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Abstract

Understanding the patterns and intensity of anthropogenic
impacts on habitats is important in the conservation of
tropical ecosystems. The aim of the study was to establish
the associated edge effects of anthropogenic disturbances
on vegetation in western Umfurudzi Park, Zimbabwe.
Three study strata were established using distance from
the boundary into the park. Vegetation attributes and
anthropogenic disturbance levels data were collected in
2012. Significant differences (P < 0.05) were noted on tree
and shrub density, woody plant height, woody plant
diversity, grass height and grass sward width across the
three strata. Land clearing, livestock grazing and firewood
collection were the most frequent and pronounced distur-
bances occurring along the park boundary. These distur-
bances decreased in intensity as distance from the
boundary increased. We recommend the following: (i)
the need to revisit the buffer zone concept and policy
measures associated with ecosystem services and goods
provision for communities surrounding protected areas, (ii)
engaging neighbouring communities on sustainable ways
of deriving ecosystem goods and services from buffer zones
and protected areas and (iii) further studies on the
regeneration and recovery of cleared patches along the
boundary and their use by wildlife species in the park.

Key words: buffer zone, ecosystem services, Intermediate
disturbance hypothesis, protected area management,

savannah

Résumé

Bien comprendre le schéma et l'intensité des impacts
anthropogéniques sur les habitats est important pour la
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conservation des écosystemes tropicaux. Le but de cette
étude était de définir les effets de lisiere associés aux
perturbations d’origine humaine sur la végétation de
I'ouest du Parc Umfurudzi, au Zimbabwe. Trois strates
furent établies en fonction de la distance par rapport a la
limite du parc. Des données ont été collectées en 2012 sur
les qualités de la végétation et sur le niveau des pertur-
bations anthropogéniques. Nous avons noté entre les trois
strates des différences significatives (P < 0.05) dans la
densité des arbres et arbustes, la hauteur des plantes
ligneuses, leur diversité, la hauteur des herbes, la largeur
des bandes herbeuses. Le défrichage, le paturage du bétail
et la collecte de bois de feu étaient les perturbations les plus
fréquentes et les plus marquées le long de la limite du parc.
Ces perturbations diminuaient d’'intensité lorsqu’on s’éloi-
gnait de la limite du parc. Nous recommandons ce qui
suit : (i) revoir le concept de zone-tampon et les mesures de
protection liées aux services écosystémiques et a la
fourniture de biens pour les communautés qui entourent
les aires protégées, (ii) impliquer les communautés voisines
dans des fagons durables de prélever des biens et des
services dans les zones-tampons et les aires protégées et (iii)
faire de nouvelles études sur la régénération et le rétablis-
sement des parties défrichées le long de la limite et sur leur
fréquentation par des especes sauvages dans le parc.

Introduction

There is an emergent realization that the existence of
extractive reserves is increasingly becoming important for
conserving biodiversity through ecotourism, nontimber
forest products and maintenance of ecosystem services (De-
Groot et al., 2010; Chambers, Simmons & Wackernagel,
2014; Palomo et al., 2014). Humans are generally phys-
ically inseparable from natural systems due to the heavy
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reliance of local people on natural resources for their
subsistence living in tropical areas (Singh & Sharma,
2009). Research has indicated that these areas often
coincide with dense human settlements with adverse
impacts on the vegetation and ecosystem functioning
(Banda, Schwartz & Caro, 2006; Muboko et al., 2014).
However, anthropogenic disturbances if left unchecked
reduce the capacity of ecosystems to provide goods and
services to the reliant human communities (Burkhard
et al., 2012). If self-sustaining human environmental
systems and a sustainable utilization of natural capital
are to be achieved, the supply of multiple goods and
services by nature should match the demands of the
society (Schneiders et al., 2012; Jax et al., 2013). Rural
communities surrounding protected areas often depend on
forest resources for their livelihoods. Resource utilization
by local communities includes physical processes such as
tree felling and biological components such as biomass
extraction, species selection and new species introduction
(Fischer, Marshall & Camp, 2013). However, threats
emanating from utilization of ecosystems are mostly
minimized through several approaches, for example policy
instruments, incentives and penalties, and law enforce-
ment (Gandiwa, 2013).

