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%e objective of this special issue is to address the diverse
issues and developments related to wildlife conservation in
tropical savanna ecosystems, given the challenges related to
climate change, habitat fragmentation, illegal hunting and
trade in wildlife products, and sustainable utilization. Many
papers were submitted, and after a thorough peer-review
process, six papers, i.e., five original research papers and one
review paper, were selected to be included in this special
issue. %ese research studies provide invaluable insights into
understanding contemporary issues in wildlife conservation
and scientific evidence for adaptive management and sus-
tainable conservation.

%e paper by V. K. Munyaka and E. Gandiwa presents an
assessment of how the giraffe species (Giraffa camelopar-
dalis) acclimatizes to a new ecosystem after introduction and
which forage species it selects using the focal observation
method.

%e paper by T. Chigonda reviews the relationships
between human livelihoods and biodiversity conservation in
the rural areas of a semi-arid savanna and highlights the
need for complete devolution of natural resource ownership
and management to the grassroots levels in order to fully
realise social and ecological sustainability.

%e paper by G. Matseketsa et al. proposes a more so-
cially and economically inclusive management approach,
based on a stakeholder-driven access and benefit sharing
framework, as essential in promoting a more positive form
of reciprocity towards protected areas and nature
conservation.

%e paper by E. Mufandaedza et al. highlights variability
in the influence of soil parameters (i.e., soil texture, soil pH,

and available nitrogen (N) and phosphorus (P)) and level of
tannins in tree barks in the distribution of mopane worms
(Imbrasia belina) in savanna ecosystems.

%e paper by C. Mutengu and W. Mhlanga analyses fish
health and water quality and proposes the importance of
long-term monitoring of freshwater ecosystems for sus-
tainable fisheries management.

%e paper by O. L. Kupika et al. illuminates the im-
portance of local ecological knowledge held by rural com-
munities adjacent to large protected areas on climate
change- and ecosystem-based adaptation strategies and how
this facilitates resilience in a changing environment.
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Understanding local community perceptions on impacts, causes, and responses to climate change is vital for promotion of
community resilience towards climate change. +is study explored local ecological knowledge (LEK) held by local communities
on climate change trends and impacts in the Middle Zambezi Biosphere Reserve (MZBR), Zimbabwe. +e objectives of the study
were to (i) investigate local community perceptions on trends and causes of climate change, (ii) identify biophysical impacts of
climate change at the local level, and (iii) explore the ecosystem-based adaptation strategies towards climate change. +e study
used a mixed methods approach where a household questionnaire survey (n � 320), key informant interviews (n � 12), and focus
group discussions (n � 8) were used to collect data between April 2015 and October 2016. Results from the study show that local
communities have observed decreasing rainfall and increasing temperatures as key indicators of climate change. Local com-
munities observed water scarcity, changes in vegetation phenology, livestock and wildlife mortalities, and food shortages due to
drought as the major impacts on their livelihoods. LEK can contribute to adaptive management strategies that enhance resilience
of socioecological systems (SES) in the face of climate change by providing information on the status and use of biophysical
components of the environment and by highlighting potential local adaptation strategies that can sustain key livelihood practices.

1. Introduction

Communities from different parts of the world use local
knowledge about ecosystems to recognize and respond to
the impacts of climate change and variability [1]. African
rural communities have been documented as constructing
climate change realities based on their experiences of the
impacts and effects [2]. Although the observation of global
climate change has been largely based on meteorological
data, there is paucity of information on how humans use
local ecological knowledge to recognize and respond to such
changes [3].+is calls for research to explore the role of local
culture in identifying and responding to threats imposed by
the changing climate. Adger et al. [4] suggest that local

communities could interpret and construct climate change
trends and local indicators within a cultural setting. +e
United Nations (UN) recognizes the significant role played
by indigenous knowledge, cultures, and traditional practices
in promoting sustainable development, equity, and man-
agement of the environment [5]. Adger et al. [4] further
argue that since culture is embedded in societal modes of
production, consumption, lifestyles, and social organization,
it should be recognized in understanding both mitigation
and adaptation to climate change. Understanding and
building upon perceptions, experiences, and IK on climate
change can contribute towards strengthening the resilience
of poor societies who are characterized by weak in-
frastructure and economic well-being [6].
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Traditional knowledge is derived from indigenous
knowledge systems (IKSs), the designation that is used
to refer to the modus operandi and processes that the
indigenous peoples use to harness local knowledge [7].
Local/traditional/indigenous traditional knowledge is de-
fined as the intellectual behavior and beliefs of indigenous
societies or local information about the relationship of
living beings (including humans) with one another and
with their environment [8]. +e knowledge exists and is
developed, accumulated, and transmitted culturally
through local community experiences and know-how
across generations [8, 9]. Also, known as indigenous
technical science, indigenous knowledge is dynamic and is
informed by local communities’ interactions with their
local biophysical and social environment [10]. Indigenous
knowledge encompasses interrelated subsets of local eco-
logical knowledge (LEK), seasonal knowledge, and phe-
nological knowledge [11].

Local ecological knowledge (LEK) refers to knowledge,
practices, and beliefs shared among local resource users
regarding ecological interaction within ecosystems [12]. LEK
comprises people’s lived experiences and their dialectical
interaction with the natural environment [13]. +us, local
knowledge is a key component of integrated ecosystem and
community-based adaptation strategies. +e Convention of
Biological Diversity (CBD) [14] defines ecosystem-based
adaptation (EbA) as the use of biodiversity and ecosystem
services in an overall adaptation strategy. Reid et al. [15]
defines community-based adaptation as a community-led
process, based on communities’ priorities, needs, knowl-
edge, and capacities, which should empower people to plan
for and cope with the impacts of climate change. EbA in-
cludes approaches such as the sustainable management,
conservation, and restoration of ecosystems to provide
services that help people adapt to the adverse effects of
climate change [14]. Approaches to ecosystem-based ad-
aptation take into account themultiple social, economic, and
cultural cobenefits for local communities as part of an overall
adaptation strategy [16]. +is study investigated LEK in-
clusive of seasonal ecological knowledge (SEK) on climate
trends and responses to climate change impacts in the
context of a biosphere reserve.

+e United Nations Educational, Scientific and Cultural
Organization (UNESCO) Man and Biosphere Reserves
(MAB) are established directly to bring together bio-
diversity, cultural diversity, and ecosystem services, thus
promoting ecological security and models for sustainable
development [17]. UNESCO MAB, together with its World
Network of Biosphere Reserves (WNBR) functions as a
Global Observatory for Climate Change Mitigation and
Adaptation focused on promoting integrated monitoring,
multidisciplinary approaches, and participatory activities,
supporting climate change management [18]. +e WNBR
strives to implement the Paris Agreement and United Na-
tions (UN) Sustainable Development Goals (SDGs) by
fostering the improvement of human livelihoods and pro-
tection of natural and managed ecosystems for sustainable
development [19]. Yashina [20] notes that biosphere reserves
play an important role in developing and implementing

mitigation and adaptation measures as stipulated in the
Madrid Climate Change Strategy Action Plan Framework of
2008 and the Climate Change Initiative of 2009. Target 24 of
the Action Plan predicts that biosphere reserves can be used
as learning sites for research into, adaptation to, and mit-
igation of climate change impacts [20]. UNESCO [21] calls
for member states to respond to new kinds of conservation
challenge posed by climate change, developing innovative
policy, tailoring management strategies, and recognizing the
value of resilient protected area systems that help safeguard
the global environment and human societies from the
threats posed by climate change. UNESCO MAB strategy
highlights the need for local communities to integrate in-
digenous knowledge in the fight against climate change.
+us, embracing indigenous knowledge in climate change
adaptation is vital to enhance community resilience of
communities to climate change [22] in biosphere reserve
settings.

Several studies have focused on the impacts and small-
scale farmers’ adaptation towards climate change and vari-
ability at the agriculture-wildlife interface in Zimbabwe
[23, 24]. Nyikahadzoi et al. [25] studied the factors influencing
climate change adaptation among small-scale farmers in
Hurungwe District, Zimbabwe. Ndebele-Murisa et al. [26]
studied the effects of climate change and variability on
fisheries-based livelihoods in Kariba, Zimbabwe. However, a
few studies have focused on the role of local knowledge in
understanding climate change trends, impacts, and adaptive
strategies among agroecological-based livelihoods within the
MZBR. +is study uses two case studies to explore local
ecological knowledge (LEK) held by local communities on
climate change trends, impacts, and adaptation in the Middle
Zambezi Biosphere Reserve (MZBR), Zimbabwe.

+e growing body of knowledge on local indigenous
knowledge about climate change impacts on biophysical
systems provides novel contributions towards our un-
derstanding of local climate change and people’s responses
[27–29] in rural communities who are determined to de-
velop sustainable environments [6]. Murphy et al. [30]
contend that successful adaptation to climate change re-
quires understanding processes of social and biophysical
change and their interactions within socioecological sys-
tems. +us, LEK can be used to understand community
adaptive practices which promote resilience to environ-
mental changes [31] that have negative effects on local
livelihoods and sustainable development [10]. LEK can
therefore supplement scientific data by providing primary
and comprehensive descriptions of the biophysical and
socioeconomic components of the biosphere landscapes that
are experiencing climate change stresses [20]. In addition,
local community traditional daily practices such as weather
forecasting can provide a myriad of benefits including
making informed decisions to enhance agricultural food
security [11]. +e objectives of this study were to (i) in-
vestigate local community perceptions on trends and causes
of climate change, (ii) identify biophysical impacts of climate
change at the local level, and (iii) explore the ecosystem-
based adaptation strategies towards climate change on the
MZBR, Zimbabwe.
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2. Materials and Methods

2.1. Study Sites. +e study was conducted in the Chundu
Communal and Nyamakate Resettlement Area (Table 1)
located in the transitional zone of the Middle Zambezi
Biosphere Reserve (MZBR), in the northern margins of
Mashonaland West Province, Zimbabwe. +e case study
communities were purposively sampled due to their prox-
imity to Mana Pools National Park and Hurungwe Safari
Area (Figure 1) as an important factor in their recruitment.
+e study area is made up of indigenous people who were
forced to migrate from the Zambezi Valley prior to the
establishment of the adjacent protected areas, namely,
Hurungwe Safari Area, Mana Pools National Park, and
Charara Safari Area (Figure 1).

+e Nyamakate chiefdom and Chundu Communal Area
was established in the Zambezi valley before and after
colonization by the white men, respectively [33]. However,
the chiefdom was dismantled by the colonial government
and the occupation of the contemporary Nyamakate
Resettlement was done in the 1980s [32, 33]. Nyamakate
Resettlement and Chundu Communal Areas lie within
agroecological region 3. Chimhowu and Hulme [32] ob-
served that most agricultural seasons experience drought in
the area as indicated by the 1981–82, 1982–83, 1983–84,
1986–87, 1991–92, 1994–95, and 1996–97 droughts. +e
1991–92 drought was the most severe, and it had profound
effects on livelihoods [32].

+e MZBR is a habitat to diverse and unique flora and
fauna which contributes significantly towards the region’s
biodiversity. Terrestrial and aquatic flora and fauna
species are found in the adjacent protected areas,
i.e., Mana Pools National Park, Hurungwe, Chewore, and
Charara safari areas. +e MZBR valley floor area is
endowed with diverse wildlife species including elephant
(Loxodonta africana), buffalo (Syncerus caffer), black
rhino (Diceros bicornis), painted wild dog (Lycaon pictus),
nyala (Tragelaphus angasii), impala, kudu, waterbuck,
zebra, hyena, and escarpment sable [35]. Nyamakate and
Chundu Communal Areas are located within a pre-
dominantly Miombo woodland characterized by broad-
leaved deciduous Brachystegia, Julbernardia, and Iso-
berlinia species.

2.2. Data Collection. +e study used the mixed methods
approach where a household questionnaire survey, key in-
formant interviews, and focus group discussions were used
to collect data on the causes, trends, and indicators of cli-
mate change. Prior to the survey, written annual permission
to carry out the research was sought and granted from
Hurungwe Rural District Council in 2015 and 2016. +e
research was approved by the Senate Research Council at the
Chinhoyi University of Technology (CUT), Zimbabwe. In
addition, all participants gave verbal informed consent to
participate in the research.+e study was ethically cleared by
the CUT Ethics Committee.

Household surveys were used to collect quantitative data
on climate trends. +e household questionnaire contained

questions related to (i) demographic profile of the house-
hold; (ii) perceptions towards climate change trends, im-
pacts; and (iii) coping and adaptation strategies. +e
questions comprised both close-ended and open-ended
questions. +e household survey was carried out in the
two communities between August 2015 and October 2016.
+e questionnaire was pre-tested with 16 households from
Lima village located adjacent to Charara Safari Area to
improve validity and reliability of the instruments. +e
questionnaires were revised after a pilot test to remove
ambiguities and misunderstandings. Villages which are lo-
cated close to the Hurungwe Safari Area were purposively
sampled for the survey. Village registers which were ob-
tained from the village heads were used to come up with the
representative sample for the survey. Every third household
was systematically sampled on the ground for the survey.
Interviews were conducted with the head of the household or
their spouse if they were not available. +e geographical
location of each sampled household was captured using a
Geographical Position System Garmin Model GPS Map 64
(2013) and recorded.

Household questionnaires were administered to 320
people, of which 30% (n � 96) were from five villages (India,
Golf, Village 20, Murimbika, and Hotel) located in Nya-
makate Resettlement Area, while the remaining 70%
(n � 224) were from Kabidza and Mayamba villages in
Chundu Communal area. +e proportion of respondents
from each area ward is proportional to the number of
households in the sampled villages. We selected only re-
spondents that were more than 20 years since we assumed
that they were more familiar with the local environment.+e
overall response rate was 100% since research assistants
administered the questionnaires. Many of the interviewees
(85%) were local farmers in the two areas. Socioeconomic
and demographic profiles of the respondents are presented
in Table 2.

Twelve (12) key informant interviews were also held with
traditional leaders, ward councilor, and village elders. +e
structured key informant guide contained open-ended
questions on traditional climate and weather indicators
and prediction tools. During 2015 and 2016 survey, tradi-
tional leadership accompanied the researcher to their gar-
dens, agricultural plots, and forest areas to identify biotic
climate predictors and to learn about their use and their
purpose in climate prediction and adaptation. +is in-
formation together with data from the household survey and
focus group discussions allowed the researcher to compile an
inventory of flora and fauna species used in climate
prediction.

To ensure triangulation of findings, focus group dis-
cussions (FGDs) were held to share, validate, and explore the
findings of the household survey in greater detail [36]. A
random call of at least two household survey respondents for
participation in FGDs was made in each village. +e FGDs
were composed of between 8 to 15 farmers from mixed
gender and/or separate male and female participants.
During the FGDS, participants were asked to describe the
causes of climate change and historical climatic events.
Participants deliberated among themselves and reached a
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consensus before the final ranking was recorded. Challenges
related to domination of the discussion by a few participants
[6] were overcome by encouraging all group members to

provide answers. +us, the researcher elicited responses
from all FGD participants in the listing and ranking of
stressors [6].

Table 1: Attributes of the study sites within the transition zone of the MZBR.

Attribute Nyamakate Resettlement Area Chundu Communal Area
Land use status Planned Resettlement Area Traditional Communal Area
Ownership Government Government
Management Public Public
Key stakeholders Hurungwe Rural District Council Hurungwe Rural District Council
Conservation initiatives
Year established 1980 1958
Size (ha) 110145 60753
Fauna Domesticated animals Domesticated animals

Flora Dry savannah dominated by Miombo
woodland Dry savanna dominated by Miombo woodland

Climate

Marked seasonal annual rainfall 700–800mm
high means monthly temperatures

approximately 40°C and average minimum
temperatures are around 10°C

Human population High (over 13000 small-scale subsistence
farmers located in designated villages)

High (communal farmers in a typical rural
setup villages)

Forms of tourism Nonconsumptive tourism Nonconsumptive tourism

Source of livelihoods for local
communities

Semisubsistence agriculture, Communal Area
Management Programme for Indigenous

Resources (CAMPFIRE)
Subsistence agriculture, CAMPFIRE

Human-wildlife conflicts Human carnivore conflict Human carnivore conflict
Source: Chimhowu and Hulme [32]; Mbereko et al. [33]; Madhekeni and Zhou [34].

Figure 1: Location of Nyamakate Resettlement and Chundu Communal Area in the Middle Zambezi Biosphere Reserve (source: authors).
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2.3. Data Analysis. Data collected through the household
questionnaire survey were coded by assigning numerical
codes to text and then entered into Statistical Package for
Social Sciences (SPSS software IBM Version 20, Chicago,
USA) for analysis. Descriptive statistics (frequencies) were
used to summarize demographic and socioeconomic data
from the questionnaire response data set. Although the
demographic profile (Table 1) shows distribution of re-
spondents from the Resettlement and Communal Area, for
further analysis, all the data were lumped and treated as a
single data set. +e percentage of all respondents in the
household survey (n � 320) that had perceived specific
changes in the climate was calculated. One-way analysis of

variance was used to test whether there is any significant
difference in the mean respondents’ perceptions towards
awareness of changes in climate as well as temperature and
rainfall changes. Trends in meteorological data, specifically
rainfall and temperature, were analysed using Microsoft
Excel 2007 [37].

Transcripts from key informant interviews and focus
group discussions were translated to English and analysed
through content analysis by identifying recurring themes,
concepts, patterns, trends, and key words [38]. During
qualitative content analysis, LEK on impacts of climate
change was extracted and synthesized. According to Braun
and Clarke [39], the deductive thematic analysis is a

Table 2: Socioeconomic and demographic profiles of respondents.

Household characteristics Study sites
Total %

Nyamakate (n) Chundu (n)

Gender of household head Male 64 171 235 73
Female 32 53 85 27

Age of the household head

Below 29 24 20 44 14
30–40 34 75 109 34
41–50 14 32 46 14
51–60 13 26 39 12
60+ 11 71 82 26

Marital status of the head

Never married 5 7 12 4
Married 73 180 253 79

Divorced/separated 5 7 12 4
Widowed 13 28 41 13
Cohabiting 0 2 2 1

Household size

1–3 11 32 43 13
4–6 49 113 162 51
7–9 25 58 83 26
10–12 9 17 26 8

Above 13 2 4 6 2

Period of stay in the MZBR

1–5 20 18 38 12
5–10 16 24 40 13
10–15 15 26 41 13
16–20 26 33 59 18
21–25 6 22 28 9
26–30 6 35 41 13

Above 30 7 66 73 23

Education level of household head

None 11 54 65 20
Primary 28 85 113 35
Secondary 55 82 137 43
Tertiary 1 1 2 1

Vocational training 1 2 3 1

Wealth rank category
Poor 20 80 100 31

Average 68 127 195 61
Rich 8 17 25 8

Occupation/job of the household head

Gardening 17 11 28 9
Rural farmer 73 199 272 85
Farm laborer 1 3 4 1
Business 2 3 5 2
None 2 0 2 1

Pension 0 2 2 1
Professional 0 6 6 2

Family member employed in the wildlife sector Yes 12 15 27 8
No 84 209 293 92
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qualitative data analysis approach which is based on themes
which are predetermined by the researcher’s theoretical or
analytic interest in the research area and is more explicitly
driven. Data were therefore classified according to local
observations of climate change, impacts of climate change
on the biophysical and socioeconomic systems, and the
coping and adaptation strategies.

3. Results

3.1. Local Community Perceptions on Climate Change
and Variability

3.1.1. Local Awareness of Climate Change and Vulnerability.
Findings from key informant interviews indicated a general
awareness among the village elders and other community
leaderships that climate change and variability have been a
reality in the area. One of the key informants who had stayed
in Chundu Communal Area for over five decades (50 years)
had this to say:

“I was born in this place in 1965 and my parents were also
born here. Yes, I have heard of climate change. I can
witness that the climate is changing judging from the
shifting rainfall patterns, it is increasingly becoming er-
ratic and local spirit mediums have advised that rainfall
will decrease. We have observed it to be true and even the
radio confirms this notion about declining and erratic
rainfall.”

Perceptions of key informants are similar to about 58.1%
(n � 186) of household questionnaire respondents who
indicated that they were aware of climate change whilst
41.9% (n � 134) were not aware. Results from one-way
ANOVA show that there were no significant differences
in the mean responses across the entire sample (p≤ 0.000).
Focus group discussions further revealed that, in the study
area, rainfall has been generally decreasing whilst temper-
ature has been increasing. Key informants and FGD par-
ticipants expressed concern that while the rainfall amount
has been generally decreasing, the seasonal distribution of
the rainfall was not even throughout the growing seasons.

