity of 43%
between the two strata. Overall, 301 individuals were recorded in both strata, i.e., 57% trees,
22% shrubs and 21% seedlings. The protected area within the CUT campus had significantly (P
< 0.05) higher tree density and tree basal area than the surrounding open vegetation whereas
the surrounding open vegetation had significantly (P < 0.05) higher shrub and seedling
densities than the protected area within the CUT campus. In contrast, no significant differences
(all, P > 0.05) between the strata were recorded for tree height, shrub height, shrub basal area,
species diversity and densities of tree cutting and fire damaged plants. Recorded structural
differences were attributed to human influences and differing management systems across the
land use systems. The findings highlight the importance of public greenery in urban landscapes
(e.g., university campuses) for ex situ conservation of indigenous flora.
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Introduction
Conservation of biodiversity has been identified
as one of the key aspects of sustainable land use
practices both in rural and urban environments
(Jabareen 2006; McKinney 2002). Land uses in
urban areas are particularly diverse and intensive
as they consist of a mosaic of small, fragmented
land use types (Breuste 2002) such as public parks,
university campuses and others, which house
indigenous flora. The different purposes of urban
land use types accommodate basic human needs for
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facilities in the residential, industrial and commercial, administration, education and other social
institutions and recreation. These distinctions
potentially contribute to different woody vegetation
composition and structure across the urban
landscape settings (Bourne & Conway 2014; Porter
et al. 2001) and thus play an important role in
conserving indigenous flora.
Human land use has been identified as a
significant determinant of savanna vegetation
composition and structure though considered
secondary to climatic and edaphic factors. According
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to Sankaran et al. (2008), trends in most places in
the savannas point to the fact that savanna vegetation composition and structure are maintained in
their current form by human and biophysical
drivers. Human activities affect vegetation composition and structure directly, as woodcutters and
cultivators, and indirectly through their ability to
manipulate fire and to influence herbivore numbers
and distribution (Cilliers 1999; Frost et al. 1986;
Gairola et al. 2015; Gandiwa 2014; Murthy et al.
2016; Nyelele et al. 2014). Land use can affect
management practices and thus strongly influencing the vegetation composition and structure in
savanna ecosystems (Higgins et al. 1999; Sultana et
al. 2014; Wessels et al. 2011). It is generally
predicted that human impact in non-protected
areas has resulted in a decrease in biodiversity
relative to protected areas (Shackleton 1993, 2000).
Vegetation species diversity generally decreases
with increasing land use intensity (Von Arx et al.
2002).
In this era of increasing urbanisation,
especially in developing countries, urban landscapes, for example, public parks, university
campuses and others, can house endangered
indigenous flora, hence, such urban landscapes are
important in the ex situ conservation of indigenous
flora in public greenery (El-Juhany & Al-Harby
2013; Rajendran et al. 2014). For example, an
earlier study at Gujarat University campus,
Ahmedabad, India, highlighted a multi-stakeholder approach which includes the involvement of
the university community, the local resident
community and urban planners in various activities relating to environmental awareness and
protection of biodiversity (Modi & Dudani 2013).
Here, we aim to expand our knowledge on the role
of university campuses’ contribution to woody
vegetation conservation in an African urban
landscape setting. The objective of the present
study was, thus, to determine the effects of land
use on woody vegetation composition and structure
between the area within a university campus and
the adjacent (or surrounding) area using a case
study of Chinhoyi University of Technology
(hereafter CUT), Zimbabwe.

Materials and Methods
Study area
The study was conducted at CUT main campus
and its adjacent area within the town of Chinhoyi
environs (17°21'S, 30°12'E) in Mashonaland West
province, northern Zimbabwe (Fig. 1). Chinhoyi

town has an average elevation of 1,158 m above
sea level. The town has an average annual
temperature of 25 °C, with October and November
having a mean monthly maximum temperature of
30 °C and July having a mean monthly minimum
of 19 °C (Bere et al. 2014). Average annual rainfall
for Chinhoyi town is approximately 802 mm
(Meteorological Services Department, unpublished
data). The study area is characterised by miombo
vegetation dominated by Brachystegia species,
Julbernardia globiflora and Vachellia species, and
with soils being predominantly sandy loam. The
CUT main campus boundaries are clearly
demarked by a wire fence. CUT was established by
an Act of Parliament of Zimbabwe in December
2001. Previously, the CUT main campus was
under Chinhoyi Technical Teachers’ College that
was founded in 1991. As of 2012, Chinhoyi town
had a human population estimate of 79,000
(Zimbabwe National Statistics Agency 2013).