Anthropogenic disturbances profoundly alter vegetation
structure and diversity (Mligo, 2011; Muboko et al.,
2014). Accordingly, the frequency and intensity of distur-
bances in an area will influence the vegetation structure
and diversity of such ecosystems (Banda, Schwartz & Caro,
2006). However, anthropogenic disturbances may influ-
ence species diversity as promulgated by the intermediate
disturbance hypothesis (IDH) (Connell, 1978). The IDH
assumes species diversity would be higher in areas with
intermediate disturbances whilst excessive and very little
disturbances result in low diversity (Rawal, Gairola &
Dhar, 2012). Within this context, species diversity is
regulated by disturbance regime and the resultant
successional tendency of the ecosystem (Zhang, Chen &
Taylor, 2014). There has been a realization that anthro-
pogenic disturbances and resultant edge effects in most
protected areas are seldom quantified or assessed and is a
critical challenge in conservation (Balme, Slotow &
Hunter, 2010). However, proper management of such
areas depends on knowledge of ecological processes and
variation in species composition and diversity along
anthropogenic disturbance gradients (Nesheim, Halvor-
sen & Nordal, 2010). Nonetheless, monitoring programs
towards understanding the relationships between distur-

bance and vegetation patterns, species diversity and
population dynamics in plant communities are least
developed in most protected areas (Rawal, Gairola &
Dhar, 2012).

In this study, we focus on Umfurudzi Park, a protected
area in Zimbabwe under ecological restoration through a
public—private partnership between Zimbabwe Parks and
Wildlife Management Authority and Pioneer Corporation
Africa (Muposhi et al., 2014a). Umfurudzi Park has been
subjected to resource exploitation by resettled communities
in the western side for firewood, poles, fruits and other
nontimber forest products (NTFP) such as insects, for
example silkmoth (Anaphe panda), pallid emperor moth
(Cirina forda), caterpillars (Gonimbrasia belina) and tradi-
tional medicine extraction among others (Mukwada,
2008). Here, we explore the influence of anthropogenic
impacts on the vegetation structure and diversity in
western section of Umfurudzi Park. Understanding the
patterns and intensity of anthropogenic impacts is impor-
tant in the development of management plans for protec-
tion or possible revival of such important systems
(Shrestha et al., 2013). Accordingly, the objectives of this
study were to (i) determine vegetation diversity and
structure in relation to distance from the park boundary
into the park and (ii) establish the levels of anthropogenic
disturbance from the park boundary into the park at
different distance gradients in western section of Umfu-
rudzi Park, Zimbabwe.

Materials and methods

Study area

Umfurudzi Park is located in Mashonaland Central
province of Zimbabwe. It has a surface area of 760 km?
and lies between 17°15’ and 16°50’ south and 31°40’ and
32°00/ north with varying altitude from 740 to 1020 m.
Several wildlife species, for example buffalo (Syncerus
caffer), African elephant (Loxodonta africana), wildebeest
(Connochaetes taurinus) and zebra (Equus quagga) have been
reintroduced into the park. Dominant grass species in the
park include the following: Eragrostis racemosa, Loudetia
simplex and Panicum maximum whereas Brachystegia
boehmii, Julbernardia globiflora, Combretum spp. and
Colophospermum mopane are some of the dominant woody
species. The average rainfall received per annum is
650 mm whereas the temperatures range from 8°C in
winter to 41°C in summer (Muposhi et al., 2014a). This
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study was conducted in the western section of Umfurudzi
Park (Fig. 1).