3.1.2. Patterns and Trends of Climate Change and Variability.
Results from the household survey show that the majority
(88.1%; n � 282) of the respondents perceived that the
rainfall amount was generally decreasing whilst tempera-
tures were increasing (68.1%; n � 218) (Figure 2). Re-
spondents showedmixed perceptions on temperature trends
with 68.1% (n � 218) of the respondents perceiving an in-
crease, 8.1% (n � 26) perceiving a decline, and 23.8%
(n � 76) perceiving that temperatures had remained the
same (P � 0.02) (Figure 3). +e mean response was 1.40. On
the other hand, no significant differences were observed on
perceptions on rainfall with 4.4% (n � 14) of the respondents
perceiving an increase, 88.4% (n � 282) perceiving a decline,
and 6.9% (n � 22) perceiving that temperatures had
remained the same (P � 0.03). +e mean response was 2.83.

Findings from key informants and FGDs indicate that
there has been a shift in the onset of rain season from
October to mid-December whilst the end of rainy season has
shifted from March to April since 2013. Traditional lead-
ership noted that the community used to receive early rain
like “bumharutsva” and “gukurahundi” prior to the onset of
the rain season in November.+emajority of key informants
indicated that the onset of the rain season had shifted and
was now shorter whilst the amount of rainfall has been
declining. One key informant stated

“Rains are no longer coming in November but mid-
December and end in early March. In the past, we
used to get rainfall from October/November until around
March/April. Overall, the length of the rain seasons has
also decreased we only get rainfall for just two months or
even one month. From 1982, we have been receiving
normal rainfall except for 1992, 2001 and 2008 when we
experienced severe drought. From 2008 up to now it has
drastically decreased.”

A large proportion of the household respondents (94.4%;
n � 302) perceived that they had experienced drought as the
most frequent extreme event followed by extreme heat
(74.7%; n � 239) (Figure 3). Key informants and FGD
participants also confirmed that there have been changes in
rainfall amount and temperature. One key informant stated

“2015/16 summer season has been the worst in terms of
excessive heat. +ere were 2 days on a weekend that were
the hottest ones we have ever seen. On those same days,
our soya bean crops actually dried up within hours from
the excessive heat. I think that temperatures at that time
were over 40°C. On the other hand, we also experienced
extremely cold periods in winter.”

A large proportion (94%; n � 302) of the household
respondents had experienced drought. Respondents showed
mixed perceptions on the frequency of occurrence of
drought with 61.6% (n � 197) of the respondents perceiving
an increase, 14% (n � 45) perceiving a decline, and 24.4%
(n � 78) perceiving that temperatures had remained the
same (P � 0.01). On the other hand, no significant differ-
ences were observed on perceptions on excessive heat and
excessive cold (P � 0.07). Key informants and FGD par-
ticipants mentioned that the area had experienced droughts
during the following years: 1981/82; 91/92; 87/88; 2001/02;
2007/8; 2013/14. Approximately half of the household re-
spondents (56%; n � 178) stated that they had experienced
extreme cold winters since 2008. Trends in the occurrence of
cold winters were also perceived to be on the increase (48/
8%; n � 156), and the severity was moderate (43.4%;
n � 139). FGD participants also stated that, during the 2012/
13 and 2014/2015 rain season, the area had received unusual
hailstorms associated with destructive winds. However,
findings from the household survey show that floods (3.8%;
n � 12) and tropical cyclones (10%; n � 32) are not a
common event in the area. All the key informants and FGD
participants concurred that generally, weather conditions
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had become drier and rainfall timing was becoming more
unpredictable.

Key informants were of the opinion that climate change
is caused by industrial pollutants and the abandonment of
traditional culture and practices. Traditional leaders noted
that local chiefs generally no longer perform the traditional
rainmaking ceremonies. It was reported that the chiefs could
not perform the ceremonies because they do not qualify
since these days people use various deviant acts to become
chiefs. One key informant stated

“Back in the days when industries were few, we had no
issues of climate change.+e spirit mediums tell us that in
terms of lifestyle, people used to be well behaved long ago
and there were no cases of incest. Bereaved families did
not store or hang up dead peoples’ clothes (kuturika
matata) like what people are doing nowadays. +e

ancestors are angered by these sins and in turn do not
bless the area with rainfall.”

Traditional key informants also lamented that modern
religions were overriding cultural practices most probably
due to diverse cultural backgrounds of people located in
Nyamakate Resettlement Area. Traditional leadership also
highlighted that contemporary religious practices particu-
larly Christianity of the apostolic sect seem to be in conflict
with traditional values as indicated by invasion of sacred
sites such as Hurungwe Mountain where they have estab-
lished their shrines. Generally, all key informants stated that
climate change is caused by excessive deforestation whilst
other thought it is due to natural causes. +ose who men-
tioned deforestation attributed this to clearance of land and
wood harvesting for tobacco farming and curing,
respectively.

3.2. Temperature and Rainfall Trends from Meteorological
Data. Analysis of available rainfall data (Figure 4) from the
Meteorological Services Department (Kariba Station) for the
period 1976 to 2011 shows a slight decreasing trends in total
rainfall for the period. +e timing and transitions of seasons
have been highly variable. Periods with very low rainfall
include 1991/92 and 2001/02 seasons, corresponding to
those years cited by all household survey respondents, key
informants, and FGD participants.

Mean monthly minimum and maximum temperatures
for Kariba Station (1976–2007) show a general increase
(Figure 5). +e period 1970 to 1981 recorded 30.2°C as the
average maximum temperature.

+e ten-year period, 1981–1990, shows a significant
temperature increase with a calculated mean average
maximum temperature for this period as 31.4°C, showing a
1.2°C increase from 30.2°C. Ever since 1991 to date, tem-
peratures have been increasing, particularly a record of
33.1°C for the year 2007. +us, in Kariba, temperatures are
increasing.

3.3. Impacts of Climate Change and Variability on Livelihood
Systems. Household respondents, key informants, and focus
group discussants were aware of the impacts of climate
change on socioeconomic and biophysical components of
the environment (Table 3). +e changing climate has
resulted in a general decline in agricultural productivity,
including changes in the availability of ecosystem goods and
services. About 43% (n � 139) of the respondents indicate
that they had experienced livestock diseases such as red
water due to climate change. Approximately 59% (n � 189)
attributed the decrease of pastures to drought which ranked
third after increase in livestock and population increase.
About 8% (26) households had lost at least two cattle
(currently valued at approximately US$ 800) due to drought.

A large proportion of household respondents (78%;
n � 250) cited declining rainfall (53%; n � 168) as the major
factor contributing to water shortages whilst another pro-
portion (43%; n � 136) also indicated that disappearance of
wetlands (68; n � 218) was also mentioned to be succumbing
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to decreasing rainfall. Field observations revealed that some
farmers cultivated in wetlands and valley bottoms, taking
advantage of residual moisture in the soils. Personal field
observations revealed boreholes, rivers, streams, and wells as
the key water sources in the area. Key informants indicated
that there have been substantial changes to the flow regime
of streams such as Chitake, Chewore, Kabidza, Chitake,
Mvurameshi, Mvuramachena, Samhofu, and Hodobe. For
instance, key informants reported that Rukomechi river flow
regime had changed from perennial to seasonal since 2015/
2016 season. +e study villages used to have several water
sources, which would supply water throughout the year such
as natural springs and wetlands, but most of them have dried
up.

Key informants and FGD participants identify wild fruits
and forest products, which they used to sustain livelihoods
during periods of drought. Respondents indicated that
Piliostigma thonningii (Schumach) fruits were being har-
vested and pounded into powder to cook porridge, whilst
Diospyros mespiliformis (mushuma) and Parinari Curate-
llifolia (muchakata) fruits are used as an alternative food

source during drought. In addition, exotic tree species such
as raw mangoes have also been harvested prematurely and
cooked for consumption during the 1991/92 and 2007/8
drought period. During drought local communities also rely
on indigenous shrubs and underground tubers such as air
potato (manyanya) and “mupama”, although even these
roots only do well when there is good rainfall. Dioscorea
praehensilis Benth (mupama) and the air potato Dioscorea
bulbifera (manyanya) are woody perennial plants, which
both belong to the family Dioscoreaceae.+e plants produce
edible underground organs (tubers). +e air potato
(mupama) is one of the most widely consumed yam species.
Mupama tree is also used during drought periods. For ex-
ample, respondents mentioned the tree species provided
food relief to most vulnerable and poor households during
the most severe 1991/2 and 2007/8 drought period. Re-
spondents stated that the yam plant produces potato like
roots are edible. Unlike the ordinary potato and sweet potato
tubers, the air potato tubers have to be thoroughly boiled to
remove the bitter taste before consumption. Other key in-
formants reported that if the tubers are underprepared, their
consumption could lead to severe stomach ailments and
eventually death.

Key informants reported that Rhynchosia venulosa
(mukoyo) is as one of the popular drought relief plant
species among the local community members. Key in-
formants and FGD participants stated that traditional beer-
brewing experts use the roots of the legume to brew beer,
which can be sold locally or taken to the border town of
Chirundu for sale. Key informants suggested that com-
mercialization of the by-product from the legume is im-
portant in contributing towards household income during
drought periods. +e shrub has been cited as one of the
underutilised legumes which have tremendous potential for
commercial exploitation in the area. Participants reported
that they even illegally harvest the plant in the adjacent
protected area since the species is already disappearing in
nearby community forests.

A few respondents cited bee farming as one of the key
coping strategies in response to changing climatic short-
ages. +e beehives are made from mupfuti tree timber.
Upon completion, the beehives are placed in the mupondo
or mutsabvi tree because it has flowers, which easily attract
the bees towards the hives. Local community members
practice highlighted that bee farming requires patience and
dedication; hence, very few people use it as a coping
strategy. +e next section presents an analysis of factors
which influence the choice of coping strategies in the study
area.

4. Discussion

4.1. Local Community Perceptions on Trends and Causes of
ClimateChange. Findings from this study indicate that local
communities perceive that rainfall is decreasing whilst
temperatures are increasing. Findings are in line with IPCC
[40] predictions that temperatures across different scales are
set to increase whilst rainfall in southern Africa is set to
decrease. Results from this study show that scientific rainfall
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Table 3: Local community perceptions of climate change impacts on livelihood systems.

Perceived climate trend Impacts on livelihood system Coping and adaptation strategy
Agricultural activities

Declining and erratic rainfall shifting rain
season

Inadequate moisture for plants production
(BI)

Decrease in crop productivity, e.g., maize
(SE)

Changes in crops/varieties
Short and unpredictable planting season (SE)

Increased prevalence of new pests and
diseases (BI/SE)

Cultivate in wetlands and low-lying areas
Change crop variety from long season to

short season (A)
Use stored grain as seed reduced the overall

area under cultivation

Extreme temperatures (heat waves and very
cold winters)

Wilting of maize and tobacco has mostly
been affected by excessive heat (BI/SE)

Water conservation techniques such as
conservation agriculture and mulching

Persistent droughts Household food shortages due to poor
harvest/low agricultural output (SE)

Harvest wild fruits, e.g., muchekecha, and
wild legumes such as Dioscorea praehensilis

Benth (mupama), and the air potato,
Dioscorea bulbifera (manyanya), and
Rhynchosia venulosa (mukoyo) during

drought periods
Harvest wild animals, e.g., rabbits, warthogs,

and mice, and community/nutritional
gardens

Off-farm jobs in nearby commercial farms
Cooking raw bananas and mangoes

Gold panning,
Selling livestock.

Barter trading, for example, exchanging 2
gallons maize with a goat

Reduced household income (SE)

Rearing of domestic guinea fowls (Numida
meleagris f. domestica) and rock hyrax
(Procavia capensis) for sale; bee-keeping

informal trading; food for work; weaving and
hand crafting; Off-farm activities, e.g., seek
employment in nearby farms, and migrant

labor in Zambia

Reduced rainfall and excessive heat drought

Deterioration on quantity and quality of
livestock grazing areas (BI/SE)

Reduced livestock, e.g., cattle and goats, and
reproductive rate and capacity has been

affected (SE)
Increase in roadrunner mortalities and

reduced reproduction (SE)
Increase in cases of climate-induced disease

outbreaks (SE)
Shortage of water for livestock (BI); livestock
mortality (cattle, goats, and sheep); livestock
diseases (e.g., red water in sheep, goats, and
cattle), and deteriorating health condition

(all domestic animals) (SE/BI)

Livestock graze within wetlands and adjacent
protected area

Store maize crop residue for cattle feed
Reduce livestock numbers

Water resources

Reduced rainfall and high temperatures

Reduction in water sources due to drying up
of water sources boreholes; domestic wells
drying up before the end of the next rainy

season (BI/SE)
Change in river flow from perennial to
seasonal (BI); disease outbreaks such as
headache, malaria, and diarrhoea (SE)

Lack of water for setting up tobacco seed
beds (BI/SE)

Wetlands drying up

Dig deep wells along river beds and on
wetlands

Women travel long distances to fetch water
Several households (e.g., up to 44) share

same borehole
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data which show interannual variations and a general de-
cline in rainfall for over the past 30 years corroborate with
the people’s perception of climate changes. Farmers’ per-
ceptions of climate change in the study area are in line with
empirical data and other studies on farmers perceptions
inhabitingmarginal areas in Zimbabwe [23, 41, 42]. Findings
are also similar to other studies in Zimbabwe such as Guruve
District where Gwenzi et al. [43] and Hwedza and Makoni
[44] have reported unpredictable rainfall, declining rainfall,
and increasing temperatures as some of the indicators of
climate change. Local ecological knowledge on climate
patterns and impacts has been documented in other studies
in different parts of Africa [45–48]. Using IKS, Nkomwa
et al. [22] reported that farmers in Malawi observed delayed
and unpredictable onset of rainfall, declining rainfall trends,
warming temperatures, and increased frequency of dry spells
as some of the key indicators of a changing climate.
However, there are variations with respect to observed
extreme events. In this study, respondents cited frequent
droughts and heat waves as the common extreme events.
+ese findings are similar to IPCC [40] report, which in-
dicated that persistent droughts and extreme temperatures
are some of the indicators of a changing climate. Whilst

other studies have observed extreme events such as cyclones
and floods [49–51], in this study, farmers did not identify
such events. In Zimbabwe, two cyclones Elline (experienced
in 2000) and Japhet (experienced in 2003) have mainly
affected theManicaland andMasvingo provinces [51], which
the study respondents have not experienced. According to
the [52] the major flood-prone areas in Zimbabwe are se-
lected parts of the southern lowveld and the lower Zambezi
valley, that is Muzarabani, Middle Sabi, Tsholotsho, Mali-
pati, Chikwalakwala, and Tuli-Shashe.

In this study, farmers attribute climate change to both
anthropogenic and spiritual causes. +is is in line with
findings by [53] who noticed that farmers in Ghana per-
ceived that disasters such as prolonged droughts are inflicted
by spiritual factors such as the gods. Our findings also
correspond with the IPCC [40] report that combinations of
anthropogenic and natural forces are the major cases of
climatic changes.

4.2. Local Ecological Knowledge on the Impacts of Climate
Change. +is study found that community members agreed
that extreme events related to climate change such as

Table 3: Continued.

Perceived climate trend Impacts on livelihood system Coping and adaptation strategy
Forest resources

Reduce rainfall

Changes in tree phenology (both domestic
and exotic tree species), e.g., mazhanje and

mango (BI)
Prolonged leaf senescence time in leaf fall for
deciduous trees from August to October, tree
leaves would be green but now the leaves
have actually fallen off when they used to fall
off only in August, e.g., mupfuti, munondo,
mutsonzowa, mukonono, mutowa (BI/SE)
Most indigenous and exotic fruit trees

including fruit trees are no longer producing
fruit disappearance of reduced fruit

production, e.g., Diospyros mespiliformis and
muhacha (BE/SE)

Planting of indigenous and exotic tree
species

Extreme temperatures (heat waves and
excessive cold)

Premature drying up of fruits like nhunguru
(BI) Planting indigenous and exotic trees

Soil resources

Reduced rainfall and excessive temperatures Soil carbon stocks have been disturbed (BI)
Change in soil quality over time (BI)

Conserve our soils through the use of
“madhunduru”; apply fertilizers

Wildlife resources

Drought (2002–2008)

Habitat encroachment, e.g., human
expansion of cultivation into buffer zone (BI)
Livestock depredation during the prolonged
dry season; lions mostly follow after donkeys
and cows; hyenas target goats wild animals;

lions and hyenas attack livestock (BI)
Crop destruction (buffaloes and elands

destroy tobacco and eat maize in the fields
during March, April, and May

Bush pigs and baboons create a menace
during the planting and harvesting season

from December to May (SE)

Illegal hunting and harvesting

Key: Socioeconomic impact (SE); biophysical Impact (BI).
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prolonged dry periods and excessive temperatures have
affected agricultural activities and the biophysical envi-
ronment. Nyikahadzoi et al. [25] note that climate change is
expected to continue to pose a serious threat to agriculture in
southern Africa as annual rainfall amounts are expected to
decline and temperatures are expected to increase. Climate
change has led to highly variable yields in arable agriculture
(both rain-fed and irrigated) in African countries [54].
Findings in this study are in line with the IPCC [40] which
states that climate change impacts affect both natural and
human systems. Respondents indicated that climate change
has affected seasonal rainfall patterns by reducing the length
of the rainy periods as well as the amount of rain with
consequences on crop and livestock production. Similar
observations by Chikozho [51] are that low and erratic
rainfall is leading to low and unpredictable levels of crop
production in the semidry agroecological zones of Zim-
babwe. Study findings revealed that some farmers resorted to
stored grain for seed but did not indicate any loss of seed
variety impacts associated with climate change. +is con-
trasts with findings byMburu Gathuru and Kaguna [55] who
revealed that, in Kenya, climate change, mainly reduced
rainfall levels, has led to the disappearance of some of the
indigenous seed varieties as continued failure of crops is
affecting the capacity for production of good seeds. In this
study, farmers indicated that the planting season has been
shortened due to shifting in the timing of the onset of the
rain season. Findings in this study are in line with Mburu
Gathuru and Kaguna [55] who observed that, in Kenya,
climate change has caused disruption of the planting cal-
endar such that it has become increasingly difficult for
youthful farmers to predict seasonal regimes.

Findings on the negative impacts of climate change on
pastures and livestock health concur with those by Hopping
et al. [56] who reported that pastoralists in the Tibetan
rangelands, China, have the same opinion that changing
climate is driving undesirable trends in grassland and
livestock health. Rose et al. [57] also noted cases of decline in
pastures due to low and erratic rainfall. Other authors have
also noted that livestock production faces the problem of
poor and variable rangeland productivity and desertification
processes [24, 58, 59]. Generally, reduction in fresh water
resources affects natural resource and climate-dependent
sectors such as forestry, agriculture, water, and fisheries
[60]. Findings from this study indicate that local commu-
nities use LEK to detect changes in water resources due to
climate change and variability. Respondents indicated that
frequent extreme events such as drought and increasing
temperatures affect soil moisture and surface water avail-
ability for both domestic use and agriculture. +is is in line
with United Nations Framework on Climate Change [61]
assertion that Africa faces challenges related to water
availability and spatial variations in the location and need for
water resources. Observations from this study are also
similar to those by Taylor et al. [62] who noticed that more
frequent and intense climate extremes such as droughts and
floods increase variability in soil moisture and surface water.
Observations in this study related to drying up of rivers and
poor water quality in surface and groundwater systems

coincide with findings by Urama and Ozor [63] who re-
ported that impacts on water resources act in conjunction
with other factors to affect ecosystem health and socio-
economic well-being of human communities. For example,
Mburu Gathuru and Kaguna [55] also noticed that, in
Kenya, climate change interacts with anthropogenic activ-
ities along rivers to contribute to reduction of river water
volume over time and weakening of critical ecosystems like
forest watersheds.

Farmers at the agriculture wildlife interface notice im-
pacts of climate change on wildlife resource abundance such
as disappearance of wetlands, habitat changes, and changes
in the phenology of indigenous tree species. +ese obser-
vations are in line with Dube and Phiri [64] who reported
that climate change is affecting biodiversity in Zimbabwe as
indicated by the disappearance of natural habitats, flora, and
fauna. In Tanzania, Paavola [65] also noticed that forests,
wildlife, and wetlands are being impacted by climate change.
Farmers also reported that although wildlife resources such
as fruits are consumed to avert food shortages during
drought, their abundance has declined due to climatic
changes. Results from this study agree with those by Rurinda
et al. [44], who reported that the availability of wild fruits
and social safety nets was affected directly and indirectly by
extreme temperatures and increased rainfall variability,
impacting on the livelihoods of resource-constrained
farmers. Similar observations were also seen in [66] who
noticed that farmers in Makonde district, Zimbabwe, per-
ceived changes in ecosystem productivity, goods, and ser-
vices as a result of climate-induced factors. Nhemachena
et al. [41] also indicated that the phenology of indigenous
fruit trees and invertebrate species was under threat from
climate-induced changes on water availability and wetlands.
However, in this study, respondents did not identify any
impacts associated with invertebrate species.