Sampling design
A stratified random sampling design was used
with the study area divided into two, i.e., the area
within the CUT main campus (protected area) and
adjacent open area to the CUT campus (within 5
km zone of the university boundary). The CUT
main campus was sub-divided into five areas, i.e.,
administration area, sports grounds, hostels, new
engineering section and the CUT hotel area. In
each sub-division, two plots were systematically
placed. The location of the first plot in each
sampling area was randomly determined using a
grid-intercept method with numbers corresponding
to the grids. Within the CUT campus, a distance of
at least 30 m between the two plots was
maintained. The plots in the adjacent area of the
CUT campus were randomly placed within the 5
km sampling zone of the university boundary.
Overall, a total of 20 plots measuring 20 × 30 m
(0.06 ha) were sampled with each stratum having
10 plots (Fig. 1). Plot size was determined
following Walkers’ (1976) method taking into
consideration at least 15 to 20 woody plants in a
plot. The plots were marked using a 100 m
measuring tape and metal pegs, and all sampled
plots locations recorded using a hand held Garmin
Geographic Positioning System (GPS) 60 receiver
unit (Garmin Ltd., Olathe, Kansas, USA).

Data collection
Woody vegetation composition and structure
were assessed in November 2014. Inside the plots,
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Fig. 1. Location of Chinhoyi University of Technology (CUT) and the spatial layout of plots within the CUT
main campus and adjacent area in Chinhoyi, northern Zimbabwe.

woody vegetation was measured using nondestructive measures. The following vegetation
attributes were recorded on data sheets in each
plot: (i) species name through using a field guide
(Coates-Pelgrave 1997); (ii) stage class-trees, i.e.
woody plants ≥3 m in height; shrubs, i.e., woody
plants 1.5 m to <3 m in height whereas those <1.5
m as seedlings (Gandiwa & Kativu 2009; Zida et
al. 2008). Woody plant height was measured using
a 6 m calibrated pole. (iii) Basal circumference was
measured at 30 cm height above the ground

(Mueller-Dombois & Ellenberg 1974). (iv) Evidence
of tree cutting was assessed based on existing
stumps and cut branches, and (v) evidence of fire
damage through visual assessment of burnt marks
on the woody plants’ bark, stumps and charred
plant remains inside the plots (Gandiwa & Kativu
2009).

Data analysis
The Shannon-Weiner diversity index (Shannon
& Weaver 1949) was used to determine the diffe-
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Table 1. List of woody plants recorded within the Chinhoyi University of Technology (CUT) main campus and
adjacent area. Note: X represents the species recorded in each stratum.
Species

Family

Within CUT campus

Adjacent area to CUT campus

Azanza garckeana

Malvaceae

Bauhinia petersiana
Bauhinia thonningii

Fabaceae
Fabaceae

X
X

X
X

Brachystegia boehmii
Brachystegia utilis

Fabaceae
Fabaceae

X
X

X

Burkea africana
Clerodendrum myricoides

Fabaceae
Lamiaceae

X
X

Combretum adegonium
Combretum collinum

Combretaceae
Combretaceae

X
X

Dichrostachys cinerea
Diospyros lycioides

Fabaceae
Ebenaceae

X
X

Euclea natalensis
Ficus sycomorus

Ebenaceae
Moraceae

X

Julbernardia globiflora
Lantana camara

Fabaceae
Verbenaceae

X
X

Melia azedarach
Peltophorum africanum

Meliaceae
Fabaceae

X
X

Senegalia burkei
Senegalia polyacantha

Fabaceae
Fabaceae

X
X

X

Vachellia karroo
Vachellia sieberiana

Fabaceae
Fabaceae

X

X
X

Ziziphus mucronata

Rhamnaceae

X

X

rences in species composition in the study sites. The
Jaccard index of community similarity (Ludwig &
Reynolds 1988) was used to compare similarity of
the two study strata based on common woody
vegetation species. Mean plant heights were
calculated for each plot by summing the individual
plant heights and dividing them by the total
number of plants in the plot. Basal area for each
woody plant was calculated from the stem
circumference data following Gandiwa and Kativu
(2009). All individual plant basal areas were then
summed to give the total basal area for each plot.
Woody plant densities for each plot were converted
into per hectare quantities. Data were tested for
normality using the Shapiro-Wilk test, and since
the data were not normal, the Mann-Whitney Utest was thus used for testing for differences across
the two study strata using STATISTICA version 7
for Windows (StatSoft Inc., Tulsa, OK, USA). A
principal component analysis (PCA) was performed
to determine the association of sample plots from
the two study strata based on the woody
composition and structure data (ter Braak 1995).

