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ABSTRACT. Anticipating, avoiding, and managing disruptive environmental change such as regime shifts and the impacts it has on
human well-being is a key sustainability challenge. Woody encroachment is a globally important example of a regime shift that occurs
in savanna systems, where a large fraction of the world’s poor live. Woody encroachment is known to negatively impact a variety of
ecosystem services, but few studies have investigated the impact of woody encroachment on local land users and their livelihoods. In
this study, we conducted semi-structured interviews to determine how different land users—local subsistence communities and managers
of conservation tourism areas—perceive woody encroachment in the Hluhluwe region of South Africa, how it affects the ecosystem
services they rely upon, and what costs they incur in undertaking activities to reverse woody encroachment. Most interviewees perceived
trees to be increasing in the landscape (83%). However, perceptions about the causes of woody encroachment differed: community
members cited the reduced usage of trees as the reason for woody encroachment, whereas conservation managers mostly attributed
the change to increased CO2. Most community members felt woody encroachment was harmful to their household and general wellbeing, citing loss of grazing for livestock, and fear of attacks by wild animals and criminals as the main impacts. In contrast, conservation
managers perceived woody encroachment to have both harmful and beneficial impacts, with the main negative impacts being loss of
grazing for wildlife and impacts on tourism through reduced visibility for game viewing. All the conservation areas invested in tree
clearing compared to only 20% of respondents in the community areas, where an average of ZAR367 (US$25) was spent per year on
clearing, compared to ZAR293,751 (US$20,000) and ZAR163,000 (US$11,000) spent in private game reserves and government reserves,
respectively. Our findings highlight the negative impacts of ongoing woody encroachment, the differentiated impacts it has on different
land users, and differences in capacity to combat encroachment. These findings highlight the need for state-funded management
interventions to support clearing of trees in encroached areas, particularly in communal areas.
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INTRODUCTION
One of the five grand challenges for earth system and
sustainability research is to better anticipate, avoid, and manage
disruptive global environmental change such as regime shifts
(Reid et al. 2010). Regime shifts are large and persistent changes
in the structure and function of ecosystems and social-ecological
systems (SES), and have been documented in a variety of aquatic
and terrestrial systems (Scheffer et al. 2001, Biggs et al. 2018).
They can significantly alter ecosystem services, as sets of species
with particular traits, e.g., grasses, are replaced by species with
fundamentally different traits, e.g., trees, which functionally
provide different services (Loreau et al. 2001, Diaz et al. 2004,
Cardinale et al. 2012). Regime shifts therefore typically lead to a
reduction in some ecosystem services, although there may also be
gains in other services (Troell et al. 2005, Grossman 2015, King
et al. 2015, Ye et al. 2018). These changes affect human well-being
by impacting the necessary materials for a good life, security,
health, and social and cultural relations (Millennium Ecosystem
Assessment 2005).
One globally important regime shift is woody tree and shrub
encroachment in savannas. Savannas are mixed tree-grass systems
that are characterized by a continuous grass layer and a
discontinuous tree layer, and encroachment occurs when there is
a shift from open grassy savannas to a persistently woody savanna
(Daskin et al. 2016, Stevens et al. 2017, Luvuno et al. 2018).
Savannas cover 20% of the earth’s land surface and one fifth of
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humanity relies on the ecosystem services they provide (Sankaran
et al. 2005, Lehmann et al. 2014). Encroachment is already
extensively documented across many tropical savannas globally
(Stevens et al. 2017). Woody encroachment results from a shift in
the underlying feedback processes that suppress woody growth,
and typically arises from the interplay between ecological and
social processes such as rainfall, fire suppression, and grazing
management (Luvuno et al. 2018, Wilcox et al. 2018, Liao et al.
2020). The most commonly cited drivers of woody encroachment
are fire suppression and an increase in global carbon dioxide
(CO2) concentration, which enables trees to establish and grow
faster than managers can successfully manage them with fire
(Luvuno et al. 2018, Wilcox et al. 2018).
Woody encroachment can negatively impact ecosystem services,
especially livestock grazing, crop production, biodiversity, and
tourism (Briggs et al. 2005, Huxman et al. 2005, Eldridge et al.
2011, Archer and Predick 2014, Honda and Durigan 2016). As a
result of these impacts, much effort has been invested to
understand the drivers of woody encroachment and the
associated impacts, especially on biodiversity and grazing
capacity (Moustakas et al. 2010, Wigley et al. 2010, O’Connor et
al. 2014, Stevens et al. 2016). However, few studies have
investigated the impacts of woody encroachment on local land
users and their livelihoods (examples include Mugasi et al. 2000,
Wigley et al. 2009, Shackleton et al. 2013), and how this in turn
influences ecosystem management strategies (Luvuno et al. 2018).
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Fig. 1. Study site location: the Big 5-Hlabisa municipality in Kwazulu-Natal, South Africa.

The need for a deeper understanding of how different land users
perceive and rely on ecosystem services has been identified as a
critical research priority (Carpenter et al. 2009, Wangai et al.
2016). This is particularly important for the rural poor in
developing countries who often rely disproportionally on nature
for their sustenance and livelihoods (McNally et al. 2016). Our
research builds on the handful of studies on this issue in Africa
to date, and contributes to addressing the much-needed gap in
understanding the impacts of woody encroachment as perceived
by different stakeholders with different interests and priorities
(Wilcox et al. 2018, Liao et al. 2020).
The perspectives and needs of the rural poor are important
considerations because their dependence on ecosystem services
may foster priorities that are different to, for instance, tourism
and conservation organizations (McNally et al. 2016). Ecosystem
services are perceived differently by different land users, and land
users are likely to respond differently to changes in ecosystem
services because their land use and resources differ (Carpenter et
al. 2009, Ellis et al. 2019). This diversity in perceptions and
responses can be seen at multiple scales, e.g., household, village,
and region, and responses at one scale may act synergistically with
or in antagonism to responses at another scale (Leslie and
McCabe 2013, Daw et al. 2015). For this reason, it is important
to quantify the trade-offs and synergies among ecosystem services
and how they affect different users, as well as their implications
for local policies and management interventions (Daw et al. 2015).
In many cases, interventions are implemented, but often fail,
because they are implemented without consulting land users
about their perceptions and needs (Menzel and Teng 2009,
McNally et al. 2016).
We investigated the impacts of woody encroachment on
ecosystem services as perceived by different land users—local
subsistence communities and managers of conservation tourism
areas—in the Hluhluwe area of South Africa. Hluhluwe lies