Study design and sampling procedure

Data collection was conducted between March and May in
2012. A stratified random sampling as modified from
Zisadza-Gandiwa et al. (2013b) was used in this study. The
study area was divided into three strata on the basis of
distance from the park boundary at 1.5 km interval
between strata;that is boundary strata (within 1 km of
park boundary), middle strata (2.5 km from park bound-
ary) and inner strata (4.5 km from park boundary). Five
line transects were established systematically at 2.5 km
interval in each stratum perpendicular to the park
boundary, thus covering about 10.15 km of the western
section of Umfurudzi Park boundary where most of the
human settlements are located. Along each transect, five-
belttransects measuring 300 x 30 m were randomly
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placed in each strata to assess level of anthropogenic
disturbances (see Fig. 1).

Vegetation assessment

To assess woody vegetation and grasses, a series of nested
quadrates were established in each belt transect as follows:
(i) a plot of 30 x 20 m in size was randomly established in
each belt transect for tree species, (total of 15 sampling
plots), (i) 5 x 2 m quadrat nested in the tree plot for
shrubs species and (iii) 1 x 1 m quadrats nested in the
5 x 2 m quadrats, two in each for saplings and grasses
species assessment as adopted and modified from Mligo
et al. (2009). Following the approaches outline by
Gandiwa & Kativa (2009), the following vegetation
attributes were assessed in each plot or quadrat: woody
plant height, stem circumference, canopy dimensions
(short and long diameter at 90°) and grass sward width.
Woody species of 3 m and above were classified as trees
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Fig 1 Map showing location of Umfurudzi Park and the three study strata established in the western boundary of the park. Notes:
Boundary strata (within 1 km of park boundary), middle strata (2.5 km from park boundary) and inner strata (4.5 km from park

boundary)
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whereas those < 3 m were considered as shrubs (Wit-
kowski & O’Connor, 1996). Only the woody plants rooted
within sample plots were identified and assessed (Gandiwa
et al., 2014). We used Coates-Pelgrave (1997) and Frits
(2012) field vegetation identification guides for woody and
grass species, respectively.

Anthropogenic disturbance assessment

Anthropogenic disturbances emanating from utilization of
the western section of Umfurudzi Park by local commu-
nities along the boundary were assessed. The following
aspects were assessed: fire, fuel wood collection and pole
harvesting, livestock grazing, ring barking for making bee
hives and tree logging for tobacco curing. The anthro-
pogenic disturbances were qualitatively assessed in each
300 x 30 m belt transect following methods adapted from
Mligo, Lyaruu & Ndangalasi (2011) using a six-point scale
(0-5) to represent the percentage of the belt transect
disturbed as follows: O = no disturbance; 1 = 0-20% of
the quadrat disturbed; 2 = 21-40% of the quadrat dis-
turbed; 3 = 41-60% of the quadrat disturbed; 4 = 61—
80% of the quadrat disturbed; and 5 = 81-100% of the
quadrat disturbed.

Data analysis

Collected data on woody vegetation (basal area and
density) were summarized as described by Gandiwa &
Kativu (2009):
Basal area = (c?/4n), where C is the stem circumfer-
ence.

Density (y/ha) = [(x x 10 000 m?)/(plot area m?)],

where y denotes any of the trees or shrubs and x is the
recorded number of trees and shrubs.

Canopy cover = (D1 + D2)/2, where D1 and D2 are the
canopy dimensions at 90°.

Relative density (%), relative dominance and important
value index of each species were computed following the
formulae after Brashears, Fajvan & Schuler (2004):

RD (%) = (n/N) x 100, where, RD is the relative
density of the species; n; is the number of individuals of
species i and N is the total number of all individual
trees.

RDo (%) = (¥Ba; x 100)/(ZBay, where, RDo is the
relative dominance of the species; Ba; is the basal area
of all individual trees belonging to a particular species i;
Ba, is the basal area of the stand.

IVI = (RD x RDo)/2, where, IVI is the Important Value
Index, RD is the relative density and RDo is the relative
dominance.