X

X

X
X
X

Results
Vegetation composition and structure
A total of 301 individuals, comprised of 22
woody plant species (nine 9 families), were recorded
in both strata with 57% of total woody plants being
trees, 22% shrubs and 21% seedlings. The within
the CUT campus stratum had 18 woody species
whereas the adjacent area to the CUT campus
stratum had 15 species (Table 1). The Jaccard index
of similarity showed a 43% similarity between the
two study strata with nine common species, namely,
Bauhinia
petersiana,
Bauhinia
thonningii,
Brachystegia boehmii, Clerodendrum myricoides,
Julbernardia
globiflora,
Lantana
camara,
Senegalia polyacantha, Vachellia sieberiana and
Ziziphus mucronata.
The protected area within the CUT campus
had significantly higher tree density (MannWhitney U = 4.00, P < 0.05, two-tailed) and tree
basal area (Mann-Whitney U = 18.00, P < 0.05)
than the surrounding open vegetation whereas
the surrounding open vegetation had significantly
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Table 2. Comparison of measured woody vegetation variables within Chinhoyi University of Technology (CUT)
main campus and adjacent area. Note: Data are expressed as the median and range; P-values are from MannWhitney U test (two-tailed).
CUT campus
Variable

Median

Tree height (m)
Tree density (ha–1)
Tree basal area

(m2

ha–1)

Shrub height (m)
Shrub basal area

(m2

ha–1)

Shrub density (ha–1)
Seedling density

(ha–1)

Shannon-Weiner diversity index (H’)
Tree stump density

(ha–1)

Fire damaged plants (ha–1)

Range

Adjacent area
Median

Range

P-value
0.143

5.47

2.69

3.35

8.29

145.83

244.44

29.17

116.67

0.0001

3.43

10.53

0.31

12.83

0.015

2.15

2.70

1.73

2.43

0.315

0.22

0.33

0.09

0.24

0.247

16.67

50.00

38.89

66.67

0.035

16.67

33.33

30.56

75.00

0.035

0.66

1.67

1.12

1.47

0.315

0.00

0.00

0.00

133.33

0.280

0.00

83.33

25.00

100.00

0.247

higher shrub density (Mann-Whitney U = 22.00, P
< 0.05) and seedling density (Mann-Whitney U =
22.50, P < 0.05; Table 2) than the protected area
within the CUT campus. In contrast, no significant
differences (all, P > 0.05) were recorded on tree
height, shrub height, shrub basal area, seedling
density, species diversity, densities of tree stumps
and fire damaged plants between the two study
strata.

Spatial pattern of vegetation composition and
structure
Principal components 1 and 2 explained 57% of
variation in the vegetation matrix from the 20
sample plots in both study strata (Fig. 2). Principal
component 1 (eigenvalue  3.72) defined a gradient
from sites with taller trees, higher tree basal area
and tree density to sites with higher seedling
density. Principal component 2 (eigenvalue  2.55)
defined a gradient from sites with higher plant
species diversity to sites with higher shrub
densities. There were three groupings of sample
plots, with the sample plots from within the CUT
campus largely characterised by taller trees, higher
tree densities and basal areas whereas those from
the adjacent area to the CUT campus being largely
characterised by higher species diversity and shrub
densities. Tree cutting (stumps) and fire-damaged
plants were more common in the adjacent area to
the CUT campus. However, there were some minor
similarities between sample plots in both strata as
shown by sample plots that clustered outside the
two main groups consisting, i.e., those drawn from
within the CUT campus (represented by C): C3, C4,

and those drawn from the
(represented by A): A17 and A18.

adjacent

area

Discussion
The present study aimed at determining the
effects of land use on woody vegetation
composition and structure between the area within
the CUT campus and the adjacent area in an
urban landscape setting in Zimbabwe. Our results
showed that the protected area within the
university campus had significantly higher tree
density and tree basal area than the surrounding
open vegetation whereas the surrounding open
vegetation had significantly higher shrub and
seedling densities than the protected area within
the university campus. In contrast, no significant
differences were recorded in the woody vegetation
composition between the two study strata. Thus,
our results, as also supported by the principal
component analyses, showed some differences and
similarities between the two study strata.
The structural differences in woody vegetation
between the two strata can be attributed to the
influence of human disturbances (Fig. S1) since
the study sites occurred in the same geographical
setting. Woody communities characterised by
harvesting and/or disturbances are usually
associated with changes in community structure
(Higgins et al. 1999; Mohandass et al. 2016;
Wessels et al. 2011; Zisadza-Gandiwa et al. 2013).
Our results corroborate with earlier studies in the
savanna ecosystem which have reported a
reduction in woody plant density and basal area
associated with an increase in shrub and seedling
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Fig. 2. Principal component analysis biplot showing association of 20 sample plots based on woody vegetation
data drawn from within the Chinhoyi University of Technology (CUT) campus (represented by C) and adjacent
area (represented by A) strata. Circles represent sample plots and arrows represent the gradients. The biplot
shows two groups of major associations for sample plots drawn from within the CUT campus and those drawn
from the adjacent area.