+e recruitment of plants has been constrained by low
rainfall and temperature leading to low productivity [67].
Low productivity of primary producers (plants) had severe
cascading effects on both domestic and wildlife species along
the food chain. Climate change has led to creation of strong
tensions between humans and wildlife species due to
shortage of resources (especially food and water). Occur-
rence of habitat patches and invasive species (which are
inedible to animals) led to animals exceeding their home-
ranges and encroaching human habitats, thereby causing
damage to crops and property paving a way to human-
wildlife conflict. Climate change has the potential to alter
migratory routes (and timings) of species that use both
seasonal wetlands (migratory birds) and track seasonal
changes in vegetation (herbivores) [68]. +is increase
conflicts between people and large mammals such as ele-
phants, particularly in areas where rainfall is low. Change
[69] states that wildlife-farming conflict was potentially
exacerbated by climate change, in particular, drought, which
encourages wildlife to forage on farmlands.

In this study, respondents also noted that climatic pa-
rameters interact with other nonclimatic factors such as
illegal harvesting and pressure from human population
increase also influence the abundance of wildlife resources.
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For instance, trees belonging to the dominant family within
the Miombo region are threatened by other nonclimatic
factors such as deforestation. Similar observations have been
made in Mozambique where trees associated with Miombo
woodland utilised for traditional purposes are declining due
to overexploitation and destructive collection [70]. Mubaya
et al. [71] suggest that although climatic factors are critical in
determining production in agroecosystems, multiple
stressors interact to influence the abundance and diversity of
natural resources.

4.3. Coping and Adaptation Strategies. Findings from this
study revealed that local communities use LEK on wildlife
resources, water conservation, indigenous plant food sources,
and alternative income generation as way of adapting and
coping with changing rainfall patterns, extreme temperatures,
and droughts. Local communities use water harvesting such
as digging wells, which collect water within wetlands during
the rainy season, as one of the key strategies of coping with
water shortages. +e water is then used for supplementary
irrigation of vegetables and crops during the dry season.
Similar observations have been made by Van Campenhout
et al. [72] that, in the dry season, farmers use the water
conserved in the wells and basins for irrigation. Home gar-
dens are widely done in southern Africa especially Zimbabwe,
Mozambique, Botswana, and South Africa where there is
growing of food crops like maize, rice, vegetable, and fruits for
barter trading and income generation [72]. For example, in
South Africa, indigenous people grow cash crops like vege-
tables, tomatoes, and maize in home gardens to increase
household income [73].

+is study established that illegal harvesting of wildlife
and harvesting and consumption of wild fruits and legumes
can alleviate food shortages during drought. Similar findings
have been observed by [74, 75] who noted that off-farm
income derived from exploitation of wildlife resources is
critical to livelihoods and overall adaptive capacity. In
coping with risk due to excessive or low rainfall, drought,
and crop failure, some traditional people in Ghana also
supplement their food by hunting, fishing, and gathering
wild food plants [76]. Findings from this study on the use of
edible tubers from family Dioscoreaceae are similar to
findings elsewhere in Africa. Similar sentiments have been
expressed byMortimore andManvell [77] who reported that
small holder farmers in northern Nigeria making use of
biodiversity in cultivated crops and wild plants as one of the
adaptation strategies. For example, Bruschi et al. [70] found
that some plant species like Dioscorea cochleari apiculata
and Dioscorea dumetorum have been collected from a
Miombo woodland and eaten as a means of averting food
shortages during drought periods in a rural community of
Muda-Serraçã, central Mozambique. Similarly, in this study,
the same species provide alternative food during drought
periods. In addition, both studies acknowledge that uti-
lisation of the tubers requires one to be thoroughly
acquainted with the skills and techniques for making some
of the poisonous wild plants edible. Apart from southern
Africa, the edible legumes are widely known as famine foods

in East Africa and have also been reported as cultivated in
some parts of West Africa [78]. Key informants also em-
phasized that Dioscorea cochleari apiculata and D. dume-
torum may be eaten only after they have undergone
appropriate preparation. Basically, the preparation pro-
cedure for the tubers involve the following: peeling the tuber,
cutting it into thin slices, dry and wash several hours in a
river, always changing the place, and then boil thoroughly
for a prolonged period of time till they are cooked. Failure to
do this may cause vomiting and even death as revealed by
observations from East Africa [79].

In this study, few individuals indicated that they resort to
production of handcrafts for sale as a strategy to increase
household income. Mogotsi et al. [80] concurs that local
communities have engaged in different living strategies like
producing crafts for selling for income generation in order to
reduce poverty and starvation during drought periods. For
example, in Zimbabwe and South Africa, they use murara
(Hyphanate petersiana) leaves for basket weaving and
production of wine from the sap [24, 81]. In Zimbabwe,
njemani production has become a source of living for many
people in Sengwe area and some of people no longer get
involved in farming [82]. Similarly, in this study, some
farmers indicated that they used local plant resources to
weave mats, curve wood crafts, and brew beer for selling to
boost household income but still engage in farming.
However, unlike other communities who use grass plants
like Hyphanate petersiana to brew local beer [82], in this
study, they used legume Rhynchosia venulosa to brew beer.

5. Conclusion

Local communities within the MZBR perceive climatic
changes especially changing rainfall and temperature. In
addition, they perceive cultural and anthropogenic factors
such as deforestation as some of the causes of climatic
change. +e community uses ethnobotanical and ethno-
zoological knowledge to detect weather changes. Local
communities in biosphere reserves have noticed impacts of
climate change on the socioeconomic and biophysical
livelihood assets. Consequently, they have developed several
livelihood coping and adaptation strategies to enhance the
food security of their families in response to the changing
climatic conditions. Land tenure category influences the
choice of drought-related coping strategies for local com-
munities in the MZBR.

Based on the findings, local ecological knowledge can
provide information on the changing climate especially in
under-researched areas such as theMZBR. Such information
can complement scientific data to inform policy on best
practices to build adaptive capacity of rural communities
within biosphere reserves in semiarid tropical savanna. LEK,
in particular, traditional phenological knowledge (TPK), can
be adopted to complement scientific forecasts especially
under situations where the local community recognizes that
climate is changing. Findings from this study indicate that
local ecological knowledge can provide information on
household livelihood strategies under a changing climate
especially in under-researched areas such as theMZBR. Such
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information can compliment scientific data to inform policy
on best practices to build adaptive capacity of rural com-
munities within biosphere reserves in semi-arid tropical
savanna. Integrating local ecological knowledge into climate
change adaptation and biodiversity conservation is possible
if the knowledge holders are directly engaged as active
participants in these efforts. Results from this study highlight
the need for harnessing local knowledge to enhance com-
munity resilience and promote ecosystem-based adaptation
strategies in the face of a changing climate.

Data Availability

Data can be made available subject to terms and conditions
related to open-access publication.

Disclosure

+e contents of this paper are the sole responsibility of the
authors and can under no circumstances be regarded as
reflecting the position of the European Union.

Conflicts of Interest

+e authors declare that they have no conflicts of interest.

Acknowledgments

+e authors would like to acknowledge joint funding from the
Department for International Development (DfID) under the
2015 Climate Impact Research Capacity and Leadership
Enhancement (CIRCLE) programme, the European Union
under the DREAM project, and Chinhoyi University of
Technology (Grant PG3987). Special thanks go to the Institute
of Cooperate Citizenship, Exxaro Chair in Business and
Climate Change University of South Africa, South Africa, for
hosting OLK during the CIRCLE fellowship.

References

[1] H. Reid, “Ecosystem- and community-based adaptation:
learning from community-based natural resource manage-
ment,” Climate and Development, vol. 8, no. 1, pp. 4–9, 2016.

[2] M. Macherera and M. J. Chimbari, “Developing a
community-centred malaria early warning system based on
indigenous knowledge: Gwanda District, Zimbabwe,” Jàmbá:
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Mashoko Dam is in Ago-ecological Region 4 in Zimbabwe. Five sampling sites were randomly selected and each site was sampled
twice per month, for six months. A total of 180 Oreochromis mossambicus fish (101 females and 79 males) were caught. *e fish
were examined for Clinostomum metacercariae by cutting the ventral side from the anal opening to the lower jaw. *e gill
chambers were examined and inspected visually to detect macroscopic parasites. Of the 180 fish collected during the study, 113
(62.8%) were infected by 284 Clinostomum larvae in the cranial cavity while 67 fish were not infected. Among the infected fish, 46
were males and 67 were females. Greater parasite burden and mean intensity were observed in female fish (2.7MI) than males
(2.2MI). *ere was no statistically significant difference in mean intensity of infection between male and female fish (n � 180;
t � 0.521; p< 0.05). Uninfected fish were in a poorer condition than infected fish in July and October only. *e lowest monthly
condition factor for both infected (1.8) and uninfected (1.7) fish occurred in October. *e monthly condition factors for both
infected (1.94–3.51) and noninfected fish (1.81–5.28) were greater than 1. For prevalence by total length groups, highest prevalence
(66.3%) was recorded in the medium length group (10–12 cm) and lowest (25.0%) in the (16–18 cm) length group. Highest mean
intensity (2.8) and parasite density (146 parasites) was observed in the length group (13–15 cm) and lowest mean intensity (1.0) in
larger length groups (16–18 cm and above 19 cm). Highest abundance (1.74) was recorded in the length group 13–15 cm and lowest
abundance (0.25) in the length group 16–18 cm. Parasite burden was positively correlated to fish size (total length). It was
concluded that Clinostomum metacercariae are a common parasite in Oreochromis mossambicus in Mashoko dam.

1. Introduction

Parasites are common among fishes, affecting them in
a variety of ways [1]. Fish parasites are among the key threats
to the sustainability of fisheries that support about 90million
people around the world as a source of protein and income
[2]. Parasitic infections of fish have human health, as well as
socioeconomic implications, both in developing and de-
veloped countries [3]. Parasites compete for food, thereby
depriving fish of essential nutrients and inhibiting growth
leading to morbidity and mortality with consequent eco-
nomic losses [4]. Parasites also inflict damage on the hosts,
sometimes causing gross mortalities, which can lead to great
losses in commercial fisheries and aquaculture [5]. Fish

parasites have the potential to affect fish through loss of
blood and nutrients as well as the invasion of biochemical
processes in the host fish [6]. In some cases, parasitised fish
are so unsightly that they are rejected by consumers [6].
Studying parasites contributes towards a better un-
derstanding of the ecology of a system and also helps to
develop appropriate methods of controlling them [7].

Parasites render fish susceptible to secondary infection
by disease-causing agents such as bacteria, fungi, and viruses
[8]. *e extent of fish infection by certain parasites can be
used as an early warning indicator of deteriorating water
quality [9]. *e use of indicators allows evaluating the risk of
exposure, acting as early warning systems for environmental
deterioration [10].
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*e life cycle of digeneans such as Clinostomum includes
a molluscan host, fish (second intermediate host), and
a definitive host which is usually a piscivorous bird [11].
Many species of freshwater fishes were recorded as the
second intermediate host of Clinostomum metacercariae
[12]. Juvenile fish, shallow water inhabitants, and bottom
dwellers are the most vulnerable [13]. Most freshwater and
estuarine fish are potential hosts for Clinostomum sp.
metacercariae, and some warm-water fish species such as
bluegill, largemouth, and catfish are also affected [13].
Aquatic birds also help in the dispersal of Clinostomum
larvae [14]. Piscivorous birds such as herons, egrets, pelicans,
and cormorants are the definitive hosts for many of the
Clinostomum metacercariae found in fish [15]. Paperna [6]
also reported that piscivorous birds that included the darter
(Anhinga rufa) were definitive hosts for species of
Clinostomum.

*e description of Clinostomum tilapiae was done by
Ukoli [16]. Ukoli [17] conducted life history and growth
studies of Clinostomum tilapiae.

Heavy gill infection appears to lower respiratory effi-
ciency [6]. While clinical effects of infection are usually not
obvious, sudden, massive outbreaks of infection can be fatal
[6]. In a study of parasites in the cichlid Oreochromis
mossambicus, Olivier et al. [18] noted that, although cli-
nostomid metacercariae cysts did not cause any deleterious
effects in adult fish, severe infestation of E. heterostomum in
juveniles resulted in locomotory impairment.

Echi and Ojebe [19] reported that there was a paucity of
information regarding host specificity of clinostomatid in-
fection. Generally, Clinostomum species do not display any
host specificity, they seem to be more attracted to cichlids as
compared to other species [19]. Immune resistance to cli-
nostomatid infections is low, hence making them more
susceptible to clinostomatid infections [19].

During the importation of fish, the movement and
disposal of contaminated water, containers, and other
equipment into rivers or dams contribute to the in-
troduction and transport of parasites [20].

Clinostomum metacercariae can be observed as yellow
cysts embedded in muscles or beneath the skin, especially at
the base of the tail of fins in fish but heavy infestations are
found in the body cavity, head, throat, and gills [21]. In
a study of parasites in the cichlid Tilapia zilli, Echi et al. [22]
noted that the Clinostomummicrohabitats in T. zilliwere the
buccal cavity, eye, and skin, with the highest infection oc-
curring in the buccal cavity. Clinostomum are also common
in the caudal, dorsal, and pectoral fins, on the inside surface
of the operculum and in the flesh of many fishes [21]. Di-
genetic trematodes are of great interest in many countries,
especially for human health care against transmissible dis-
eases [23].

Heavy infestations of Clinostomum (“yellow grub”) ac-
cumulate in freshwater fish which are classified by fishermen
as unfit for human consumption [5]. *e parasites are
considered one of the most common parasites infecting fish,
causing low weight, reduced marketability, and high mor-
tality [5]. Yellow grub may kill fish under some circum-
stances, but normally fish are not noticeably affected by the

parasite [13]. Clinostomum metacercariae species have
zoonotic importance in the transmission of yellow grub
disease to humans [6]. Humans get infected by the disease as
a result of ingesting raw or improperly cooked fish [6]. *e
fluke becomes accidentally attached onto the surface of the
mucus membranes of the throat and causes a clinical syn-
drome called halzoun [24]. Cooking of fish destroys the grub
without altering the flavour of the fish [24].

In Zimbabwe, there have been several studies on fish
parasites. *ese include the studies in Lake Kariba [25–29].
In these studies, Contracaecum larvae were present in the
body cavity and intestines of siluriform and cichlid fishes, as
well as the tigerfish (Hydrocynus vittatus) [4]. Douellou and
Erlwanger [28] recovered Clinostomum metacercaria in
nonsiluroid fishes in Lake Kariba. Magadza [30] reported the
occurrence of Clinostomum in Oreochromis mossambicus
and Tilapia rendalli in Lake Kariba. A study of Centrocestus
formosanus in Barbus fasciolatus was done by Beverly-
Burton [31] from Mazowe and Kadoma, while Khalil and
Polling [4] recorded the occurrence of the nematodes
Contracaecum larvae and Procamallanus laevionchus in
Clarius gariepinus from Lake Kariba.

Zimbabwe has no natural lakes but has many man-made
reservoirs, many of which support important capture fish-
eries. One of these is Mashoko dam in Masvingo Province.
Man-made impoundments are becoming important for fish
production [32].

*e quality of fish from the Mashoko dam is of concern
to fishermen and fish consumers. Fish consumers and fishers
have reported the occurrence of parasitic larvae in breams
(cichlids) from Mashoko dam. Due to these concerns by
fishers and consumers, it was necessary to study the oc-
currence of yellow grub (Clinostomum) in Mozambique
bream (Oreochromis mossambicus) fromMashoko dam.*e
objectives of the study were to determine the following:

(a) Presence of Clinostomum larvae in O. mossambicus
from Mashoko dam

(b) Mean parasite intensity (MI) of infection in O.
mossambicus

(c) *e relationship between parasitic burden and fish
sex and size (total length)

(d) *e monthly mean condition factor of infected and
uninfected O. mossambicus.

2. Materials and Methods

Mashoko dam is a man-made impoundment created in 1994
by the damming of Chenjere River [33]. *e dam was con-
structed with the goal of providing water for irrigation, for
domestic use, and for livestock [33]. It is located at geo-
graphical coordinates, Latitude 20°483′S, and Longitude
31°767′E, and has a width of 790m, length of 1.5 km, and awall
height of 19.2m [23]. *e dam has a catchment area of 1
536 km2 and a volume of 1.5 × 106m3 at full capacity, with
a surface area of approximately 70 hectares [33].

Sampling was conducted twice every month for a period
of six months (June to November 2016). Fish were caught by
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licensed artisanal local fishermen using canoes and gill nets.
*e gill nets used were 30m long with a mesh size of 76mm.
Gill nets were set overnight. *e nets were set between 1700
hours and 1830 hours and were retrieved the next morning
between 0600 hours and 0800 hours.

Data collected for each individual fish included Total
Length (TL), Standard Length (SL), sex and wet weight (g),
and infection status of each fish by Clinostomum larvae.
Statistical computations of monthly mean parasite intensity,
prevalence, and abundance were carried out using Microsoft
Excel (2013). Pearson’s correlation analysis was used to
determine the relationship between parasite burden and fish
length. *e relationship between parasite burden and sex
was determined using Student’s t-test in SPSS version 20. All
the statistical analyses were carried out at 95% confidence
interval. *e monthly condition factors (cf ) of infected and
uninfected fish were determined using the equation

cf �
(W × 100)

SL3
, (1)

whereW � weight in grams (wet/ungutted weight) and SL �

standard length in centimetres [34].

3. Results and Discussion

A total of 180 individuals of Oreochromis mossambicus (101
females and 79 males) were caught during the study. All the
fish were examined for the presence of Clinostomum par-
asites. One hundred and thirteen fish specimens were found
infected by 284 Clinostomum metacercariae.

*e occurrence of Clinostomum larvae primarily reflects
the type of habitat of their intermediate hosts (snails) or final
hosts (birds). Parasites are a natural component of the
environment, present in all ecosystems [34]. Aquatic hab-
itats offer ideal conditions for the maintenance and evolu-
tion of parasite life cycles [35]. Water provides
a physiologically stable and buffered environment for par-
asites [36]. *e viscosity of water facilitates dispersal and
survival of parasite eggs and their fragile free-living stages
[37].

Food webs in aquatic ecosystems are relatively long and
intricate and this has, in many cases, enabled the devel-
opment of complex parasite life cycles [38]. Fish play an
important role as consumers in aquatic food chains and also
offer a large surface area for encounter and colonisation
which allow them to be frequently utilized as hosts by
parasitic organisms [38]. In addition, fishes are highly
mobile, and this may be attractive to some parasites since
they create the potential for further dispersal [39]. Due to
these factors the occurrence of parasites is a common
phenomenon in aquatic ecosystems [38]. Parasites of Cli-
nostomum were prevalent in O. mossambicus as shown in
Table 1.

Conditions in water such as oxygen content and salinity,
coupled with pollutants, directly or indirectly influence both
the prospective host and the parasite, but in most cases, they
enhance survival of the parasite [35]. Man-made open waters
(dams) represent more suitable environments for comple-
tion of digenean trematode life cycles than riverine habitats

[40]. Dams also provide conditions such as higher water
temperature and lower water velocity that encourage the
presence of snails and birds [41].

Of the 180 specimens of O. mossambicus collected
during this study, 113 (62.8%) were infected with Clinos-
tomum larvae. A total of 284 parasites were recovered during
the study. A mean intensity (MI) of 2.5 worms per fish and
a maximum intensity of 16 worms per fish were recorded.

More worms were recovered from female fish than males
(Table 2). Female fish had a higher prevalence percentage of
infection than males. *e study also revealed that female O.
mossambicus had a greater parasitic load than males. Rohde
[42] noted that endoparasites infest fish sexes differently.
Helminths are mostly found in freshwater fishes where
factors such as parasite and its biology, host and its feeding
habitats, physical factors, and presence of intermediate hosts
contribute to their prevalence and intensity [43, 44]. *e
results in this study were different from the findings of
earlier researchers in some freshwater fish species. For in-
stance, more males than females of Oreochromis niloticus
and Tilapia zilli from the Asa dam, north central Nigeria,
were infected with Clinostomum tilapia larvae [45].

*e results of the t-test showed that mean intensity of
infection was not significantly different between the sexes
(n � 180; t � 0.521; p< 0.05). In a study of Neutra clinos-
tomum intermedial in O. mossambicus in the Middle Letaba
dam in South Africa, there was no marked difference in the
infestation rates between the male and female fish [18].

*e location of Mashoko dam renders it susceptible to
pollution by inorganic fertilisers from the communal areas
and sewage effluent from the police camp, business centre,
and teachers’ cottages. *is pollution could have favoured
the prevalence of the parasites. Fish in polluted waters tend
to harbour more endoparasites than those in less or un-
polluted environments [46, 47]. *is is likely due to in-
creased physiological stress in the fish due to the constant
exposure to poorer quality water [47].

*e relationship between Clinostomum burden and total
length of O. mossambicus was significant (r2 � 0.76; p< 0.05).
Previous studies on the relationship between parasite burden
and size of fish (total length and weight) have reported con-
trasting results. In some cases, there was a positive correlation
[48], while in other studies, there was no correlation [49].