Woody vegetation and grass species diversity were
established using the Shannon-Weiner diversity index
(H') (Ludwig & Reynolds, 1988). Vegetation data were
tested for normality and homogeneity of variance using
Kolmogorov—Smirnov test and Levene’s test for homo-
geneity of variance, respectively. All vegetation data were
found to be conforming to the normality assumptions. A
one-way analysis of variance (ANOVA) was computed to
test whether there were any differences in the vegetation
attributes across the three study strata at 5% level of
significance. Were significant differences were noted
(P < 0.05),
(HSD) was computed. To assess the differences in the level

Tukey's Honestly Significant Differences
of disturbances across strata, we used Kruskal-Wallis (Chi-
square) test using SPSS Version 20 for windows (SPSS Inc,
Chicago, USA).

To determine the association of study plots across the
strata based on the vegetation attributes, a multivariate
analysis using an ordination technique was carried out.
We performed a linear method ordination technique,
principal component analysis (PCA) using CANOCO Ver-
sion 5.0 software for windows (Ter Braak & Smilauer,
2002). Principal Component Analysis was used because
the data were compositional and had a gradient length of
2.4 SD units and is the recommended technique under
such circumstances (Ter Braak & Smilauer, 2002). We
further performed a hierarchical cluster analysis (HCA)
using weighted average linkage using a matrix of 15
sampling plots and woody species abundance data to
classify sampling plots on the basis of their species
diversity.

Results

Vegetation structure and diversity

A total of 661 individual woody plants were assessed, 48%
of these were trees, 48% shrubs and 4% were saplings. We
recorded 36 woody plant species and 17 grass species in
the three study strata. Although most vegetation struc-
tural and diversity attributes were different (P < 0.05)
across the three study strata, there were no significant
differences in tree basal area (F (2, 12) = 1.38, P = 0.289)
and grass species diversity (F 5, 12) = 2.89, P = 0.095,
Table 1).

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol.
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Table 1 Vegetation species attributes for 15 sample plots (mean + SD) across the study strata in western Umfurudzi Park and significant
levels from ANOVA with equal sample size tests

Strata
Variable Boundary Middle Inner Fi2 12) P value
Woody plant height (m) 1.84 + 2.66% 5.40 + 0.94° 5.17 + 0.45° 7.31 0.008
Tree basal area (m*/ha™!) 0.12 + 0.14" 0.33 £ 0.17¢ 0.18 + 0.01* 1.38 0.289
Tree canopy cover (m”/ha™') 2.32 4 2.34% 8.68 + 1.34° 8.35 + 1.16° 8.01 0.006
Tree density (trees ha ') 77.78.67 + 58.84" 883.33 + 368.20° 794.44 + 215.70° 14.11 0.001
Tree species diversity (H') 0.41 + 0.91° 2.00 + 0.38° 1.66 + 0.35° 9.72 0.003
Shrub density (shrubs ha™') 961.12 + 244.55% 327.78 + 106.33° 461.12 + 104.48° 7.34 0.008
Shrub diversity (H’) 2.27 + 0.33° 1.64 + 0.34° 1.72 + 0.28° 5.90 0.016
Stump density (stumps ha ') 473.00 + 216.52% 54.33 + 19.81° 20.67 £ 13.17° 19.92 0.000
Grass species height (m) 0.76 + 0.24" 0.50 £+ 0.07° 0.52 + 0.09" 4.53 0.034
Grass species diversity (H') 0.96 + 0.33° 0.88 + 0.13% 0.87 + 0.09% 2.89 0.095
Grass sward width (cm) 0.22 + 0.12° 0.11 £+ 0.03° 0.09 £ 0.02° 5.07 0.025

Significant values are indicated in bold; values with different superscript letters (a, b) within rows differ significantly (Tukey’s HSD;

P < 0.05).

Boundary strata (within 1 km of park boundary), middle strata (2.5 km form park boundary) and inner strata (4.5 km from park

boundary).