density in harvested (mostly non-protected) areas
relative to unharvested (mostly protected) areas
(Banda et al. 2006; McGregor 1994; Muboko et al.
2014). Some woody plant species are sensitive to
intensive harvesting and decline in abundance
while other species respond through coppice
regrowth and this significantly influences the
woodland structure (Syampungani et al. 2016;
Wessels et al. 2011).
Despite the need for firewood, woodland
degradation in urban environments is also caused
by expansion of peri-urban farming, urbanisation
and infrastructural development, and indirectly by
overpopulation and poverty (Elmqvist et al. 2015;
Maconachie 2012; Soga et al. 2014). Given that
Chinhoyi town has a population of about 79,000
(Zimbabwe National Statistics Agency 2013) and
also experience the challenges of energy provision,
especially electricity, and increasing demand for

food security, many local people utilise the open
spaces for small-scale farming activities and also
harvesting of woody plants for wood fuel. Increasing
poverty and population density in urban areas
especially in developing countries have been
attributed to woodland losses as people engage in
illegal wood harvesting and also small-scale
farming (Chakravarty et al. 2012). Illegal wood
harvesting can severely degrade woodlands (Putz et
al. 2001). Several recent studies have reported the
degradation of woodlands in urban areas in
Zimbabwe as a result of illegal tree cutting primarily for wood fuel due to the electricity shortages, for
example, in Bulawayo (Dube et al. 2014), Harare
(Muboko et al. 2014) and Masvingo (Mapira &
Munthali 2011).
Differences in land use system between the two
study sites could have played an important role in
the recorded differences in woody vegetation
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structure. The CUT campus is characterised by an
active law enforcement system whereas the
adjacent area to the CUT campus can to a larger
extent be described as a ‘semi-open access area’ due
to the limited law enforcement on land use and
resource extraction. Small-scale farmers in periurban areas often lack title deeds (property rights)
or legal entitlements to the land they use (Deacon
1999), and due to insecurity, land and associated
natural resources tend to suffer challenges
reminiscent of the ‘tragedy of the commons’ (Hardin
1968). Accordingly, Chomitz et al. (2007) suggests
that poorly defined property rights are generally
bad for people and woodlands, as this indirectly
causes loss of biodiversity.
Both study sites (strata) showed some evidence
of fire impact on woody plants as evidenced by the
recorded fire damaged plants although there were
no significant differences between the two study
strata. CUT management uses fire as a management tool to control grass and undergrowth
whereas in the adjacent area to the CUT campus,
fires are mainly for clearing areas for agricultural
activities by those utilising these areas for crop
production. Savanna trees are susceptible to fire
when they are young but as they grow larger some
species become resistant to fire, a mechanism
called “size escape” (Bond & Midgley 2001;
Wakeling et al. 2011). However, if properly
manipulated, fire can be useful for woodland
management (Brockett et al. 2001; Gandiwa 2011).
Non-significant variation in species diversity
was recorded in this study despite some changes in
the woodland structure between the study sites.
This may suggest that at small-scale woody
vegetation diversity is more similar due to the
closeness of the study sites. Tobler’s First Law of
Geography states that everything is related to
everything else but near things are more related
than distant things (Tobler 2004). It is also likely
that there exist a non-selective harvesting of tree
species in the study area hence the lack of
significant difference in woody vegetation diversity
since pressure on limited woody resources can also
lead to indiscriminate cutting of even undesirable
species (Mapira & Munthali 2011). Moreover, local
people engaged in agricultural activities seem not
to completely remove woody plants from the land
but allow some plants to grow, hence promoting
the existence of woody species. However, of
particular note, is the presence of an invasive alien
species, Lantana camara, recorded in this study
which may have detrimental effect on the
ecosystem in the long-term.
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Conclusion
This study represents the first record of the
current composition and structure of woody
vegetation at CUT main campus and the adjacent
area. The study highlights the importance of urban
landscapes, such as university campuses, in
conserving indigenous flora, particularly woody
vegetation structure, given that the protected area
within the university campus was characterised by
less degraded woody vegetation structure compared
to the surrounding areas. We thus recommend for
the review and effective enforcement of existing
policy and regulatory instruments to ensure the
protection of indigenous flora in areas adjacent to
the CUT campus. Moreover, it is essential to
develop indigenous flora management plans and
monitoring programmes for urban landscapes, e.g.,
university campuses and public greenery, so as to
promote the conservation of especially endangered
indigenous flora. Future studies should examine the
intensity of woody vegetation extraction and human
land-use practices in urban environments and how
these relates to the intermediate disturbance
hypothesis (Connell 1978) and invasive alien
species dynamics in the study area and other
similar settings.
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Fig. S1. Woody vegetation in the adjacent area to the Chinhoyi University of Technology (CUT) campus
stratum showing crop farming and brick molding activities (a-c) and woody vegetation in an area recently burnt
by a prescribed fire (d), November 2014. Photo credits: G. Muchayi.