Uninfected fish were in poorer condition than infected
fish in July and October only (Table 3). In this study, the
breeding stage of fish was not recorded.*erefore, it was not
possible to determine the condition of the fish during the
breeding season as condition is lower soon after breeding.
*e low condition factor in October may have been related
to breeding activities. Apart from October, the monthly
condition factor did not show any definite trend in the other
months. Since sampling was conducted for only 6 months, it
was not possible to come up with definite conclusions re-
garding the annual cycle. Some studies have reported
a higher prevalence in the dry season than the wet season,
and this was attributed to habitat contraction [19]. Other
studies of the occurrence of Clinostomum metacercariae in
Mozambique bream O. mossambicus have reported no
significant seasonal difference in infestation [18].
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*e lowest mean condition factor for both infected and
uninfected fish occurred during the month of October. In
a study in Malilangwe reservoir, south-eastern lowveld in
Zimbabwe, mean condition factor (K) values were greater
than one (1.34–9.29) forO. mossambicus,O. placidus, andO.
macrochir, C. gariepinus, and L. altivelis, while it was less
than one for H. vittatus (0.82–3.09) [50]. Condition factors
greater than 1 suggest that fish are in a healthy condition
[50]. In the current study, the mean condition factor (mean
cf.) values obtained for both infected (1.9–3.3) and un-
infected (1.8–3.4) O. mossambicus were greater than one.
*e condition factors observed in this study were similar to
those obtained in Malilangwe reservoir in Zimbabwe.

*e results indicate that, although O. mossambicus was
infected with Clinostomum parasites, it still had good condi-
tion. *e infected fish were in good condition in Mashoko
dam. Barson [51] observed that, even though heavy infestation
in fish did not affect the condition of the host, it may render the
fish unsightly and unsuitable for human consumption espe-
cially if the larvae encysted in the muscle tissues.

Fish also lose condition as they mobilise energy reserves
for reproduction.*emonthly condition of most fish species
declines during summer [52]. He concluded that there are
seasonal differences in condition of fish. A seasonal variation
in fish condition was not clearly observed in the current
study because the fish were sampled for only 6 months of the
year. *e condition factor of fish usually goes through an
annual cyclical pattern [50].

In this study, there was a positive correlation between
parasite burden and size of fish (Table 4). A similar

correlation was observed by Price and Clancy [48]. Several
studies have also reported increased parasite prevalence and
intensity with increased fish size [11, 18, 19].

In a study of Clinostomum metacercaria in Schilbe
intermedius, the prevalence of parasites increased gradually
with increased fish size, while the mean intensity was highest
in the smallest length group and lowest in the largest length
group [53]. In other studies, there was no correlation [49].

4. Conclusion and Recommendations

*e results show that Clinostomum metacercariae are im-
portant helminth parasites of O. mossambicus in Mashoko
dam with 62.8% of sampled fish having been infected [54].
More parasites and greater mean parasite intensity occurred
in female than in male fish. *e difference in mean intensity
of infection between male and female fish was not statisti-
cally significant. *ere was a positive correlation between
parasite burden and fish size (total length). *e monthly
mean condition of O. mossambicus was not significantly
different between infected and noninfected fish.

It is recommended that further studies of the occurrence
of parasites be carried out for at least two full years so as to
capture any possible cyclical and annual patterns. *e water
quality of Mashoko dam should also be studied to determine
both the physicochemical and bacteriological characteristics
since the dam receives run-off from farms as well as do-
mestic effluent from the surrounding community. Further
studies should also compare parasite occurrence inMashoko
dam (lentic environment) and the Chenjere River (lotic
environment).
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available from the corresponding author upon request.
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Table 2: Prevalence and mean intensity of Clinostomum in female and male O. mossambicus.

Sex Number of hosts examined Number of hosts infected Number of parasites recovered Prevalence (%) Mean intensity
Female 101 67 183 66.3 2.7
Male 79 46 101 58.2 2.2

Table 3: Monthly mean condition factors for infected and un-
infected O. mossambicus from June to November 2016.

Month Fish status Mean condition factor Standard dev
June Infected 3.1 0.8
June Uninfected 3.4 1.1
July Infected 3.3 1
July Uninfected 3 0.6
August Infected 3.1 0.4
August Uninfected 3.1 0.4
September Infected 3.1 0.4
September Uninfected 3.1 0.8
October Infected 1.9 0.3
October Uninfected 1.8 0.5
November Infected 3.1 0.2
November Uninfected 3.1 0.2

Table 4: Correlation between Clinostomum burden and total
length of O. mossambicus (r2 � 0.76).

Parasite species Fish species r value
Clinostomum O. mossambicus 0.87

Table 1: *e prevalence, mean intensity, and abundance of Clinostomum in O. mossambicus (n � 284).

Parasites No. of infected fish Prevalence (%) Mean intensity (SD)
Clinostomum species 113 62.8 2.5 ± 0.95
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*e aims of this study were to find out whether soil parameters (i.e., soil texture, soil pH, and available nitrogen (N) and
phosphorus (P)) and level of tannins in the bark of tree as measured by total amount of N & P in the droppings significantly
influenced Imbrasia belina distribution in the Southeastern Lowveld of Zimbabwe.*e samples were collected in February-March
2013. Standard methods were employed on 80 samples across the four tenure regimes studied. Soil pH, percentage clay, silt, and
sand were randomly measured across the four tenure regimes. *e study results revealed that soil pH (p � 0.475), % silt
(p � 0.172), % sand (p � 0.907), available nitrogen (p � 0.192), available phosphorus (p � 0.247), and the mean tannin level
(p � 0.999) influenced the distribution of Imbrasia belina in the study area. Multiple comparison analysis showed that there were
significant differences in percentage clay (p � 0.044) between Gonakudzingwa Small-Scale Farms (GSSCF) and Chikombedzi
Communal Area (CCA). However, Mwenezi Resettlement Area (MRA) and Gonarezhou National Park (GNP) results were
insignificant for percentage silt (p � 0.172) and percentage sand (p � 0.907), respectively. *e soil and foliar factors discussed are
critical in determining Imbrasia belina distribution, forest health, and vitality.

1. Introduction

An important component of forest ecosystem is its eco-
logical health status and the impact it has on sustainable
growth. Evidence available suggests that new damaging
agents are appearing at an increasing rate which could affect
future sustainability of forest resources [1]. *e effect of soil
and foliar factors on distribution of Imbrasia belina is of
critical importance so as to predict, map, and develop policy
options for sustainable management as they follow their host
Colophospermum mopane (mopane tree).

*e mopane tree is a widespread and important woody
species over much of southern Africa, between the Tropic of
Capricorn and 10° south [2]. It is a xeric species of the
savanna woodland forests, being found mostly on heavy-
textured soils in flat valley bottoms such as Zambezi,
Okavango, Limpopo, Cunene, Shire, and Luangwa [3, 4].
*e mopane tree is indigenous to most of southern African

states of Angola, Zimbabwe, northern Namibia, northern
Botswana, Southern Zambia, Southern Malawi, Mozambi-
que, and northern South Africa [4] and plays host to
Imbrasia belina (I. belina) that plays an important role in the
nutrition of rural communities as it is a good source of vital
crude proteins (63.5%), crude fats (18%), carbohydrates 11.4
(g/100 g), minerals 3.5 (g/100 g), and 543 of energy
(kcal/100 g) [5–7]. *is helps to improve the nutritional
capacities and ultimately reduces health deficiencies. *is
shows that Imbrasia belina had considerable potential for
alleviating nutritional inadequacies in rural communities,
thereby improving livelihoods of malnourished communi-
ties. A study by Timberlake [2] confirms that mopane tree
distribution follows clay-rich soils, but it is not known what
explains this relationship. Similar work by Shava [8]
modelled the spatial distribution and diversity of dominant
woody species in Zimbabwe. However, the study did not
explain what informs mopane tree distribution. *erefore,
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this study sought to establish whether the mopane tree and
hence Imbrasia belina distribution is influenced by soil and
foliar parameters. *e study hypothesized that Imbrasia
belina distribution was significantly influenced by the soil
and foliar factors, and specifically, whether soil texture
(i.e., % sand, % silt, and % clay) and foliar analysis
(i.e., available nitrogen (N) and phosphorus (P) in parts per
million (ppm) in the soil), tannins (% catechin (CE)), soil
pH, total amount of N and P in the droppings of Imbrasia
belina and how these parameters influence Imbrasia belina
distribution. *e information is important in coming up
with sustainable management decisions, which enhances
planning and mapping of the natural resource.

2. Materials and Methods

2.1. Study Area. *e study was conducted in the South-
eastern Lowveld of Zimbabwe. *e study area occupies the
region 21°00′–22°15′S and 32°30′–32°15′E and covers about
300,000 hectares in extent [9]. *e study was conducted in
four different property regimes, namely, Gonarezhou Na-
tional Park (GNP) (state property), Gonakudzingwa Small-
Scale Farms (GSSCF) (private property), Chikombedzi
Communal Area (CCA) (common property), and Mwenezi
Resettlement Farms (MRA) (state and private property).
MRA comprises Edenvale, Jabula, Nardice, and Ironwood
farms [9]. *e study site is exactly the same site the re-
searchers conducted a study on the management of non-
timber forest products harvesting with emphasis on the rules
and regulations governing Imbrasia belina access in 2013
which was published in the Journal of Agricultural Research
in 2015.

*e study area falls in natural region 5 of Zimbabwe, and
rainfall ranges between 400 and 500mm per annum with
average daily temperatures of 18° to 24°C [9, 10]. *e study
area experiences three climatic seasons: a hot dry period
from August to October, a cold dry period fromMay to July,
and a hot wet period from November to April. *e altitude
of the study area varies between 165 and 575m above sea
level [9, 11].*e soils are predominantly shallow sands of the
siallitic group derived from sandstone [9, 12]. According to
prior research by the same authors, mopane is the dominant
tree species found in the study area in association withKirkia
acuminata, Dalbergia melanoxylon, Adansonia digitata,
Combretum apiculatum, Combretum imberbe, Acacia
nigrescens, and Commiphora species [9].

2.2. Soil and Plant Tissue Sampling. In this study, random
sampling was used to establish sample locations across
the four tenure regimes of Gonarezhou National Park,
Gonakudzingwa Small-Scale Commercial Farms, Mwenezi
Resettlement Area, and Chikombedzi Communal area based
on [8] (Figure 1). *e sampling procedures were done in
very high, high, and moderate probability zones of finding
Imbrasia belina as per the probability map given below. *is
enabled random sampling to be done in the woodlands
giving each probability class an equal chance of being
sampled.

A total of eighty (80) soil samples, Imbrasia belina
droppings, leaf, and Colophospermum mopane bark samples
were randomly collected from the four tenure regimes. Of
these eighty soil samples, 20 samples of each parameter were
randomly collected from a 10m× 10m plot in each tenure
regime. Of the 20 trees randomly sampled in GSSCF, 15 were
infested with Imbrasia belina whilst 5 had no sign of
Imbrasia belina. Other tenure regimes had the following
trees infected with Imbrasia belina: CCA had 12 trees in-
fected and 8 uninfected; GNP had 8 infected and 12 un-
infected; and MRA had 7 infected and 13 uninfected. An
auger in combination with a spade was used to dig the soil to
a depth of about 30–45 cm. *e 20 soil samples from each
tenure regime were collected and labelled in terms of tenure
regimes, date, and the plot number on A4 khaki envelopes.
*e bark samples (20) from each tenure regime were col-
lected on the Colophosphermum mopane tree at about 1.3m
above ground using a machete. *e droppings of Imbrasia
belina were collected under the Colophosphermum mopane
tree found within the 10m× 10m plot. Bark and leaf
samples were collected from the same tree, and these
samples were further processed at the ICRISAT research
laboratory, which is about 30 km from Bulawayo city, for
analysis.

2.3. Soil pH Sampling Procedure. *e pH of the soil sus-
pension is a logarithmic device used to measure the acidity
or alkalinity of the soil on a scale of 0 to 14, with 0 being
acidic, 7 neutral, and 14 alkaline. *e soil pH is expressed as
the inverse log of the hydrogen ion concentration. *e soil
pH was determined according to the procedure described by
Rhoades [13].

2.4. Determination of Soil Phosphorus (P). *e soil solution
was extracted with 0.5M solution of sodium bicarbonate at
pH 8.5 [14]. *e Olsen method is suitable for a wide range of
soil types and pH values.

2.4.1. Calculation of Phosphorus Concentration. *e con-
centration of phosphorus in the sample was expressed in P

mg/kg [14] as shown below:

Figure 1: Colophospermum mopane tree probability map adapted
from [8].
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P(mg/kg) �
[(a− b) × v × f × 1000]

1000 × w
, (1)

where a � the concentration of P in the sample, b � the
concentration of P in the blank, v � volume of the
extracting solution, f � dilution factor, and w �weight of
the sample.

2.5. Available Nitrogen (N) in the Soil-Colorimetric De-
termination of Nitrate. *e determination of nitrate in the
soil was done by extracting 0.5M K2SO4 [15]. *e following
calculations were done to determine the solution concen-
trations for each unknown and the blanks. *is is achieved
by subtracting the mean blank value from the unknowns;
this gives a value for corrected concentration (C) as shown
below:

NO3−N(µg/g soil) �
(C × V)

W
, (2)

where C � corrected concentration (µg/ml), V � extract
volume (ml), and W �weight of the sample (g).

2.6. Soil Texture Particle Size Analysis. *e soil texture
particle size was analyzed by the Bouyoucos method [16].
*e hydrometer was calibrated at (20°C), and correction
factors were made in a temperature-controlled room which
was kept at the correct temperature. Sand, clay, and silt
percentage (%) calculations were performed by Bouyoucos
[16]. After measuring soil texture distributions, the soil was
assigned to a texture class based on the soil textural triangle
(Figure 2).

Within the textural triangle are various soil textures
which depend on the relative proportions of the soil par-
ticles. Users simply obtain the appropriate texture based on
the particle size distribution.

2.7. Total Nitrogen and Phosphorus in (Imbrasia belina)
Droppings. *e percentage total N and P (droppings)
represents the percent of total phosphorus and nitrogen in
the droppings by weight. *e content of total nitrogen and
phosphorus was measured in a digest obtained by treating
Imbrasia belina droppings with hydrogen peroxide
+ sulphuric acid + selenium+ salicyclic acid [17].

2.8. Block Digester Procedure to Determine N and P in
Imbrasia belina Droppings. *e mean (0.3± 0.001 g) of
oven-dried ground Imbrasia belina droppings (<0.25mm,
60 mesh) at (70°C) were weighed into a labelled dry and
clean digestion tube. 2.5ml digestion mixture was added to
each tube and the reagent blanks for each batch of samples
using distillation-titration methods. *e solution was made
up to 50ml with water, and the total N and P in the digests
was determined as outlined below.

2.9. Determination of Total Nitrogen. Acid digestion of the
Imbrasia belina droppings was achieved using the
distillation-titration methods [17]. Free ammonia was

liberated from the solution by steam distillation in the
presence of excess alkali (NaOH). *e distillate was col-
lected in a receiver (50ml conical flask) containing excess
boric acid with drops of mixed indicator. An aliquot (5ml
for Imbrasia belina droppings) of the sample solution
(digest mentioned above) was transferred to the reaction
chamber of the still and added 10ml of 1% NaOH. A steam
distillation apparatus was set up using Markham or Hoskyn
nitrogen still, and use of NH3-free distilled water wherever
possible was achieved after the procedures of Anderson and
Ingram [17].

Calculations of percentage N in Imbrasia belina drop-
pings were performed:

%N in Imbrasia belina droppings �
[(a− b)0.2 × V × 100]

1000 × w × al
,

(3)

where a � volume of the titre HCl for the blank, b � volume
of the titre HCl for the sample, V � final volume of the
digestion, w �weight of the sample taken, and al� aliquot of
the solution taken for analysis.

2.9.1. Total Phosphorus without pH Adjustment Using
Ascorbic Acid. 5ml of the supernatant clear wet-ashed
digest solution was pipetted into a 50ml volumetric
flask. 20ml distilled water was added to each flask. 10ml of
the ascorbic acid reducing agent was also added to each
flask, beginning with standards (see below). *e contents
were made up to 50ml with water, stoppered, and shaken
well. *e contents were allowed to settle for 1 hour to
permit full colour development. *e standards and sample
absorbance (blue colour) were measured at 880 nm wave-
length. Standards were pipetted according to the standard
procedures.

Calculations to determine solution concentrations for
each unknown and the 2 blanks were performed. *e mean
blank value was subtracted from the unknowns; this gives
a value for the corrected concentration (�c in subsequent
calculations):

P in sample(%) �
[c × v × f]

w
, (4)

where c � the corrected concentration of P in the sample,
v � volume of the digest, f � dilution factor, and w �weight
of the sample.

With a 10ml digest aliquot (pH adjustment technique)
and a 50ml final dilution are used for colour intensity
(absorbency) measurement,

P in sample(%) �
[c × 0.025]

w
, (5)

where c � the corrected concentration for sample solution
and w � the weight of sample taken.

2.9.2. Vanillin-Hydrochloric Acid Method for Tannin Assays.
*e principle of the vanillin-hydrochloric acid procedure of
tannin estimation is based on the Burns and Price methods
[18, 19].
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2.9.3. Calculations of Tannin Assays. A standard curve was
prepared by plotting the average absorbance readings of the
duplicate determinations against catechin concentrations in
mg/ml.

*e sample blank absorbance was subtracted from the
sample absorbance. *e absorbance reading was converted
into concentration of catechin/ml and calculated the cate-
chin equivalents (CE) (%) as follows:

[(mg catechin/ml) × volume made up × 100]

volume of extract taken × wt. of sample(mg)
. (6)

3. Results

*ere were no significant differences in soil pH across the four
tenure regimes of Gonarezhou National Park (GNP), Chi-
kombedzi Communal Area (CCA), Gonakudzingwa Small-
Scale Commercial Farms (GSSCF), andMwenezi Resettlement
Area (MRA). *e available nitrogen (N) and phosphorus (P)
were found not to be significant. However, percentage clay was
found to be significant whilst % sand, % silt, and tannin levels
were found not to have an effect on the distribution of
Imbrasia belina. Table 1 shows the parameters measured,
mean, ±standard error (SE), F value, and the significance level
of the measured 80 samples in the four tenure regimes.

In this study, both the nitrogen (p � 0.192) and phos-
phorus (p � 0.247) were found not to be significant.
However, the mean total percentage of nitrogen (p � 0.659)
and phosphorus (p � 0.919) in the droppings of Imbrasia
belina were also found not to be significant.

3.1. Soil pH. *e soil samples results from the four tenure
regimes of Gonarezhou National Park (GNP), Chikombedzi

Communal Area (CCA), Gonakudzingwa Small-Scale Com-
mercial Farms (GSSCF), and Mwenezi Resettlement Area
(MRA) are presented in Figure 3.*e soil pH (p � 0.47) in the
study area ranged between 5.0M in Mwenezi Resettlement
Area (MRA) and 6.5M in Gonarezhou National Park (GNP).

3.2. Soil Texture. *e mean, standard error, F value, and the
significance level of the different soil textures from different
tenure regimes are given in Table 1. Significant differences in
the soil percentage clay (p � 0.044) were observed between
Gonakudzingwa Small-Scale Farms (GSSCF) andChikombedzi
Communal Area (CCA).

3.3. Available Nitrogen, Phosphorus, Total P Droppings to the
Plants, and Condensed Tannin. *e available nitrogen,
phosphorus, total P, and condensed tannin of Colo-
phospermum mopane in the four tenure regimes are shown
in Figures 4–7. As for available N, the model output had
R2 � 0.9989, for available P, R2 � 0.9807, total P droppings
R2 � 0.9993, and for the condensed tannin R2 � 0.9819.

3.4. StandardGraphs forN, P, Total P, andCondensedTannin.
Standard graphs for N, P, total P, and condensed tannin are
provided in Figures 4–7.

4. Discussion

*e primary function of leaves in plants is to manufacture
sugars and carbohydrates [20]. Sugars and carbohydrates are
basic food or energy that plants use for all metabolic ac-
tivities such as growth, root development, flower, seed
production, disease resistance, and so on. *erefore,
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understanding the effect of soil and foliar analysis in Col-
ophospermum mopane distribution and Imbrasia belina
defoliation relations remains critical.

In this study, the percentage clay was found to signifi-
cantly influence (p � 0.044) the distribution of Colo-
phospermum mopane and hence Imbrasia belina in
Gonakudzingwa Small-Scale Commercial Farms and Chi-
kombedzi Communal Area. *is is in tandem with studies
by Timberlake and Mapaure [2, 4] where Colophospermum
mopane distribution was found to follow sodic soil condi-
tions. *is information is important to explain Imbrasia
belina distribution in the study area. In a related study,
Makhado et al. [21] found the distribution of Imbrasia belina
to follow the low-lying areas of southern Africa’s savannas.
Studies by Hrabar et al. [22] had shown that more detailed
tree characteristics, such as leaf size, shoot size, stem
number, and even leaf chemistry (protein to tannin ratio and
total polyphenols) had no influence on host choice.*is is in
line with findings of this research where tannin levels were
found not to influence the distribution of I. belina.

Table 1: Mean + SE, F value, and the significance level of the parameters measured.