Significant differences were noted in grass height (F 5.
12) = 4.53, P = 0.034) and grass sward width (F 5, 12) =
5.07, P =0.025). However, Tukey's HSD post hoc tests
showed that grass height and sward width observed in
middle and core strata were not significantly different
(P > 0.05). No significant differences were noted for the
grass species diversity (F 2, 12) = 2.89, P = 0.095) and
grass density (F (3, 12) = 0.25, P = 0.951) across strata
(Table 1).

From the PCA, we present principal component 1 and 2,
explaining about 66.88% of the cumulative variation in
vegetation attributes across the three study strata. Here,
Axis 1 (eigenvalue = 0.50) defines a gradient from plots
and sites with greater tree canopy cover, tree density, that
is those in the middle and inner strata, to sites with high
grass diversity and shrub diversity, occurring along the
boundary. Axis 2 (eigenvalue = 0.17) defines a gradient
from plots and sites with low shrub canopy cover to areas
with greater grass density and diversity which were
mainly found in boundary strata (Fig. 2). There was a
clear separation of sample plots occurring along the
boundary from those in middle and inner strata. Three
broad clusters on the basis of species diversity and
abundance in the strata. Cluster one consisted of two
sample plots with high species diversity and abundance.
Cluster two had six sample plots from which one was an
outlier, belonging to the boundary strata. The third cluster

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol.
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Fig 2 Principal component analysis biplot of vegetation variables
from 15 sample plots in western section of Umfurudzi Park,
Zimbabwe. Notes: B represents boundary strata, M represents
middle strata and I represent inner strata

had 7 sample plots with low species diversity and
abundance (Fig. 3).

The most dominance and least important woody species
across the three strata using the important value index
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Fig 3 Hierarchical cluster analysis dendrogram showing classification of sample plots into three clusters based on species diversity
measures from 15 sample plots in western section of Umfurudzi Park. Notes: I denotes inner strata plots, M denotes middle strata plots, B

denotes boundary strata plots

(IVI) are shown in Table 2. Woody species composition
and the importance of each of the species varied from one
stratum to the other with some overlaps. The most
dominant species with the highest IVI for the boundary,
middle and core strata were Monotes glaber, Pterocarpus
rotundifolius and Brachystegia utilis, respectively. However,
Bauhinia petersiana, Pterocarpus angolensis and Gardenia
ternifolia were the least important species for the three
strata, respectively.

Anthropogenic disturbances

The main disturbances observed in the study strata were
livestock grazing, fire, land clearing and poles, and
firewood collection. Of these, we noted significant
differences in level of livestock grazing (;{2 =11.67, df
= 2, P=0.003), land clearing (y> = 15.00, df = 2,
P = 0.001) and firewood collection (x> = 6.96, df = 2,
P =0.030) across the three study strata. However,
multiple comparison tests showed no significant differ-
ences in the level of these disturbances between middle
and inner strata (Table 3). More so, the three strata
seemed to have experienced the same levels of fire
disturbances (3> = 0.54, df = 0.768) during the study
period.

Discussion

The results of this study show differences in tree and shrub
species diversity and canopy cover across the three study
strata. Woody species composition and importance value
index differed by strata. The levels of anthropogenic
disturbances were more pronounced within the boundary
strata compared to the middle and inner strata of the park.
The study shows a disturbance gradient from the park
boundary into the inner sections of the park.

The differences in structural and compositional attri-
butes in this study could be related to the level of
disturbances in each strata such as fire, livestock grazing,
land clearing and firewood collection as reported in other
studies (Gandiwa & Kativu, 2009; Collantes et al., 2013;
Muboko et al., 2014). Our findings are similar to those
recorded by Zisadza-Gandiwa et al. (2013a) in the north-
ern Gonarezhou National Park and adjacent areas where
structural and compositional diversity of vegetation com-
munities across different land uses differed. However, in
this study, we did not consider other factors such as
altitude (Eisenlohr et al., 2013; Lee et al., 2013), soil type
(Tessema et al., 2011; Bansal, James & Sheley, 2014;
Gandiwa et al., 2014) and geology (Smit et al., 2013).
Nonetheless, we note that the variations in soil type in
western Umfurudzi Park as influenced by the geology and