Parameter Number of samples (N) Mean + SE F value Sig. level
pH 80 5.4312± 0.0369 0.843 0.475
Avail. N (ppm) 80 1.0086± 0.1598 1.621 0.192
Avail. P (ppm) 80 0.0004± 0.0001 1.407 0.247
% clay 80 84.7875± 0.4545 1.774 0.044∗∗
% silt 80 12.1375± 0.4414 1.709 0.172
% sand 80 2.9750± 0.1366 0.184 0.907
% CE 80 40.7434± 2.0373 0.01 0.9999
% total P 80 0.0933± 0.0030 0.166 0.919
% total N 80 0.2531± 0.0029 0.537 0.659
∗∗4.4% risk of concluding that a difference exists when there is no actual difference.
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Figure 3: Tenure regime versus soil pH.
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However, the distribution of Imbrasia belina may not
entirely be explained by the sodic soil conditions alone, but
other factors should be looked at to give the total picture of
what contributes to their distribution. One of the remarkable
features of Colophospermum mopane, to note, reported by
Timberlake [2] is its ability to formmonospecific stands with
an even-sized structure, a feature which, along with its
readiness to coppice, lends it to Imbrasia belina distribution
and aids woodland management. Colophospermum mopane
generally occurs on clay-rich soils, but it is by no means
confined to such soils alone [23–26] and indeed grows better
on deeper soils [3, 4, 27].

Colophospermum mopane is a dry species of the savanna
ecosystem of south tropical Africa, found mostly on heavier-
textured soils in the wide, flat valley bottoms of lower

altitude river valleys. It is an adaptable and successful tree
species of south-central Africa, occurring over a wide range
of ecological conditions, but being found principally in areas
of lower agricultural potential and extensive land use. *is
behavior confirms with the results of this study and gives
Colophospermum mopane an opportunity to expand its
ecological range. *ere is a direct relationship between the
management of Imbrasia belina and its distribution and how
access is governed by the existence of institutional arrange-
ments and common property management regimes [9]. A
study by Timberlake [2] reported Colophospermum mopane
occurring on sand overlying a clay-rich layer, such as found
on the deep Kalahari sands and fossil drainage lines of western
regions of Zimbabwe. Pockets of sodium-rich deep duplex
soils particularly with 700mm mean annual rainfall and
above have a better chance of supporting the growth, per-
petuation, and distribution of Colophospermum mopane.

*e mean tannin levels across the four tenure regimes
indicated that condensed tannins had no effect on the
distribution of Imbrasia belina. *e available nitrogen,
phosphorus, total P, and condensed tannin of Colo-
phospermum mopane in the four tenure regimes are shown
in Figures 4–7. In a related study by Stack and others [28], it
was observed that C. mopane does not contain hydrolysable
tannin which is widely accepted as being the primary defense
compounds against insects. *is explains the close associ-
ation between I. belina and C. mopane, while mopane
woodland often recovers within a short period after de-
foliation with little mortality, and continuous defoliation
may lead to three deaths [29]. A study by Silanikove et al.
[30] reported that the major antinutritional effect of con-
densed tannin was reduction of protein availability and
suppression of digestive tract enzyme activities. However,
condensed tannin on its own cannot explain nutritive value
of browse [31].

An explanation for the apparent lack of importance of
foliar quality could be that Imbrasia belina have various
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evolved traits allowing them to handle the foliar chemical
composition [32]. One such trait, for example, is that larvae
may compensate for suboptimal foods by increasing their
ingestion rate or duration of development [33]. Secondly,
the larvae could have various physiological and morpho-
logical traits enabling them to exploit their host plant, such
as the production of enzymes (in the gut or saliva) that
reduce the detrimental effects of potentially damaging plant
compounds [34]. A third trait applicable to Imbrasia belina
caterpillars is their gregarious feeding behavior when young,
as this is known to enhance the ability of herbivores to
exploit their host plants [35].

In this study, it is suggested for further research that in-
vitro digestibility and in-vitro gas production techniques
could be explored to determine the nutritive value of Col-
ophospermum mopane browse with respect to Imbrasia
belina. *e study found out that available P, N, total
droppings, and condensed tannin did not significantly in-
fluence the distribution of Imbrasia belina in the study area.

5. Conclusions

*e aims of this paper were to find out whether soil pa-
rameters (i.e., soil texture; soil pH, available nitrogen (N)
and phosphorus (P)) and level of tannin in the bark of tree
significantly influenced Imbrasia belina distribution in the
Southeastern Lowveld of Zimbabwe.*e results of this study
showed that soil texture influenced the distribution of
Imbrasia belina between Gonakudzingwa Small-Scale Farms
and Chikombedzi Communal Area (CCA).*is is in tandem
with studies by Timberlake and Mapaure [2, 4] where
Colophospermum mopane distribution was found to follow
sodic soil conditions. However, the distribution of Imbrasia
belinamay not be limited to sodic soil conditions alone, but
other factors may need further research to come up with
a holistic list of factors that may contribute to their
distribution.
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Communities juxtaposed to protected areas (PAs) often disproportionally accrue the costs of conservation, but they can also
receive benefits from the existence of a PA.(e extent to which local communities benefit or incur costs as a result of residing next
to PAs is of interest to conservationists and policy-makers. (is study sought to understand the costs, benefits, and attitudes of
local people living adjacent to Save Valley Conservancy (SVC), Zimbabwe.(e purpose was to determine whether benefit and loss
accrual has a bearing on the levels of illicit wildlife-based activities experienced in the SVC. Data were collected through
a household questionnaire survey and key informant interviews from April to July 2014. A three-stage sampling was adopted:
firstly, purposive sampling was employed to select wards adjacent to the SVC; secondly, random sampling was used to select
villages within the selected wards; and thirdly, systematic sampling was used to select 71 household questionnaire respondents.
Snowball sampling was used to select 9 key informants. (e study results show that the majority of locals living close to SVC are
not deriving discernable benefits and the costs of conservation are escalating influencing negative attitudes towards wildlife
conservation, thus causing them to view wildlife as a nuisance. Overall, our results indicate that conservation losses and benefit
accrual by local communities influence their attitudes toward SVC and conservation in general. We conclude that costs incurred
outweighed the benefits accrued, a situation that triggers a more negative form of reciprocity towards SVC and wildlife con-
servation. It is recommended that a more socially and economically inclusive management approach based on a stakeholder-
driven access and benefit sharing (ABS) framework be instituted to promote a more positive form of reciprocity towards SVC and
nature conservation.

1. Introduction

(e advent of colonialism in the 18th and 19th centuries in
Africa saw the twin processes of land and wildlife alienation
creating hostility to wildlife among the affected local people.
Colonialism was the entry point through which the fortress
conservation doctrine slithered its way into Africa [1, 2].(is
mode of conservation spearheaded human-nature di-
chotomy through the conceptualization of native resource
users as the conservation problem [3–5]. So Africans apart
from being ignored, were overwhelmed, manipulated, and
outmaneuvered by a conservation crusade led, orchestrated,

and dominated by white settlers. Above all, control over
natural resources was wrested from them, and livelihood
practices such as traditional hunting got criminalized
[3, 6, 7]. (e colonizers became avid gamekeepers and the
Africans the poachers. (us, the rural poor had to suffer the
consequences of living with wildlife while reaping no
benefits from wildlife conservation [8, 9]. As a result, one of
the dominant conclusions that may be drawn from the
decades of research on the social dynamics of biodiversity
conservation is that protected areas (PAs) have added
hardship to households in rural communities throughout
much of the African countries [10]. Consequently, PAs in
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Africa share common salient features: historical poor public
relations and minimal support from local communities
[11, 12]. (e land where the natives once hunted game both
for food and ritual became enclosed and privatized and what
was once an everyday practice became illicit overnight
[8, 13, 14]. Hence, PAs have been heavily criticized for
preserving nature for a wealthy elite [15]. (us, this eth-
nocentric conservation strategy characterized with exclusion
has not gained acceptance, as it works against the economic
and social interests of local people, and frequently trans-
formed wildlife from an asset into a threat and nuisance
[16–18]. Scherl et al. [19] posit that PAs should not exist as
islands, divorced from the social, cultural, and economic
context in which they are located. (us, PAs in most de-
veloping and independent countries have paid attention to
the issue of communities deriving benefits from them and
they have made this phenomenon become a more practical
and ethical necessity: practical, because to survive, PAs in the
poorer nations must be seen as a land use that contributes as
positively to sustainable development as the other types of
land-use, and ethical, because human rights and aspirations
need to be assimilated into national and global conservation
strategies if social justice is to be realized [19].

In recent years, after a period of strictly centralized
wildlife management and exclusive wildlife conservation,
there has been a commendable attempt to balance the needs
for conservation with those for rural development [20]. In an
effort to redress the colonial injustices, well-meaning con-
servationists have embraced the paradigmatic shift in the
conservation of wildlife from the historical separatist con-
servation approaches termed “conservation against the
people” by Baldus [8] to present day community-based
natural resources management (CBNRM) [20]. (us, the
modern movement in conservation now recognizes PAs to
be socioecological systems as it has been proven beyond
doubt that no PA can succeed for long in the teeth of local
opposition [21]. Beyond these advancements, narrowing
down to the Zimbabwean case, political independence has
championed the resurgence of restoring the right to own and
manage wildlife that had been denied in the colonial era to
rural communities. In this regard, the state pioneered the
Communal Areas Management Programme for Indigenous
Resources (CAMPFIRE) initiative [20]. However, the extent
to which local communities outside the CAMPFIRE-based
projects benefit or incur losses due to conservation efforts in
general is still a mystery. (e objectives of this study were
therefore to (i) establish the nature of costs incurred by
communities living adjacent to the SVC, (ii) determine the
benefits local communities derive from SVC, and (iii) assess
local communities’ attitudes towards the SVC.

1.1. Conceptual Background. (e conceptual framework
(Figure 1) explains the interaction occurring between PA
management and local communities. (e conceptual
framework is premised on the following four assumptions:

(i) Local communities seek benefits and avoid costs
(ii) Local communities are rationale beings

(iii) (e standards that local communities use to eval-
uate costs and benefits vary over time from person
to person

(iv) Relationships are interdependent and dynamic

(e proposed framework examines the relationship
between the PA management and the local communities
who are either positively or negatively affected by the PA.
Two factors that influence PA-community relationships are
identified and each of these factors affects the way PA
management and communities relate with each other. Costs
and benefits as outcomes of conservation affect the way PA
management and communities relate with each other. If
communities do not receive benefits and bear costs, they are
likely to have a negative relationship with the PA [22, 23]. If
the PA management also do not see the importance of
extending some benefits to the communities or minimizing
levels of wildlife depredation on people’s crops and livestock,
they are likely to have a negative relationship with the
communities. In an attempt to provide a fresh perspective of
assessing PA-community relationships, the framework was
developed from the social exchange theory (SET) which was
propounded by Homans [24]. (e social exchange theory
dictates that rational human beings base their behavioral
choices on maximizing gains and minimizing costs [25],
implying that if local people benefit from the existence of
a PA, they will be more likely to support conservation and
the continued existence of the PA.

2. Materials and Methods

2.1. Study Area. (e study was conducted in two wards:
Ward (3) and Ward (26) in Bikita district adjacent to the
southwestern border of SVC, southeastern Zimbabwe
(Figure 2). SVC spans an area of 3 400 km2. Up until April
2014, it was a cooperatively managed private wildlife area,
but in the month of May 2014, it was placed under the
custodianship of the Zimbabwe Parks and Wildlife Man-
agement Authority (ZPWMA). (e conservancy is located
in agroecological region V which is a semiarid area in the
South East Lowveld of Zimbabwe. Its southern boundary is
approximately 45 km northeast of Chiredzi town, whereas
the Save River and Sangwe communal lands mark its eastern
boundary. Its northern boundary lies not far from Birche-
nough Bridge, and its western boundary is formed by
a resettlement scheme on land of the former Devuli Ranch
and to the South byMatsai Communal area. It is found in the
province of Masvingo and covers two districts, which are
Chiredzi and Bikita. It is surrounded by three other districts,
which are Zaka, Buhera, and Chipinge. (e conservancy is
bordered primarily by high-density communal land (of
between 11 and 82 people per km2) [26], with some com-
mercial agriculture to the south and east.

2.2. Data Collection. A mixed-methods approach was used
in data collection; it comprised structured household
questionnaires which were administered via in-person in-
terviews; the questionnaires included both open-ended and
fixed response questions. Fixed response questions were
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used to ensure precision of responses, whilst open-ended
questions were also included to obtain more detailed
information on the nature of costs and benefits of con-
servation. (e researchers also used participatory rural
appraisal techniques particularly making use of semi-
structured interviews with key informants. (e semi-
structured interviews were used to solicit more
information. Schensul et al. [27] noted that semistructured
interviews enable respondents to provide more elaborate
and complete answers than fully structured question-
naires, and are flexible enough to allow people to explain
their views in their own words, which can be valuable in
terms of truly understanding the nature of a particular
situation.

In addition, in order to achieve successful field data
collection, a three-stage sampling design was adopted due to
the nature of the sampling frame, to select the sampling
units. (e first stage was purposive sampling, where two
wards (3 and 26) were selected from a total of eight wards
which were under consideration for sampling. Purposive
sampling was found suitable as these study sites were under
the PA-community outreach initiative and also due to their
geographical proximity to the SVC boundary. (e second
sampling stage used was simple random sampling for village
selection where five villages from eleven villages constituting

the two wards were selected (i.e., Matsai (78), Village 2
Angus (65), twenty-six (73), twenty-seven (65), and thirty-
one (69) with a total of 350 households). (e third sampling
technique, systematic sampling, was done to select 71
households where questionnaires were administered and
collected in the 5 randomly selected villages representing
20% of the targeted population; this was ensured by walking
through the village interviewing every second household. In
addition, key informants interview questionnaire guides
were administered to nine community leaders including
traditional leaders, village elders, and ward councilors, all
from the abovementioned wards through snowball
sampling.

2.3. Data Analysis. Descriptive statistics were used to
summarize quantitative data sets from household ques-
tionnaires. A nonparametric (Kruskal–Wallis-chi-square
(χ2)) test was also used to determine whether given re-
sponses on costs, benefit from and attitudes towards the SVC
differ across the five villages. Quantitative analyses were
conducted using Statistical Package for Social Sciences
version 19 for Windows (IBM SPSS Inc., Chicago, USA).
Qualitative data from semistructured interviews with key
informants were summarized into percentages, and a qual-
itative content analysis technique was used.

Perceptions,
attitudes, and behaviours

towards conservation

(–)

(–)
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Figure 1: Conceptual framework denoting reciprocity in PA-local community interface based on the social exchange theory (SET). PA,
protected area.
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3. Results

3.1. Responses from Questionnaire Interviewees on Costs
Associated with Living Closer to SVC

3.1.1. Claims to Incur Wildlife-Induced Costs from SVC.
In village twenty-six, a high proportion of respondents
(n � 14; 93%) claimed that they incurred costs from wildlife
whilst a minor proportion of the respondents (n � 1; 7%)
claimed no such costs (Figure 3). (ere was no significant
difference (KWχ2 � 9.276, df� 4, p> 0.05) in respondents
claims for incurring costs from wildlife across villages.

3.2. Nature of Costs Incurred. Respondents incur different
kinds of costs from conservation in the SVC. Most (n � 7;
64%) of the respondents in village thirty-one reported
livestock depredation to be the most prevalent cost incurred
whilst a few (n � 2; 18%) of the respondents in village (2)
Angus mentioned restricted access to natural resources as
a cost incurred (Figure 4). (ere was a significant difference
(KWχ2 � 9.980, df� 4, p< 0.05) on the nature of costs in-
curred by the local communities across the villages.

3.3. PA-Related Benefits to Local Communities

3.3.1. Claims to Benefit from SVC. Most respondents
(n � 39; 55%) mentioned that they do not get benefits,
whereas 45% (n � 32) of the respondents indicated that they
benefit from the SVC. (ere was no significant difference
(KWχ2 �1.538, df� 4, p> 0.05) on local communities’ views
in regard to deriving benefits from SVC across the villages.

3.3.2. Nature of Benefits Derived. On the nature of benefits
derived from the SVC, fifty percent (50%; n � 16) of the
respondents across the sampled villages claimed that the
renovation of local schools is the major benefit derived from
SVC, with few respondents (n � 2; 6%) pointing to borehole
drilling as the least derived benefit from the SVC (Table 1).
(ere was no significant difference (KWχ2 � 6.232, df� 4,
p> 0.05) on the nature of benefits derived from SVC across
the villages.

3.4. Attitudes toward SVC. Respondents’ attitudes toward
SVC based on the following response options: (a) “SVC is
more of a liability,” (b) “SVC is for foreign interests,” and (c)
“the relationship between SVC and the communities is bad.”

(a) Most (n � 8; 57%) of the respondents in village
thirty-one strongly agreed that SVC is more of a li-
ability, whilst a few (n � 1; 6%) of the respondents in
Matsai village strongly disagreed that SVC is more of
a liability. (ere was no significant difference
(KWχ2 � 5.230, df� 4, p> 0.05) on the ratings of
respondents attitudes based on (a) (“SVC is more of
a liability”), across the villages.

(b) Many (n � 7; 54%) of the respondents in village (2)
Angus strongly agreed that SVC is for foreign in-
terests, whereas a few (n � 1; 6%) of the respondents

in Matsai village strongly disagreed that SVC is for
foreign interests. (ere was no significant difference
(KWχ2 � 4.359, df� 4, p> 0.05) on the ratings of
respondents’ attitudes based on (b) (“SVC is for
foreign interests”), across the villages.

(c) Majority (n � 11; 73%) of the respondents in village
twenty-six strongly agreed that the relationship
between SVC and the communities is bad, whereas
a minor proportion (n � 1; 7%) of the respondents
agreed that the relationship between SVC and the
communities is bad. (ere was no significant dif-
ference (KWχ2 � 6.400, df� 4, p> 0.05) on the
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ratings of respondents’ attitudes across the villages
based on (c) (“the relationship between SVC and the
communities is bad”), across the villages, re-
spectively (Figure 5).

3.5. Key Informants

3.5.1. Knowledge of Various Laws and Policy Frameworks
5at Have Provision for Local Communities to Benefit from
PAs. Few (n � 4; 44%) of the key informants had some
knowledge of various laws and policy frameworks that could
be used to help locals derive conservation benefits from PAs.
For instance, they had basic knowledge of the CAMPFIRE-
based projects and the wildlife-based land reform policy. (e
majority (n � 5; 56%) of the informants had a little idea of any
policy-related instruments; the informants reported that the
SVC is not conducting awareness campaigns so as to equip
local communities with the basic fundamental conservation
policy issues. Additionally, all the traditional leaders, villages
elders, and ward councilors (n � 9; 100%) stated that their
knowledge of how the SVC community trust a community-
based conservation intervention functions is poor.

3.5.2. Challenges Associated with Benefiting from SVC.
All traditional leaders, villages elders, and ward councilors
(n � 9; 100%) reported that the devolution of benefits is
unclear, whereas the distribution channels are poorly de-
fined. In addition, most of the interviewees, particularly
traditional leaders and village elders (n � 6; 67%), high-
lighted that the SVC community trust is no longer functional
since there are no follow-ups being made to ensure that
communities are still benefiting. Furthermore, councilors
(n � 2; 22%) associate the current challenges with the failure
of communities to know any policies addressing the roles
PAs should play in enhancing local communities well-being.
Additionally, all the interviewees (n � 9; 100%) mentioned
that the aspect of resource nationalism through the in-
digenization of the SVC has resulted in the individual
landowners in the SVC to be less concerned with meeting
local communities aspirations and needs. (e informants
believe it is a challenge for their welfare to be addressed as
the individual landholders in the SVC are highly
antagonistic.

4. Discussion

(is study provided an opportunity for the first time to
examine the nature of costs and benefits of wildlife

conservation to local communities living in proximity to
SVC. Our results showed that there are five major costs that
are being incurred in the study area. (e most prevalent
costs experienced across the villages were crop raiding and
livestock depredation. Costs accruing to local residents can
be attributed to security issues and the results are consistent
with those of Andersson et al. [16] who observed that en-
croachment of wild animals into human settlements can be
attributed to the state of a PAs security fence. Some sections
of SVC’s perimeter fence are porous and run down; thus,
communities situated at the edge often disproportionately
bear the cost of conservation. Crop raiding has impacted on
the local communities adversely: as men, women, and
children spent most of their time guarding their fields, they
have no opportunity to do income-generating activities.
Drawing from insights by Mackenzie [28] wildlife-induced
costs lead to financial hardships for some households and
this has broader implications for development. Since many
households make their living solely from subsistence
farming, losing crops to wild animals can have serious
consequences for food security. (e high levels of wildlife-
generated costs can be due to the limited number of game
scouts involved in the guarding and control of problem
animals and the absence of strategies to mitigate human-
wildlife conflict. (ese results concur with those of Shibia
[29] at Marsabit National Reserve, Kenya.

In addition, the rate of occurrence of wildlife-induced
damage can be due to the fact that the study sites are close to
the SVC boundary. Results agree with findings by Salerno
et al. [30] and Mackenzie [28] who assert that the distance to
the PA-boundary is the primary predictor of conservation
losses experienced by local communities. Literature further
reveals that costs incurred by edge communities reduce their
support for conservation and engender resentment and
opposition to it [31, 32]; hence, biodiversity can suffer. In
support of this, Gandiwa et al. [11] put forward that illicit
wildlife-based activities have been reported to increase with
an increase in (i) costs incurred by local communities from
wildlife conservation. Local communities are rationale be-
ings and so reciprocity is contingent upon benefits received
[33].(us, the wildlife-induced costs on communities living
next to SVC are critical in shaping conservation attitudes
and ultimately behaviour. Another factor contributing to the
unprecedented levels of wildlife-induced costs could be the
marked increase in populations of large herbivores and
carnivores, particularly the African elephant (Loxodonta
africana), spotted hyena (Crocuta crocuta), and lions
(Panthera leo). (is can be a major factor as wild game
numbers in the SVC are anecdotal. (is phenomenon has

Table 1: Responses toward the nature of benefits derived from SVC across the villages.

Village (s) Bridge construction School construction Protein supplementation Borehole drilling Road maintenance
Matsai 3 1 2 0 0
26 0 3 2 1 0
27 1 4 0 1 1
31 2 3 0 0 0
Village (2) Angus 1 5 0 0 2
Total (n � 32) 7 (22%) 16 (50%) 4 (13%) 2 (6%) 3 (9%)
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been also identified by Gandiwa et al. [11] in Gonarezhou
National Park.

Furthermore, results on benefits show that a higher
proportion of the respondents from the household survey
are disgruntled with the nature of benefits derived from the
SVC. On a preliminary basis, the dissatisfaction expressed in
regard with benefits derived can be due to the awarding of
benefits at community level not household level. Other
studies have demonstrated that local people hold favourable
attitudes toward wildlife conservation when personal ben-
efits are derived from PAs [34–37]. Songorwa [38] also
postulate that communities dislike communal benefits;
rather, they enjoy them at individual and household levels.
(is is because most wildlife-induced costs (such as crop

raiding and livestock kills) are borne and felt at household
level rather than the entire community. Essentially, com-
munity benefits undermine people’s short-term needs and
create a loophole for free riders as they barely address the
question of “who pays for, and who benefits from wildlife”
[39]. Kideghesho [3] advances that benefits from conser-
vation initiatives targeting the entire community rather than
the individual households are condemned as they are termed
public goods were the culprits and nonvictims get to enjoy.
Also, given the definition of a conservancy, SVC satisfies the
definitional parameters on paper but not on the ground; as
property holders are highly antagonistic, this can be at-
tributed to the poor flow of benefits to the communities.
Depoliticizing conservation issues in the SVC is imperative
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Figure 5: Bar graphs (a)–(c) show percentages of respondents and their attitude ratings towards SVC using the Likert-type scale. Rating
scale is as follows: 1� strongly agree, 2� agree, 3�neutral, 4� disagree, and 5� strongly disagree. (a) SVC is more of a liability. (b) SVC is for
foreign interests. (c) (e relationship between SVC and local communities is bad.

Scientifica 7



so as to ensure solidarity amongmultiple stakeholders which
is vital for integrated conservation and development. Also,
failure of community leaders in particular and community
members in general to recognize laws and policy frameworks
authorizing them to profit from conservation outcomes
further impedes the derivation of concrete benefits from the
SVC.

Moreover, this study recorded that the majority of the
respondents across the villages hold negative attitudes to-
ward SVC. Negative attitudes were significantly more
common across households that had been affected by
wildlife problems. Shibia [29] and Gandiwa et al. [11] in-
dicate that communities have a widespread dislike of and
negative attitudes towards most of the common problematic
wild animals. Ayivor et al. [31] also argue that anything that
threatens a source of livelihood in local people inevitably
erodes support for conservation and garners opposition.
(erefore, since the majority of the studied house-
holds experienced wildlife problems, this justifies the neg-
ative conservation behaviour they display toward the SVC.
Gillingham and Lee [40] suggest that perceived personal
benefits must outweigh perceived disadvantages to engender
positive attitudes towards conservation. Furthermore, the
negative attitudes are due to the household economic
constraints induced by wildlife, as wildlife prey on livestock
and the amount of time communities invest in protecting
their crops and the livestock. Mackenzie [41] contends that
local communities perceived many aspects of wildlife con-
servation negatively due to costs inflicted by crop raiders and
dangerous wild animals around Kibale National Park,
Uganda.

5. Conclusion and Recommendations

Based on our results, it can be concluded that costs outweigh
benefits in local communities living adjacent to SVC and
that there are no formal benefit sharingmechanisms (BMSs),
leading to local communities having negative attitudes to-
wards SVC and wildlife conservation in general. It is rec-
ommended that costs incurred by local communities can be
offset by a number of actions such as (i) putting in place
formalized BSMs to ensure a more consistent flow of benefits
to local people living on the edge. (is is critical as Jensen
[42] argues that the economic man never performs without
incentives (no benefits no conservation); (ii) deliberate af-
firmative action where locals should be employed as a form
of benefit of living close to a PA; (iii) there is need to
document the economic, social, and opportunity costs of
SVC on local communities thus creating inventories. (ese
inventories can support the development of conservation
strategies to minimize the burden of SVC on edge com-
munities while sustainably managing biodiversity; (iv)
training local residents to promote tourism activities, this
may include training them to make arts and crafts that can
be sold to tourists. (is will earn income for the local people
and improve their livelihoods thereby creating a more
favourable climate for conservation. (e SVC management
should help to secure market for these products; and (v)
holistically, SVC authorities need to have the capacity to

embark on regular outreach programmes to dialogue with
community members and to listen to their concerns. Regular
dialogue will help induce pro-conservation attitudes, reduce
acrimony, and curtail conflict situations.
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Access to natural resources has changed over the years in Zimbabwe. At least three broad periods of biodiversity conservation,
utilisation, and access can be identified in the country, namely, the precolonial, colonial, and postindependence periods. 'is
paper reviews the relationships between human livelihoods and biodiversity conservation in the rural areas of Zimbabwe during
these periods and is informed by an extensive review of the relevant literature. A combination of historical narrative, thematic, and
content analysis was used in analysing the various documents into meaningful information addressing the objective of the study.
Traditional societies in precolonial Zimbabwe had access to abundant natural resources. However, access to these resources was
not uncontrolled, but was limited by traditional beliefs, taboos, and customs enforced through community leadership structures.
'e advent of colonialism in the late 19th century dispossessed indigenous African communities of natural resources through
command-type conservation legislation. At independence in 1980, the new majority government sought to redress the natural
resource ownership imbalances created during colonialism, culminating in some significant measure of devolution in natural
resource management to local communities in the late 1980s, though such devolution has been criticised for being incomplete. An
accelerated land reform exercise since the year 2000 has adversely affected biodiversity conservation activities in the country,
including the conservation-related livelihood benefits derived from protected areas. 'e review paper highlights the need for
a more complete devolution of natural resource ownership andmanagement down to the grassroots levels in the communal areas,
if social and ecological sustainability is to be fully realised in these areas. On the other hand, the disruption of conservation
activities in the country due to the ill-planned accelerated land reform exercise that has demarcated land for arable farming in
some of the protected areas should be held in check as a matter of urgency.

1. Introduction

Article 2 of the Convention on Biological Diversity (CBD)
defines biodiversity as:

'e variability among living organisms from all
sources, including among others, terrestrial, marine
and other aquatic ecosystems and the ecological
complexes of which they are part; this includes diversity
within species, between species and of ecosystems [1].

Since time immemorial, biodiversity has been central to
human survival [2, 3]. In prehistoric times, people more

directly relied on the diversity of life in the wild for the
provision of daily survival needs such as food, medicines,
and shelter among others. 'e advent of agriculture enabled
humans to domesticate wild animals and plants, necessi-
tating a more sedentary lifestyle which, to some extent,
reduced direct dependence on wild biological resources. 'e
advent of the industrial revolution further improved agri-
cultural production through various technologies, thereby
further reducing man’s direct dependence on the plant and
animal resources in the wild.

However, in spite of the advances in agriculture and
technology highlighted above, people around the world still
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rely on biological resources in the wild to meet their various
needs [4]. 'is is particularly so in the Less Economically
Developed Countries (LEDCs) where hundreds of millions
of people, due to poverty, still depend on wild biodiversity
for food, income, medicines, and shelter among other needs.
An estimated 1.6 billion people around the world depend on
forest resources for livelihoods, the majority of whom are
located in the tropical regions in LEDCs [5]. Increasing
populations in the poor regions of the world amid high
poverty levels are further fuelling the demand for forest
resources. It is, however, also important to note that, even in
the developed world, forest resources are still crucial in
meeting various societal needs. For example, wild plant and
animal species supply genes for the improvement of culti-
vated and domesticated species for increasing yields, tol-
erances, vigour, and disease and pest resistance [6, 7]. In
addition, of the 520 new drugs approved between 1983 and
1994, 39% were natural biological products or were derived
from them [6].

'e continued demand for natural living resources is
increasingly threatening these resources with over-
exploitation and extinction, culminating in calls to conserve
the world’s biological diversity so as to ensure their sus-
tainable use. 'e need for the sustainable utilisation of
biodiversity has resulted in the creation of various forms of
protected areas across the globe. Linkages between bio-
diversity conservation and livelihoods were recognised in
the 1970s and early 1980s culminating in the formulation of
the World Conservation Strategy, which highlighted the
finiteness of natural resources and emphasised the need for
ensuring their sustainable use [8, 9]. Recognition of the
importance of biodiversity conservation and its linkages to
global development issues was further underscored at the
1972 Stockholm Conference on the Human Environment
where the inextricable link between biodiversity conserva-
tion and human development was highlighted [10]. More
recently, the Sustainable Development Goals (SDGs) of the
2030 Agenda for a better future for humanity free from
poverty and hunger highlight the importance of sustainably
utilising natural resources towards the attainment of this
ambitious agenda.

'ere has, however, been some fierce debate among
researchers on the nature and extent of the links between
biodiversity conservation and livelihoods. Scholars like
Lockwood et al. [11] note that protected areas are detri-
mental to livelihoods through denying communities access
to traditionally used resources. Other scholars [12, 13]
highlight the importance of protected areas in sustaining the
flow of various ecosystem services upon which humans
depend for survival. Other commentators note that the
impact of biodiversity conservation on local livelihoods
depends on the contexts under which the protected areas are
established and managed [14, 15].

Access to, and use of, natural resources has changed over
the years in Zimbabwe. At least three broad periods of natural
resource conservation and utilisation can be identified in the
country, namely, the precolonial period, the colonial period,
and the postindependence period [16, 17]. 'e post-
independence period can, however, more conveniently be

discussed as two separate periods which are the first two
decades after independence (1980–2000) and the third decade
starting in 2000. While these periods represent the country’s
political epochs, they also strongly, and differently, influenced
natural resource governance andmanagement structures.'e
precolonial epoch was based on the traditional leadership and
their invisible fences; the colonial period involved an op-
pressive white-supremacist system, while the postcolonial
epoch ushered in populist governance based on majority rule.
'is paper reviews the relationship between local livelihoods
and natural resource conservation (particularly biodiversity)
in the rural areas of Zimbabwe during these three periods.

Perhaps an important question to ask is why bother
about the history and evolution of biodiversity conservation
in relation to rural livelihoods in Zimbabwe. It is generally
believed that a peep into the past is likely to enhance our
understanding of current and possible future events, phe-
nomena, and occurrences [18]. 'is thinking is more clearly
articulated by Osakwe [19] who contends that, “To be able to
appreciate fully the present, we must know something of the
past.”

'e aforementioned point makes a lot of sense partic-
ularly if one considers that biodiversity conservation ap-
proaches are constantly changing and evolving in order to
establish their relevance at any given time in history. A
historical perspective will therefore show how things have
been done in the past, the reasons for such actions, and the
resultant consequences. 'is may help in avoiding past
mistakes, thereby guiding current (and future) courses of
action towards better outcomes. 'e objective of the study is
to assess the linkage between biodiversity conservation and
human livelihoods in the rural areas of Zimbabwe and
adopts a historical perspective covering the precolonial,
colonial, and postcolonial time periods. While previous
authors have written on the history of biodiversity con-
servation and rural livelihoods in Zimbabwe, this particular
research adopts a more-than-just-story-telling perspective
and attempts to add more value to these previous researches
by coming up with policy implications on the biodiversity
conservation livelihood nexus in Zimbabwe.

2. Materials and Methods

'is review paper is informed by an extensive documen-
tary review of literature on biodiversity conservation in
Zimbabwe in relation to rural livelihoods using a historical
perspective. 'e documentary review, which included rel-
evant policies, laws, and programmes, involved careful se-
lection of documents so as to give a balanced and accurate
view regarding the evolution of biodiversity conservation in
Zimbabwe from the precolonial, colonial, to the postcolonial
periods and the impacts on biodiversity-dependent rural
livelihoods. Government ministries and departments and
organisations involved with conservation-livelihood activi-
ties in the country were among the various organisations
that were approached for the collection of documentary
information.

'e Internet was also very crucial in accessing relevant
published and unpublished secondary documents including
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peer-reviewed journal articles, books, and academic theses
using academic literature search engines such as Google
Scholar, Scopus, and Science Direct among others [20].
Various search phrases were used in searching for articles
including “biodiversity conservation and utilisation in
Zimbabwe,” “biodiversity conservation and livelihoods in
Zimbabwe,” “biodiversity conservation policy in Zimbabwe,”
“evolution of biodiversity conservation in Zimbabwe,” and
“natural resource access and use in Zimbabwe.” Preliminary
selection of an article for consideration was guided by the
article’s topic, abstract, and keywords [20, 21]. 'is was then
followed by an in-depth reading of all initially selected articles
so as to assess their relevance as information sources for the
study. A total of 46 relevant documents were finally selected
for the review process.

A combination of historical narrative, thematic, and
content analysis was employed in reviewing the docu-
mentary sources of information gathered. 'is enabled the
sorting of the large volumes of documentary data into fo-
cused and meaningful information useful in addressing the
objective of the research. 'e three historical periods
(precolonial, colonial, and postcolonial) naturally became
the themes into which gathered documentary data were
sorted and analysed, guided by the research objective.

3. Results and Discussion

3.1. Biodiversity Conservation and Use in Precolonial
Zimbabwe: Pre-1890. 'e people who settled in what is now
Zimbabwe came into the area in the later Iron Age around
AD 1000 [2]. It is estimated that the area now called
Zimbabwe contained a population of between 600,000 and
700,000 people before colonialism [16]. Bouchier’s de-
scription of the area as “a wilderness of bush and native
timber, teeming with game of every variety which found
ample feeding ground in the rich valleys and grasslands that
abound in all parts of the country,” indicates that the people
had access to abundant natural resources [2]. However,
access to these resources was not uncontrolled but was
limited by some traditional beliefs, taboos, and customs
[2, 17, 22, 23]. For example, some sites were believed to be
hosts to some spiritual forces, and it was taboo to visit these
sacred sites [23, 24]. Such sites would include mountains and
forests and visiting, hunting, collection of fruits, firewood,
and other natural products was prohibited. It was believed
that anyone who visited such sites would temporarily get
lost, disappear forever, or become insane [24]. While the
sacredness of sites is highly debatable, it is, however, clear
that such myths helped protect the natural environment as
some areas remained intact nature conservation areas.

Traditional societies in precolonial Zimbabwe also
enforced wildlife conservation by discouraging in-
discriminate killing of animals and birds. It was believed that
wanton killing of wildlife was punishable by the spirits and
control mechanisms were found in traditional taboos, to-
tems, and customs [22, 23]. For example, totemism was one
of the observed taboos where one was not allowed to eat their
totem animal [25]. Breaking such prohibitions was believed
to invite illness or the loss of teeth by the offender [24].

Totemism was a very effective wildlife conservation measure
against extinction because different groups of people would
now eat different kinds of animals thereby avoiding the
overexploitation of certain preferred species.'ere were also
taboos forbidding the killing of young animals and females
in gestation, while in some parts of the country, harvesting of
premature edible caterpillars was also taboo [2]. 'e killing
of young animals, harvesting of premature edible insects,
and the exploitation of resources before certain periods of
the year was believed to result in loss of eyesight for the
offender [2].

'ere were also taboos for protecting rare or endangered
animal species under immediate threat from extinction such
as the python, the pangolin, and certain rare fish species [2].
For example, society believed that if one killed a python, rain
would not fall, and therefore it became a protected species as
killing it was now associated with the occurrence of drought
[24]. 'e killing of such rare species could only be done with
the approval of the chief [2].

'ere were also some traditional taboos restricting the
cutting and using of certain types of vegetation. For example,
indigenous fruit trees such as Muzhanje (vapaka kirkiana),
Mutamba (Strychnos species), Mutohwe (Azanza garkaena),
and Munhengeni (ximena), among others could not be used
as firewood [22, 23]. As a way of further discouraging people
from using these trees as firewood, the trees were said not to
burn properly, did not last in the fire, and produced a lot of
chocking smoke [24]. Such explanations were merely meant
to protect these trees so as to ensure a continuous supply of
fruit that were an important part of the people’s diet [25].
Some trees such as Muhacha (Parinari curatellifolia) were
nutritionally and culturally significant [22, 23]. 'e fruit of
the tree was important for both animals and humans es-
pecially during droughts while rain-making ceremonies
were also performed under it, and thus cutting it was strictly
forbidden [24].

'e above and other traditional taboos and customs
enabled the people in precolonial Zimbabwe to live in
harmony with nature by maintaining a healthy balance
between them and their environment.'ese people were not
only close to but part of nature, acknowledging that their
very existence depended on it [2]. For this reason, no single
major environmental challenge has been reported by any
researcher to date in Zimbabwe during this period.

3.2. Biodiversity Conservation and Use in the Colonial Period:
1890–1980. 'e advent of colonialism in the last decade of
the 19th century in Zimbabwe severely disrupted the har-
mony and close ties that had existed between the indigenous
people and nature [2]. 'e white colonialists saw the in-
digenous populations as “a bunch of ignoramuses” who
feared nature and thus failed to tame it for their benefit [26].

'e newly established colonial administration soon in-
troduced protective and command type natural resource and
wildlife conservation legislation in order to preserve once
plentiful wildlife populations which had been severely
decimated by the great rinderpest epidemic of 1896-1897
combined with exploitation by slave traders, hunter

Scientifica 3



explorers, prospectors, and adventurers [27, 28]. For ex-
ample, the 1893 Game Law Amendment Ordinance made it
illegal to sell, barter, or hawk game without a licence [2, 28].
Different licences were required for killing, catching, pur-
suing, hunting, or shooting game with each licence costing
three pounds [2]. What this meant is that the local people
could no longer hunt as in the past as they could not afford
the high licence charges.

'e Game Law Amendment Ordinance was replaced by
the 1929 Game and Fish Preservation Act which gave the
governor of colonial Zimbabwe sweeping powers to control
the exploitation of wildlife [27].'e law also provided for the
establishment of Wankie Game Reserve (now Hwange
National Park), Vitoria Falls Reserve, Matobo (now Mato-
posi) National Park, and Urungwe (now Hurungwe) Game
Reserve which set the foundation for the current system of
protected areas in the country that now covers approxi-
mately 12% of the country’s total land area [17, 27, 28].
Hunting for game was banned in the newly created protected
areas and indigenous populations living adjacent to these
areas could no longer hunt for sustenance as hunting became
poaching [2]. 'e Game and Fish Preservation Act was
amended in 1938 in tune with the 1933 International
Convention for the Protection of the Fauna and Flora of
Africa which made additional provisions to control trade in
wildlife products and the movement of trophies [27].

While the above laws resulted in the recovery of wildlife
populations, such population increases also threatened
human settlement and commercial cattle ranching by
competing for grazing and harbouring pests and diseases
[27, 28]. Some cattle farmers declared that they could not
continue “farming in a zoo” [29]. Consequently, large-scale
hunting to eradicate large mammals for the control of the
spread of tsetse fly and diseases was introduced in 1920 and
continued through the 1960s [27, 28]. Approximately 680
000 wild animals were killed between 1919 and 1960 in this
exercise [17].

Perhaps the most influential land use planning and
administrative intervention that disposed and alienated
indigenous people in colonial Zimbabwe from the natural
resources they had always enjoyed was the Land Appor-
tionment Act of 1930 [30]. 'e Act divided all the land into
European areas, African native reserves, and other areas.'e
gradual implementation of the Land Apportionment Act
eventually led to the emergence of a landholding structure
where only 4,800 large-scale white commercial farmers
occupied 11.2 million hectares of land while one million
communal-area families occupied only 16.3 million hectares
[2]. In addition, 74% of the native reserves or communal
lands were located in the marginal agricultural areas while
the white commercial farmers were mainly allocated land in
the prime agricultural areas [2].