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol.
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Table 2 The dominant and least impor-

tant woody species (IV 300) recorded for Strata Species R.Do R. Freq R. De VI

the three study strata Boundary  Monotes glaber 100.00  100.00  100.00  300.00
Brachystegia boehmii 78.86 44.44 30.77  154.07

Terminalia stenostachya 5.17 22.22 15.38 42.78

Acacia nigrescens 6.35 11.11 7.69 25.15

Philenoptera violacea 3.33 11.11 7.69 22.13

Diospyros mespiliformis 2.45 11.11 7.69 21.25

Lannea discolour 2.45 11.11 7.69 21.25

Acacia karroo 0.61 11.11 7.69 19.41

Pterocarpus rotundifolius 0.42 11.11 7.69 19.23

Bauhinia petersiana 0.37 11.11 7.69 19.17

Middle Pterocarpus rotundifolius 6.15 81.82 20.45 108.42
Brachystegia boehmii 43.08 82.23 25.98 151.29

Terminalia stenostachya 18.56 59.48 16.10 94.14

Brachystegia utilis 17.37 42.86 14.63 74.86

Terminalia brachystemma 4.16 35.71 12.20 52.06

Combretum psidioides 0.44 9.09 2.27 11.81

Acacia karroo 0.26 9.09 2.27 11.63

Strychnos madagascariensis 1.26 7.74 2.54 11.53

Flacourtia indica 0.50 8.33 2.63 11.47

Pterocarpus angolensis 0.25 7.14 2.44 9.83

Inner Brachystegia utilis 76.86  183.33 44.00 304.19
Brachystegia boehmii 42.22 77.41 20.13 139.76

Combretum collinum 13.88 100.00 32.26  146.14

Terminalia stenostachya 5.27 87.5 23.33 116.10

Monotes glaber 13.00 71.4 27.78 112.20

Crossopteryx febrifuga 5.79 31.67 7.40 44.86

Bridelia cathartica 1.59 17.53 4.31 23.43
Pseudolachnostylis maprouneifolia 0.51 16.67 2.56 19.74

Combretum psidioides 0.67 10.00 3.23 13.90

Gardenia ternifolia 0.67 10.00 3.23 13.90

R. De: denotes Relative density, R. Do: Relative dominance, Re. Freq frequency and IVI:

Importance value index.

Table 3 Summary of statistical analyses from Kruskal-Wallis
(Median test) results of the study disturbance variables across the
three study strata in western section of Umfurudzi Park, Zimbabwe

Strata
Disturbance Boundary  Middle Inner P value
Grazing 5(13.00° 1 (7.3)° 0(3.5°  0.002
Fire 3 (9.6) 2 (7.5) 2 (6.9  0.604
Land clearing 5 (13)? 0 (5.5)° 0 (5.5 0.001
Firewood 4 (109  3(9.1)*°  0(40° 0.028

Values in bold indicate significant differences, and those in
brackets indicate the range. Different superscripts (a, b) in the
same row indicate significant differences (P < 0.05).

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol.

termite mounds is more distinct (Muposhi et al., 2014b).
Termite mounds induced changes in soil parameters
especially clay enrichment, and increased cation concen-
trations may induce heterogeneity in the vegetation
structure and composition (Erpenbach et al., 2013; Steen
et al., 2013). In other areas, altitude has been observed to
influence vegetation structure and diversity (Aynekulu
et al., 2012; Pokhriyal, Chauhan & Todaria, 2012; Eisen-
lohr et al., 2013). The variation in altitude in the study
area (Muposhi et al., 2014a) may be contributing to the
observed patterns in vegetation structure and composition
in western Umfurudzi Park other than the issue of
anthropogenic disturbances.
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In this study, anthropogenic disturbances have been
observed to be higher closer to the park boundary
compared to inside the park as observed elsewhere (Mligo,
Lyaruu & Ndangalasi, 2011; Zisadza-Gandiwa et al.,
2013a). We argue that the Umfurudzi Park buffer zone
of the western section has been completely fragmented due
to human encroachment. Communities surrounding
Umfurudzi Park have been previously observed to be
heavily dependent on the park for several goods and
services that may affect the vegetation structure and
composition. (Mukwada, 2008). Human encroachment
and disturbances in protected areas are common and seem
to pose a threat to biodiversity conservation in southern
Africa  (Wolmer, 2005).
National Park, over 27,000 people live in the park;