Legislative controls were also established so as to govern
use of natural resources in the native reserves or communal
areas. 'e 1928 Native Reserves Forest Produce Act re-
stricted access to forest products for native reserve residents
to own use only [23]. 'e sale of forest products was only
allowed through the issuing of a permit. Movement of forest
products between communal lands was also restricted [31].

Native reserve residents were also prohibited from
exploiting protected forest areas within their lands [22, 31].
'e Native Reserves Forest Produce Act also prohibited
Africans from exploiting reserved tree species in their lands
[31]. In addition, the Act prohibited natives from using
forests within their lands where commercial licences had
been granted to concessionaires [16, 22]. 'e Native Re-
serves Forest Produce Act thus made it very difficult, if not
impossible, for indigenous Africans to use woodland re-
sources in the reserves. It is important to note that most of
the restricted tree species included important fruit and agro-
forestry species [16]. While a strict regulatory framework for
natural resource use was imposed on the African population
through the Native Reserves Forest Produce Act, voluntary
regulation was encouraged in the white farming areas mainly
through the Forest Act of 1948 [22, 23, 31]. 'ese acts re-
flected the prevailing ideology of racially determined leg-
islative controls [31].

'e period 1960 to 1980 witnessed some major changes
in the perception of wildlife in colonial Zimbabwe [27]. For
example, there was a growing international interest in
wildlife as a source of protein in Africa which contrasted
sharply with colonial policies of wasteful slaughter of large
numbers of wildlife on cattle ranges and in tsetse control
operations [27]. On the contrary, taking advantage of the
rising international interest in African wildlife and a rising
demand for wildlife products and tourism, the private sector
increasingly demanded control over wildlife [27, 32]. Such
mounting tensions over wildlife resulted in the reexami-
nation of wildlife management and conservation in the
country culminating in the development and promulgation
of the Parks and Wildlife Act of 1975 which devolved re-
sponsibility for wildlife to the private landowner
[17, 27, 33, 34]. According to [35], the granting of appro-
priate authority to the private sector was also intended to
solve three other pressing concerns in the wildlife sector.
First, there was a realisation that wildlife populations within
some protected areas were increasingly becoming isolated as
migration routes had been severed. Second, the transfer of
wildlife responsibility would ease pressure on dwindling
budgets for wildlife management. 'ird, wildlife was be-
coming more and more subject to personal interests and
power struggles in the government and involving the private
sector would help ease such tensions [35].

'e Parks and Wildlife Act, however, did not confer
ownership of wildlife on landowners. 'e predominant legal
code in southern Africa is Roman Dutch Law where the legal
status of wildlife is res nullius, meaning that wildlife belongs
to no one but the state [27, 33]. Once an animal crossed the
fence of a private landowner, it immediately ceased to be
theirs.'e Act therefore only gave incentives for landowners
to manage and benefit from wildlife resources on their lands
[27].

'e Parks and Wildlife Act laid the foundation for the
initial and subsequent development of the wildlife industry
in Zimbabwe. According to Bond and Cumming [27], it was
not until some wildlife ranches diversified into commercial
safari hunting that wildlife became a viable alternative to
beef production.
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Unfortunately, the appropriate authority for managing
and utilising wildlife conferred to private landowners
through the Parks and Wildlife Act was not extended to
the communal areas [16, 27]. Instead, the Act allowed for the
devolution of appropriate authority for wildlife in the
communal lands to a designated officer, the Secretary for
Internal Affairs responsible for administering communal
lands, who delegated it to the District Commissioners [16].
'is meant that indigenous Africans in the communal lands
remained with no access to natural resources in their lands
in stark contrast to the white private landowners who could
now freely utilise wildlife resources on their lands.

Perhaps, the only major attempt towards allowing in-
digenous Africans in the communal lands to use and benefit
from natural resources during colonialism was the Wildlife
Industries New Development for All (WINDFALL) project
in the late 1970s [27, 34]. 'e primary objective of
WINDFALL was to model the success registered in com-
mercial wildlife ranching to communal areas and to reduce
human-wildlife conflicts that were becoming common [17].
Under WINDFALL, meat was returned to surrounding
villages from elephant culling. 'e experimental project
failed mainly because of local community marginalisation,
ambiguity, negative perceptions, and retention of revenue by
government agencies including the Department of National
Parks and Wildlife Management (DNPWLM) and Rural
District Councils (RDCs) [17, 27].

'e colonial period in Zimbabwe thus resulted in the loss
of access to natural resources by indigenous African com-
munities who had depended on these for centuries for their
sustenance. 'ese resources were now under the control of
white settlers through “accumulation by displacement.”
Natural resources in the white-owned areas were largely
underutilised, while overcrowding in the communal areas,
coupled with high poverty levels and taxation, resulted in
overexploitation of resources in spite of the various resource
access and use restrictions that were imposed. Colonialism
also disrupted the sustainable traditional natural resource
management and utilisation institutions that the indigenous
Africans had developed over a long period of time. Addi-
tionally, settler actions such as the decimation of large
numbers of wild animals considered as pests and the
opening up of large tracts of land for agriculture, mining,
and settlement set the foundation for the socioeconomic and
ecological challenges the country is facing today.

3.3. Biodiversity Conservation and Use after Independence:
1980–Present. 'is section explores natural resource access
and use after independence in Zimbabwe. In particular, it
looks at wildlife conservation and use on private and
communal lands and the impact of the fast-track land re-
form on biodiversity conservation and livelihoods.

3.3.1. Wildlife Conservation and Use on Private Lands.
'e passing of the Parks and Wildlife Act of 1975, which
devolved appropriate authority over wildlife to landowners,
laid the foundation for private wildlife conservation in
Zimbabwe. While the government remains responsible for

wildlife within the Parks and Wildlife Estate, wildlife con-
servation has increasingly been transferred to the private
sector since the 1970s through policies that encourage the
devolution of authority and responsibility for wildlife to the
landholder, coupled with the definition of wildlife as an
economic resource [35].

'ough the roots of private wildlife ranching in Zim-
babwe can be traced back to the 1970s, its real growth and
establishment was experienced after independence partic-
ularly in the 1980s up to the late 1990s. While security of
tenure, which remained guaranteed after independence
through the Lancaster House Agreement, was a necessary
condition for the management of wildlife by farms in the
large-scale commercial farming sector, it was not a sufficient
factor for the successful establishment of the wildlife in-
dustry [27]. Changing macroeconomic conditions and the
growth in live game sales and tourism in the 1990s improved
the incentive structure for wildlife which saw many farms
increasingly allocating resources to the management of
wildlife [27, 36]. A decline in beef prices and severe droughts
in the early 1990s, coupled with the collapse of the
Zimbabwean dollar and a broader shift towards export-
oriented agriculture, also greatly increased the popularity
of game ranching [36].

In addition, a research programme in the 1980s and
1990s coordinated by the WWF on multispecies systems of
animal production across the country revealed highly
favourable comparisons of the wildlife industry’s prospects
with those of beef production [33, 36, 37]. 'e average fi-
nancial return on investment of wildlife enterprises was 10%
for Natural Regions III and IV while it exceeded 10% for
Natural Region V [27, 33]. In contrast, the average return on
investment to cattle was below 5% in all natural regions
against a 10% level considered profitable by the survey [27].
'e significant changes in land use, where ranchers des-
tocked cattle in favour of wildlife during the period 1990 to
2000, fully substantiated the results of the WWF survey
[27, 37, 38]. A further indicator of the relative viability of
wildlife over livestock production systems was the formation
of wildlife conservancies such as the Save Valley, Bubiana,
and Chiredzi River [36, 37]. By 1994, wildlife ranching was
one of the fastest growing new uses of commercial farmland
in Zimbabwe, emerging into a robust and diversified wildlife
sector by 1997 [27, 33, 39].

'e rapid growth and establishment of the private
conservation sector, particularly after independence, was an
important development for the Parks and Wildlife De-
partment for both economic and political reasons [35]. As
shown earlier, it became increasingly clear in the 1980s that
conservation budgets were no longer able to keep pace with
spiralling conservation costs and hence, wildlife conserva-
tion on private lands presented itself as an effective cost-
saving management plan. In addition, the giving away of
some control over wildlife to private individuals and groups
was a political move by the Parks Department to prevent the
growing corrupt use of wildlife by certain elements in the
Department, Ministry of Environment and Tourism and in
government [35]. So, prior to 2000, there were 669 game
farms and conservancies registered with the Wildlife
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Producers Association of Zimbabwe with a combined area of
2.5 million hectares and constituting at least 20% of the
country’s commercial farmland (about 5% of the country)
[39].

'e development of private conservancies and game
ranching in the large-scale commercial farming sector was,
however, criticised for perpetuating the existing unequal
distribution of land and economic power [33, 35, 36]. Po-
litical and historical factors saw white commercial farmers
becoming the main beneficiaries of the development of the
conservancies and game ranches due to colonial policies
which reserved the best land for European Areas [35].
Additionally, there was no regulatory framework for the
rapidly growing conservancies, and thus, they were viewed
as attempts by white commercial farmers to hide and pri-
vatise a national resource [36]. Due to the above and other
reasons, some elements in government treated the transfer of
appropriate authority over wildlife to private landowners
with caution.

'e expiry of the Lancaster House Agreement in 1990,
and the subsequent enactment of the Land Acquisition Act
in 1992, presented a major threat to wildlife ranches and
conservancies as government could now easily and com-
pulsorily acquire any land for resettlement [40]. In 1995, the
then Minister of Environment and Tourism stated that
conservancies had to be closely monitored in order to
prevent them from threatening food security as they were
developing in areas suitable for both commercial and sub-
sistence crop production [35, 36]. 'is was followed in the
same year by a similar statement from the then Deputy
Minister of Lands andWater Resources pledging to curb the
expansion of game farming as it threatened to swallow up
the country’s crop lands [35].

In response to the growing threat to their survival, game
ranchers attempted various survival strategies. Recognising
that failure to indigenise would ultimately threaten their
long-term survival, the white commercial wildlife ranchers
tried to attract black entrepreneurs into their ventures [35].
In a move to gain some political and social legitimacy, others
responded with some “community trust” and “neighbour
outreach schemes” through activities such as, inter alia,
borehole drilling, school fee handouts, and access to sacred
areas for the neighbouring communities [36]. However, in
spite of suchmoves, wildlife continued to be perceived by the
wider Zimbabwean society as a white-controlled area of the
economy [33, 35, 36]. 'e neighbour outreach schemes were
criticised as cosmetic attempts to maintain the status quo or
as “strategic tokenism” for attracting donor funding [36].

So, prior to the fast-track land reform programme in
2000, game farms and conservancies as a conservation
strategy were viewed by many in government as a hangover
from the colonial period perpetuating a racially unequal
distribution of land and resources. Despite the above con-
troversies surrounding private wildlife ranching in Zim-
babwe, it is clear that a switch to wildlife farming proved to
be quite successful both as a profitable form of land use and
as a tool for the effective conservation of wildlife resources in
the country. 'e neighbour outreach schemes by private
conservancies have also relatively contributed to livelihood

enhancement for communities bordering these protected
areas.

3.3.2. Wildlife Conservation and Use in the Communal
Farming Sector: CAMPFIRE. In parallel with the politically
controversial development of game ranching on large-scale
commercial farms, there have been attempts by the state,
since colonial times, to disburse wildlife revenue and devolve
authority to local communities in the communal areas
[17, 34, 36, 41].'is eventually culminated in the nowworld-
renowned CAMPFIRE programme explored in this section.

'e concept of CAMPFIRE has its origins in the 1970s
withWINDFALL that tried to emulate successes with the use
of wildlife on large-scale commercial farms [31, 41, 42].
However, WINDFALL failed as it did not propose new
tenure arrangements regarding the wildlife resources and
shared the financial revenues from safari hunting with
district authorities and not their constituent village-level
communities [34]. It was a top-down programme without
the participation of the people in areas with wildlife, with all
decisions coming from government agencies [34, 43, 44].
CAMPFIRE was born out of the Sebungwe regional plan-
ning exercise in the early 1980s after a realisation that the
development of the Sebungwe area (Binga, Gokwe and
Kariba Districts) would have to be based on wildlife uti-
lisation as much of the region is not suitable for arable
agriculture [44].

'e legal mechanism through which CAMPFIRE now
operates was the granting of appropriate authority to District
Councils through the amendment of the Parks and Wildlife
Act (1975) in 1982 [34, 41, 45, 46]. 'is allows revenues
derived from wildlife, through safari operators, hunting
concessions, and trophy fees, to be accrued by the council
rather than central treasury, which in turn increases in-
centives for councils to invest in wildlife-based revenue-
earning activities. 'e gross wildlife revenue received by
district councils is allocated to wildlife management activ-
ities, district council levies, and wildlife producer wards [45].
'e revenue devolved to subdistrict levels, mostly to wards,
provides the financial incentive for individuals and house-
holds to participate in the common management of wildlife
[16, 42, 45]. It was hoped that devolution of appropriate
authority would eventually be extended to wards and finally
villages, but there are no legal mechanisms to allow this as
yet [35].

'e CAMPFIRE programme has realised several re-
markable achievements since its inception in 1989. Eco-
nomically, total annual income from safari hunting
increased rapidly from US$350 000 in 1989 to US$2 million
in 2001 [47]. During the same period, CAMPFIRE areas
earned a total of US$20.3 million [38, 41, 47]. 'rough the
multiplier effects, this earned the country over US$100
million [47]. A significant improvement in marketing and
a steady increase in hunting quotas accounted for the im-
pressive growth in CAMPFIRE revenue during this period
[42, 47].

Another important indicator of the economic success of
CAMPFIRE has been the gross annual benefit for
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communities in CAMPFIRE areas [27, 42]. 'is increased
steadily from an all-time low of 38% in 1990 up to 59% in
1995 with revenue retained by councils declining remarkably
[47]. However, the revenue disbursed to communities
suddenly went down to less than 50% after 1996, eventually
getting back to the 1990 level of 38% by 2001, with councils
now retaining around 40% of CAMPFIRE revenue thereby
adversely reducing benefits to the local communities [47]. In
spite of the decreasing trends, the revenue that was disbursed
to communities from councils was instrumental in funding
various community development projects including the
building of schools and clinics, the purchasing of grinding
mills, and the sinking of boreholes among other develop-
ment activities. Some of the revenue disbursed to com-
munities was paid out as household dividends though, and
compared to agricultural production, the cash benefits from
wildlife in most wards were merely supplementary to crop
and livestock production [16]. Only a few wards with low
human population densities and endowed with higher
wildlife populations produce significant annual household
cash dividends [27, 48].

'e CAMPFIRE programme has also immensely con-
tributed to the conservation of biodiversity in Zimbabwe
[42, 48, 49]. CAMPFIRE protects an area of land roughly
equivalent in size to Zimbabwe’s Parks and Wildlife Estate
[47]. According to Duffy [35], when CAMPFIRE protected
areas and ranches under wildlife are added to the Parks and
Wildlife Estate, the area of land under wildlife comes up to
33%. 'is is apparently a major indicator of the successful
impact of the CAMPFIRE programme to biodiversity
conservation in Zimbabwe.

Despite its achievements, CAMPFIRE has also been
criticised on a number of areas. 'e main criticism of
CAMPFIRE has been its failure to devolve appropriate
authority to subdistrict levels. 'e CAMPFIRE concept was
founded on the principles embodied in the 1975 Parks and
Wildlife Act that had devolved authority over wildlife to
large-scale freehold commercial farmers [38, 47]. 'rough
the Act, freehold farmers and ranchers were transformed
into proprietary units for wildlife with the ability to make
significant management decisions including the right to
hunt, to allow someone else to hunt, to buy and sell game, to
carry out trophy hunting, and to accrue all benefits derived
from these activities [35, 47]. Similarly, CAMPFIRE
founding documents aimed at an institutional change that
would grant residents in communal areas territorial rights
over defined tracts of land; custody and responsibility over
natural resources; and the right to benefit directly from the
exploitation of the natural resources on their land [38, 46].
CAMPFIREwas thus originally intended to be a rights-based
approach that would give communal-area residents signif-
icant de jure control over their land and natural resources
[47, 50] through, as [46] puts it, natural resource co-
operatives or village companies.

However, the implementation of CAMPFIRE saw
a number of compromises being made, with appropriate
authority for the formal control over wildlife eventually being
devolved to RDCs rather than to subdistrict local commu-
nities as had originally been envisaged [17, 38, 41, 51, 52].

'ere were no legal mechanisms to enable the devolution of
appropriate authority to wards and villages as the RDC is the
lowest recognisable legal entity [35, 50]. 'e institutional
context of the country’s communal lands is such that there are
no community level governance institutions with rights over
a defined area of land [38, 52]. 'e granting of appropriate
authority to RDCs gives them, rather than local communities,
the power to sign contracts with hunters and to accrue all the
generated income. CAMPFIRE Revenue Guidelines stipulate
that the RDC cannot keep more than 15% of the revenue to
cover their overheads; RDCs may receive a maximum of 26%
of revenue to be spent on wildlife management activities such
as law enforcement and monitoring; and the CAMPFIRE
Association may receive 4% of gross revenue as a levy from
councils, leaving producer communities with only 55% of
gross revenue [35, 47]. 'is has degraded the local incentive
for investing in wildlife production and conservation among
communal area residents considering the huge opportunity
costs they incur, including damage to crops by wild animals,
and has emerged as the chief critique of CAMPFIRE [38, 53].
'e ultimate goal of CAMPFIRE is for producer communities
to receive 80% of all the revenue generated with the RDCs
retaining not more than 20% [35], and this has not been
realised as yet.

'e recentralisation of powers and revenue to the RDC
level was also partly as a result of the Economic Structural
Adjustment Programme (ESAP) which resulted in budget
cuts for all government departments [35]. Diminishing
budget allocations from central government resulted in
RDCs increasingly becoming unwilling to devolve appro-
priate authority for wildlife to producer communities [35].
'e granting of appropriate authority over wildlife to RDCs
instead of producer communities therefore represents
a major structural and implementational shortfall within the
CAMPFIRE concept and is indicative of the resistance of
political and economic elites to give up access and benefits
that accrue from the wildlife resources [17, 54, 55]. Because
of limited rights to land and natural resources, communities
have little discretion to determine actual resource use and
only have rights to part of the revenue generated from re-
source exploitation by external interests and often cannot
participate in that exploitation themselves [34]. Such natural
resource decentralisation reforms can best be described as
“charades” due to a lack of substantive depth of institutional
reform on the ground to match the rhetoric of decentral-
isation, devolution, and local empowerment [38, 56–58].
'ese limitations are recognised by some new regional
initiatives such as recent tourism joint venture models being
developed in South Africa that are based on enabling
communities to gain equity at all levels of the game lodge
tourism industry on the basis of secure rights to land on
which game lodges are developed [34]. In another regional
example, CBNRM in Botswana has witnessed a more
complete devolution of the benefits from wildlife to com-
munity trusts which are recognised legal entities thereby
giving communities greater leverage over the use of re-
sources and the benefits derived from such use [50, 59, 60].
Namibia has also sought to extend authority over wildlife to
communal lands by passing some legislative reforms in 1996
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which enabled communities to form their own self-defined
“conservancies” with direct proprietorship over wildlife [38].

However, the communities in which CAMPFIRE is taking
place are by no means homogenous. One of the challenges to
the CAMPFIRE programme has been the emergence of some
elites within the local communities participating in CAMP-
FIRE, desiring to appropriate to themselves some of the fi-
nancial and other benefits accruing to the communities. For
example, chairpersons and committee members of local
CAMPFIRE committees have reportedly abused accrued
CAMPFIRE revenues in some areas while, in other cases, the
traditional leadership has reportedly taken over control of
a supposedly community project [61, 62]. In other cases, still,
community political fault lines have not spared CAMPFIRE
projects [60]. Such internal power struggles within CAMP-
FIRE participating communities have been highlighted as
a red flag by opponents of complete devolution, who have
taken such occurrences as important indications that sub-
district governance structures are not effective.

3.3.3. 5e Accelerated Land Reform and Its Impact on Bio-
diversity Conservation and Use. Zimbabwe has undergone
significant and far-reaching political, economic, ecological,
and social upheavals since adopting the accelerated land
reform exercise in 2000, which has seen the country
descending into a state of protracted crisis [21, 62]. 'is has
seen its relatively strong economy reduced to being one of
the weakest in the region, with a once reasonably well-
functioning bureaucracy weakened [62–64]. In light of the
above, the fast-track land reform programme has brought
with it adverse impacts on biodiversity conservation activ-
ities in the country [21, 65], and this section shall con-
centrate on the impacts of the accelerated land reform
exercise on private conservancies and game ranches and
CAMPFIRE areas.

As a recap, it is important to note that before the fast-
track land reform programme in 2000, private wildlife
conservation had become well established in Zimbabwe.
However, as shown earlier, the state viewed the wildlife
sector with suspicion and argued that wildlife production,
which requires large blocks of contiguous land, was in-
compatible with land reform and tended to perpetuate
colonial land imbalances.With the coming of the accelerated
land reform in 2000, the private wildlife sector was certainly
not spared. Records indicate that 655 game farms and
conservancies were acquired (wholly or partially) for
resettlement during the fast-track land reform period [39].
Some of the acquired game ranches and conservancies
continued with wildlife activities while others were partially
or wholly converted into agricultural land [27, 39]. For
example, Bubiana Conservancy, measuring 84,803 ha ceded
more than 17,000 ha for the AI farming model, while Bubye
River Conservancy ceded 5,600 ha also for AI resettlement
[39]. 'e Save Valley Conservancy in Chiredzi, one of the
largest private conservancies in the world, also lost some of
its area to resettlement. 'is was in line with Statutory
Instrument 288 of 2000 which set out maximum permissible
farm sizes per agroecological region [66].

While there is generally a dearth of information on the
current status of wildlife on the game farms and conser-
vancies, unconfirmed reports indicate that species pop-
ulations declined by between 30% and 80%, mainly as
a result of inadequate supplementary provisions such as
water and feeds and illegal off-take and inadequate security
on those acquired farms and conservancies where the
wildlife land use system was maintained [39]. 'e UNDP
estimates that about 40% of wildlife was lost as a result of
change from wildlife management to agriculture [39].
Hunting and cutting down of trees by the new farmers so as
to open up virgin lands for agriculture, reduce competition
for grazing from wildlife, and protect livestock from pre-
dation were some of the main reasons for the decline in
wildlife. 'e elimination of wildlife by the new settlers was
also a way of protesting against the historical loss of land
where every black African was stereotyped as a potential
poacher and every white man a land robber, a concept that
has been termed “ecoretribution” [65].

'e fast-track land reform process has also had several
important impacts on CAMPFIRE. Firstly, the effective
destruction of institutions for the control of land and natural
resources in the large-scale commercial farming sector has
also beenmirrored in the communal farming sector, severely
undermining some of the evolving institutions for the
control andmanagement of wildlife and wildlife habitat [27].
In addition, the demand for land created by dein-
dustrialisation and movement of labourers off large-scale
commercial farms has further exacerbated the situation [27].
Resultantly, wildlife habitat is now under greater pressure
than that at any time since the start of CAMPFIRE in the late
1980s [27]. Secondly, the fast-track land reform process
resulted in a shift in attention towards the large-scale
commercial farming sector. 'is has reduced the atten-
tion that is needed to resolve the ongoing land and natural
resource problems within the communal areas of Zimbabwe
[27].

Perhaps one of the greatest impacts on CAMPFIRE, of the
fast-track land reform exercise and the ensuing political and
economic turmoil, is related to the decline in tourist arrivals
into the country owing to increased negative international
publicity [65]. 'is has seen trophy hunting declining
markedly in many CAMPFIRE areas thereby depriving
impoverished rural communities of a significant source of
income [65, 67]. It is important to note that much of the
income from CAMPFIRE has been instrumental in various
community development projects such as schools and clinics,
in addition to being paid out as household dividends which
acted as a significant add-on to other livelihood activities such
as crop and livestock production [36, 65, 67]. Inflation rates
reached 1700% by 2005 while record hyperinflation overtook
the economy by 2008, rendering the Zimbabwean dollar
virtually worthless [62]. Under such circumstances, the losses
to inflation of CAMPFIRE cash benefits weremassive, thereby
undermining community investment projects, in addition to
rendering as worthless any household cash dividends [62].
While the Reserve Bank of Zimbabwe has scrapped the
Zimbabwean dollar and adopted amulticurrency system since
the later part of 2009 as a way of arresting spiralling inflation,
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tourist arrivals have remained low due to the country’s
continued negative international publicity, though, of late, the
situation seems to be improving gradually.

'e economic decline following the fast-track land re-
form programme also saw many RDCs, as the appropriate
authorities for wildlife management, holding on to most of
the revenue generated through CAMPFIRE as they were
now facing financial challenges [47, 62].'e absence of other
income or taxable options has presented itself as a strong
disincentive for fiscal devolution in CAMPFIRE by RDCs
[62, 68]. 'e reduction in the flow of benefits down to
subdistrict levels in turn has reduced the incentive for
wildlife conservation among many CAMPFIRE communi-
ties leading to an increase in illegal off-take in many areas.

While the area under wildlife was declining in Zimbabwe
after the fast-track land reform programme, particularly for
private conservancies and game ranches, the opposite was
taking place in other countries in the region [27]. For ex-
ample, land under wildlife expanded by 40% in Namibia and
by 10% in Mozambique and Zambia between 1996 and 2000
[27].

4. Conclusion and Recommendations

'e paper has reviewed biodiversity conservation in Zim-
babwe in relation to livelihoods. 'e review has shown that
biodiversity conservation in the country went through
various periods, which also affected the livelihoods of
biodiversity-dependent rural communities. 'e precolonial
period represents an era when access to natural resources by
indigenous populations was unlimited, with people and their
natural environment coexisting in harmony. 'e colonial
period was characterised by the appropriation of land by
white settlers, culminating in racialised natural resource
ownership and utilisation and loss of livelihoods by dis-
placed indigenous peoples. 'e arrival of independence
witnessed a rapid growth of private wildlife conservancies
and also some devolution in natural resource management
to local communities from central government through the
CAMPFIRE programme.

'e review paper highlights some important implica-
tions that are seminal to the attainment of a more sustainable
biodiversity conservation and utilisation regime in Zim-
babwe. Firstly, the paper has shown that ownership of re-
sources is key to successful biodiversity conservation. A view
now commonly held within conservation circles is that,
when people own natural resources, either individually or as
a clearly defined community, they are more likely to sus-
tainably utilise those resources. It was partly due to this sense
of ownership that sustainable resource conservation and use
was realised during the precolonial period. Additionally,
private landowners during the colonial period were also able
to sustainably utilise resources on their lands. 'is is in clear
contrast with the unsustainable natural resource manage-
ment situation that subsequently developed in the com-
munal areas during and after the colonial period, where the
people had been dispossessed of the resources they had
traditionally owned and exploited. While some measure of
devolution in the ownership and management of natural

resources in the communal areas has been effected through
CAMPFIRE, the need for a more complete devolution of
resource ownership and management is apparent, if
CAMPFIRE is to be fully sustainable both socially and
ecologically. Devolution has to reach the lowest possible
levels truly representing local community institutions, with
communities having full ownership, access, and manage-
ment of the resources and the benefits thereof. It is sad to
note that other countries in the region such as Botswana,
Namibia, and South Africa that came much later than
Zimbabwe in CBNRM initiatives have adopted more
complete devolution pathways ahead of Zimbabwe, with
such initiatives characterised by higher levels of socioeco-
nomic and ecological sustainability for the communities
involved. However, such devolution should also ensure that
adequate measures are taken so as to avoid the taking over of
community project benefits by emerging new elites at the
grassroots level.

'e ill-planned fast-track land reform exercise has,
apparently, been detrimental to both biodiversity conser-
vation activities and the livelihoods of biodiversity-
dependent communities in Zimbabwe. 'is is especially
when some of the country’s protected areas were wholly or
partially converted into arable land, in spite of the un-
suitability of such fragile and marginal areas to cultivation.
Considering that such areas are only suitable for wildlife
conservation, the people who have been settled in these areas
for crop production should be moved to areas more suitable
for arable farming [69], leaving these areas exclusively to
wildlife management activities.
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Giraffe (Giraffa camelopardalis) is one of the flagship herbivore species in the savanna ecosystem and is of high conservation value.
Management of the species under diversified ecosystems, particularly, their introduction in new ecosystems is of great concern,
given that limited information is available of how the species acclimatizes to new ecosystems and which forage species it selects.
)e objectives of the present study were to (i) identify woody plant species selected by the recently introduced giraffes and
(ii) determine whether there were differences in woody plant diversity between the dry and wet seasons in Umfurudzi Park,
northern Zimbabwe. Forage selection and woody composition data were collected from a herd of giraffe between May and
December 2016, using the focal observation method in an enclosure within the study area. A total of 106 observation plots were
established. Our results showed that 12 woody plant species comprising six families were selected from a total of 29 woody plant
species recorded in the study area. Giraffe showed a higher preference of the selected species in the dry season than in the wet
season. In contrast, no significant differences were recorded in terms of forage availability and woody vegetation diversity between
seasons. In conclusion, our results suggest that plant phenology, particularly, presence of leaves on plants influences giraffe feed
preferences. Establishing long-term monitoring plots to determine woody vegetation utilisation by giraffes is valuable as a way to
monitoring habitat utilisation by the species.

1. Introduction

Giraffes (Giraffa camelopardalis) are browsing ruminants in
the family Bovidae [1]. According to Gordon et al. [1], giraffes
mainly browse on woody plant parts and forbs and feed
selectively. )e translocation of giraffes has been done for
a number of reasons including the process of rehabilitation,
and thus, the successes of giraffe translocation have shown
that giraffes can adapt to different ecosystems [2].

Several studies examined the feeding behavior of giraffes
in Africa [3–5].)ese studies have reported forage selectivity
by giraffes [4–6] across seasons [3]. Intake of forage by
giraffes is strongly affected by the plant defense mechanisms
[7]. )e likelihood of a plant species being eaten when
encountered by an herbivore can be defined as the ac-
ceptability of that plant species to the herbivore [8]. Fur-
thermore, Arnold [9] defined availability as relating to
frequency of occurrence, relative yield, and accessibility, as

well as the nature of the surrounding plant material and that
this will influence acceptability to animals.

Most wild animals that are introduced into new areas
have to go through a process of acclimatization and adap-
tation [2]. Of interest is that giraffes have proved to adapt
easily to new environments and do not significantly affect
other species that may be present in the areas they are in-
troduced [2]. A recent introduction of giraffes was recorded
in Umfurudzi Park, northern Zimbabwe. However, there is
limited information of how the giraffes are utilising the
habitat in terms of species preferred between the dry and wet
season. )erefore, the objectives of the present study were to
(i) identify woody plant species selected by the recently
introduced giraffes and (ii) determine whether there were
differences in woody plant diversity between the dry and wet
seasons in Umfurudzi Park. )e study results will provide
a baseline for future assessment of plant species utilisation
patterns by giraffes and habitat changes.
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2. Materials and Methods

2.1. Study Area. Umfurudzi Park, northern Zimbabwe, lies
between latitudes 17° 15′ and 16° 50′ south and 31° 40′ and
32° 00′ north with altitude that ranges from 740 to 1020m.
)e park covers an area of 760 km2 and is located ap-
proximately 150 km from Harare [10]. )e park has a mean
annual rainfall of 550mm [10]. Umfurudzi Park is divided
into two seasons, namely, the dry and wet seasons. )e wet
season starts in November and ends in April, whereas the
dry season begins in May and ends in October. )e park is
located in a Miombo ecoregion, an area dominated by the
following plant species: Brachystegia boehmii, Colo-
phospermum mopane, and Julbernardia globiflora [11]. As
part of the park rehabilitation programme, approximately
1,800 animals including 43 giraffes (25 in 2012 and 18 in
2013) were either reintroduced or introduced into Umfur-
udzi Park between 2010 and 2013. )e studied giraffes were
confined to an enclosure with an area of about 30 km2. )e
enclosure is part of the Umfurudzi Park fenced to allow for
animal acclimatization before the fence is removed to allow
animals to utilise the wider park habitats.

2.2. Data Collection. A systematic random sampling tech-
nique was used in selecting a focal animal to observe from
the identified herd of giraffes, which consisted of eight in-
dividuals. Walked transects were used to traverse the en-
closure as these minimise disturbance to animals [12]. Data
collection was conducted during the day between 06:30 and
18:30 hours, for the period 1st of May 2016 to 30th of
December 2016. Field data collection activities were divided
into two, that is, focal observation and vegetation assess-
ment. When any one giraffe from the study herd was ob-
served browsing, the woody plant browsed was noted from
a distance using binoculars following methods outlined by
Muposhi et al. [10]. )e woody plant was visited after the
giraffe had moved to other plants so as not to influence the
giraffe-browsing patterns. A circular plot with a radius of
15m was established around the browsed plant so as to
assess the diversity of woody plants at each focal point.
Overall, a total of 106 circular observation plots (71 for dry
season and 35 for wet season) were established and assessed.
)e plant species names were recorded with the aid of tree
identification guides.

2.3. Data Analysis. Mapping of the woody plant species
utilisation by giraffes over the study period was conducted,
and woody species diversity was determined using the
Shannon–Weiner Index (H′) [13]. Giraffe preference was
quantified through determining the acceptability and
availability indices [14]. )e availability index was calculated
by dividing the number of observation points in which the
woody plant species was present by the total number of
observation plots, whereas acceptability was calculated by
dividing the number of observation plots in which the
woody species was foraged by the number of observation
plots in which the species was present.

Data related to seasonal availability and acceptability and
woody vegetation composition were tested for normality
using the Shapiro–Wilk test and found to be not normal.
)us, the Mann–Whitney U test was used to determine
whether there were significant differences for the study
variables between the dry and wet seasons using the Sta-
tistical Package for Social Sciences (SPSS) version 16.0 for
Windows (SPSS Inc., Chicago).

3. Results

A total of 29 woody plant species were recorded from the 106
observation plots with 12 woody plant species being selected
by the introduced giraffe. Piliostigma thonningii, Vangueria
infausta, Ziziphus mucronata, Combretum apiculatum,
Pseudolachnostylis maprouneifolia, and Combretum molle
were preferred during the dry season, whereas Flueggea
virosa, Olea africana, Combretum erythrophyllum, Com-
bretum hereroense, Combretum imberbe, and Ziziphus
mucronata were preferred in the wet season. )ese species
represented five families. A. karroo was also recorded as
forage for both dry and wet seasons. Giraffes selected more
than three species in each month during the study period
(Table 1).

Overall, there was a moderate availability of woody
plants browsed by the giraffes throughout the dry and wet
seasons. Accordingly, there was a no significant difference in
the availability of woody species browsed by giraffes between
the dry and wet seasons in Umfurudzi Park (P> 0.05;
Table 2). A significant difference in acceptability was
recorded (P< 0.05; Table 2) with a total of 10 and 7 woody
plant species being selected by giraffes in Umfurudzi Park in
the dry and wet seasons, respectively (Table 3). )ere was
a no significant difference in woody species diversity be-
tween the dry and wet season in Umfurudzi Park (Mann–
Whitney U test, P> 0.05). Woody plant species from the
Combretaceae family, that is, C. imberbe, C. hereroense, and
C. erythrophyllum and those from Rhamnaceae family
(i.e., Z. mucronata) were highly acceptable in the dry season.
In the wet season, C. apiculatum from the Combretaceae
family was the mostly acceptable species (Table 3).

4. Discussion

We recorded 12 tree species from six families
(i.e., Combretaceae, Fabaceae, Phyllanthaceae, Oleaceae,
Rubiaceae, and Rhamnaceae) that were preferably browsed
by giraffes in Umfurudzi Park in the dry and wet seasons.
Our results showed that most plant species selected by gi-
raffes were from the family Combretaceae. Most of the
recorded preferred woody plant species were frequently
browsed in both dry and wet seasons. An earlier study re-
ported that in the southern parts of Zimbabwe, Acacia was
recorded as the most frequently browsed woody plant genus
[4]. In this present study, there was evidence of Acacia being
selected throughout both seasons showing that the genus is
preferred also in Miombo woodlands. However, it was ev-
ident that giraffes also expanded their forage selection as
evidenced by the 12 recorded and selected species; hence,
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this infers their possible acclimatization in the Miombo
ecosystem.

Our results showed a variation in tree species selected by
giraffes between the dry and wet seasons. It has been sug-
gested that herbivores select diets based on the concentra-
tion of nutrients relative to toxins [7]. Giraffes are known to
select woody plant species on the basis of their nutritive
value as well as the greenness (e.g., C. erthrophylum) [15].
For instance, C. erythrophyllumwas preferred during the dry
season more than in the wet season in the present study.

Previous studies on giraffe diet have indicated that de-
ciduous species such as A. karroo dominate the vegetation of
habitats used by giraffes and make up the bulk of the diet
during the wet season [16]. )e present study differs from
these earlier studies since the study area is predominantly

a Miombo ecosystem; hence, providing a broad range of
other species compared to the mopane-dominated savanna
ecosystem. During the dry season, however, these deciduous
plants lose their leaves and the giraffes tend to concentrate
along riverine habitats where they feed on the evergreen
vegetation [16].

A significant seasonal variation in the acceptance of the
woody plants browsed by giraffes was recorded in this
present study. Differences in the acceptance of tree species
by the giraffe in relation to seasonality can be attributed to
woody plant species selectivity by giraffes between the dry
and wet seasons [17]. It has been reported that high ac-
ceptance is influenced by favorable nutritive values of the
forage species [5] among other factors. )e fact that some of
the tree species were selected in both dry and wet seasons

Table 1: Mapping woody species selected by giraffes during the study period in Umfurudzi Park.

# Species name Family
Browse preferences

Dry season Wet season
MAY JUN JUL AUG SEP OCT NOV DEC

1 Acacia karroo Fabaceae DS DS DS DS WS WS
2 Balanites aegyptiaca Zygophyllaceae
3 Burkea africana Fabaceae
4 Brachystegia boehmii Fabaceae
5 Bauhinia galpinii Fabaceae
6 Bauhinia petersiana Fabaceae
7 Brachystegia spiciformis Fabaceae
8 Combretum apiculatum Combretaceae DS WS
9 Combretum erythrophyllum Combretaceae DS DS WS
10 Croton gratissimus Euphorbiaceae
11 Combretum hereroense Combretaceae DS DS DS DS
12 Combretum imberbe Combretaceae DS WS WS
13 Combretum molle Combretaceae DS
14 Colophospermum mopane Fabaceae
15 Commiphora mossambicensis Burseraceae
16 Diplorhynchus condylocarpon Apocynaceae
17 Flueggea virosa Phyllanthaceae DS WS
18 Julbernardia globiflora Fabaceae
19 Lantana camara Verbenaceae
20 Lannea discolour Anacardiaceae
21 Olea africana Oleaceae DS WS
22 Pseudolachnostylis maprouneifolia Phyllanthaceae DS
23 Piliostigma thonningii Fabaceae DS
24 Terminalia brachystemma Combretaceae
25 Terminalia sericea Combretaceae
26 Terminalia stenostachya Combretaceae
27 Vangueria infausta Rubiaceae DS DS
28 Ximenia caffra Olacaceae
29 Ziziphus mucronata Rhamnaceae DS DS DS
DS � dry season; WS � wet season.

Table 2: Forage indices and species diversity (median± range) of woody plants selected by giraffes in the wet and dry season in Umfurudzi
Park.

Variable
Season

Mann–Whitney U df P value
Dry season Wet season

Acceptability 0.36± 0.75 0.03± 1.02 29.00 1 0.014
Availability 0.14± 0.50 0.08± 0.55 56.50 1 0.386
Woody plant diversity (H′) 1.40± 1.40 1.45± 1.90 1089.50 1 0.183
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suggests that woody plant availability had a little influence
on forage selection of giraffes. Omphile et al. [18], however,
reported that seasonal selection of forage by herbivores can
be influenced by plant availability. It has been reported that
herbivore species will only switch diet if there are issues to do
with nutritive value or digestibility of the feed [14]. However,
from the present study, forage availability was almost the
same in both the dry and wet seasons as evidenced by the
nonsignificant difference in woody species plant diversity.

From field observations in this present study, it was
evident that during the dry season, giraffes concentrated
in the riparian zone and browsed on species such as
C. erythrophyllum and C. molle. During the wet season,
giraffes switched to plant species such as F. virosa. )us,
there was evidence to show that giraffes selected the most
nutritious and available tree species within each season [5].
Change in seasons mean that the trees also go through
variations such as leaf shading, fruits ripening, and in some
cases death of plants [5]. )ese variations affect the forage
selection by giraffes. For instance, field observations showed
that A. karroo had fruits during the dry season and leaves
during the wet season. )us, giraffes could utilise leaves in
the wet season and the fruits during the dry season.

Given that wild animals mostly search for plant species
that provide themwith the best nutrients, it is thus likely that
the differences in selected plant species is influenced by
choices for nutrients and also plant defense systems, for
example, thorns and tannins. )erefore, it is likely that the
plant phenology plays an important role in influencing
herbivory patterns by giraffes in the study area.

5. Conclusion

)e giraffes in Umfurudzi Park selected a wide spectrum of
woody plant species, that is, 12 species from the 29 species
that were recorded in this present study. )e results show
a significant variation in the acceptability of woody plant
species with giraffes showing high acceptability of certain
species in the dry season than in the wet season. Further-
more, the present study showed that there was a no sig-
nificant difference in woody vegetation composition in the

study site in Umfurudzi Park between the dry and wet
seasons. It is possible that giraffes were restricted to the few
woody plant species found in the enclosure. )us, it is
recommended that future studies examine the parkwide
forage selection by the giraffes so as to develop a baseline for
future monitoring of habitat use by wild animal species
within the park.
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