In Mozambique's Limpopo
7000 of these are meant to be resettled to areas along the
margins of the park (Lunstrum, 2008; Milgroom &
Spierenburg, 2008). Similarly, in Gonarezhou National
Park, livestock encroachment for pastures has affected up
to 20 km deep into the park with serious implications on
the vegetation and wildlife (Gandiwa et al., 2011, 2013).

Our findings show a pattern of increasing species
diversity with changing intensity of anthropogenic distur-
bances as reported by Chinuwo et al. (2010) in the buffer
zone of western Umfurudzi Park. We argue that the
patterns assumed by the vegetation diversity conform to
the classical intermediate disturbance hypothesis (IDH) of
Connell (1978). Nonetheless, a contrasting trend has been
reported in the miombo ecoregion of central Zimbabwe by
McKee (2012). Li et al. (2004) argues that the response of
vegetation to disturbance gradients may show many
patterns depending on how they are defined and modelled
rather than the simple bell-shaped curve as depicted by the
IDH. Several other ecological mechanisms may influence
the patterns of vegetation structure and composition,
resulting in several other patterns regardless of distur-
bance levels (Kiviat et al., 2010; Gandiwa et al., 2014).
Although our results conform to the IDH and aspect of
edge effects on ecosystems (Newmark, 2008; Balme,
Slotow & Hunter, 2010), we argue that disturbance
regimes are complex and responses of ecosystems are
influenced by multiple mechanisms that interact in a
dynamic way (Fox, 2013; Sheil & Burslem, 2013).

We expect the level of anthropogenic disturbances to
decline with time given the establishment of a game fence
along the Umfurudzi Park boundary in (Muposhi et al.,
2014a). The fence is a wildlife veterinary legal requirement
in Zimbabwe especially when introducing buffalo (Taylor &

Martin, 1987). However, fencing in itself should not be
considered as a panacea to the human encroachment
protected areas as these issues are highly contested in
communal areas adjacent to protected areas (Muboko &
Murindagomo, 2014). There is need to understand how the
socio-economic transitions influence vegetation change and
the existing relationships in human-impacted ecosystems
(Twine, 2005). Ensuring that communities have access to
the ecosystem goods and services should therefore be the
concern of conservation agents to balance the trade-offs of
conservation and societal needs (Palomo et al., 2013).

Conclusion

The objectives of this study were to (i) determine vegetation
diversity and structure in relation to distance from the park
boundary into the inner strata of the park and (ii) establish
the levels of anthropogenic disturbance from the park
boundary into the inner strata of the park at different
distance gradients. Based on our findings, we conclude that
there is: (i) a difference in the vegetation structure and
diversity as distance from the park boundary to the core of
the park increases and (ii) an anthropogenic disturbance
gradient as distance from the park boundary to the core of
the park increases. To reduce the edge effects and associated
impacts of anthropogenic disturbances on Umfurudzi Park
ecosystem, we recommend the following: (i) revisit the
buffer zone concept, policy measures and law enforcement
associated with ecosystem services and goods provision for
communities surrounding protected areas, (ii) engaging
park authorities and communities on ecosystem goods and
services derived from buffer zones and protected areas
through a participatory park planning process and range-
land management and (iii) further studies on the regener-
ation and recovery of cleared patches along the boundary
and their use by the reintroduced wildlife species in the park.
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