within the savanna region, which is the dominant biome in South
Africa and home to over 11 million people (Twine et al. 2003). It
is one of the areas in South Africa that has recently undergone
woody encroachment (Wigley et al. 2009) and has contrasting
land uses existing side-by-side, providing a good context for
comparing the effects of woody encroachment on different land
users. It is well documented that rural communities in the savanna
systems of South Africa supplement their livelihoods with natural
resources, specifically wood for fuel and building materials, grass
for thatching and brooms, and plant products for medicinal
purposes (Lawes et al. 2004, Thondhlana et al. 2012, Hamann et
al. 2015). South African savannas are also home to many of the
country’s most well-known conservation areas and support
significant numbers of the world’s remaining megafauna. Woody
encroachment negatively affects game viewing, which impacts
visitor numbers in reserves (Gray and Bond 2013). This study
spanned a state-owned conservation area and adjacent communal
areas that comprise mainly small-scale subsistence farming, and
private game reserves. These were the key questions addressed by
the study: (1) How do different land users perceive woody
encroachment? (2) How does woody encroachment affect
ecosystem services valued by different users? (3) What costs are
different land users incurring to reverse woody encroachment?
METHODS
Study area
Hluhluwe lies in the Big 5-Hlabisa municipality of KwaZuluNatal, South Africa (28° 0' 0" S to 28° 0' 0" S and 32° 0' 0" E to
32° 34' 48" E; Fig. 1). This area has undergone substantial woody
encroachment in the last 70 years (Wigley et al. 2009). Mean
annual precipitation (MAP) of the area ranges from 700 mm to
990 mm per annum, with most of the rainfall falling in the summer
months of September to March. South African savannas falling
in this rainfall range have experienced the highest rate of woody
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encroachment in the country (Skowno et al. 2017). Temperatures
in the area are warm to hot, particularly during the summer
months. Mean annual temperature is 22.5 °C, with a mean
minimum July temperature of 13 °C and a mean maximum
February temperature of 35 °C (Wigley et al. 2009).
The Big 5-Hlabisa municipality is largely inhabited by Black
Africans, who make up 99.4% of the total population, with 94%
of the people speaking IsiZulu as a home language. Poverty is a
major issue, as reflected by the high unemployment rate of 52.6%,
rising to 61.9% unemployment among the youth (StatsSA 2018).
The level of education in Big 5-Hlabisa is relatively low: 14.7% of
the population have no schooling, 31.2% have completed high
school, 7.1% have higher education qualifications, and the rest
have some form of schooling (StatsSA 2018). Average household
income ranges from ZAR19,600 (US$1300) to ZAR38,200
(US$2500), though some households have no income and others
have an income of over ZAR300,000 (US$19,000).
There are two main land uses in the municipality: subsistence
agriculture on the communal lands, and conservation and tourism
on national and privately owned game reserves. Communal lands
are areas that are under traditional African tenure arrangements,
where land is allocated by local Zulu chiefs and councils. Most of
these areas are used for subsistence agriculture, and the
inhabitants of these areas are heavily dependent on government
grants and remittances from family members working in the cities
(Kok and Collinson 2006, StatsSA 2018). The state-owned
conservation area, Hluhluwe-iMfolozi Game Reserve, covers
98,000 ha and aims to ensure conservation and the sustainable
use of the biodiversity under its jurisdiction. Hluhluwe-iMfolozi
is one of South Africa’s flagship game reserves and attracts
around 200,000 visitors per year, generating a revenue of ZAR28
million (US$1,850,000) per annum (Aylward and Lutz 2003). In
the early 1900s, privately owned land was mainly used for
commercial cattle farming. However, from the 1970s, many of the
commercial farmers in the area changed from cattle farming to
game farming (Wigley et al. 2009). Many of the commercial farms
now form conglomerates of private game reserves with the
objective of conserving local biodiversity, often for commercial
gain through tourism activities and selling game (Higgins et al.
1999). The land in some of these private reserves, in part or fully,
belongs to the community members surrounding them with the
intention that benefits flow back to communities.
Data collection
Community members living in the communal lands, as well as
conservation managers on the private and state-owned game
reserves were interviewed using semi-structured questionnaires
(Appendix 1, 2). The interviews sought to gain insight into the
interviewees’ perceptions of what changes had occurred in the
landscape, what caused these changes, and how it has impacted
their lives. The interviews were also used to determine what the
different land users are doing to counteract woody encroachment,
and the cost of these activities. Interviews were conducted in Zulu
or English depending on the interviewees’ preferred language of
communication; given that the lead researcher was fluent in both
languages, no translators were needed.
Hluhluwe-iMfolozi Game Reserve is the only state conservation
reserve in the area. It has six managers (one park manager and
five section rangers), all of whom were interviewed. The small

number of private game reserves in the area (each reserve has one
manager) limited the number of private game reserve managers
that could be interviewed. We were able to interview four private
reserve managers out of the eight that we tried to contact.
Collectively, these four managers manage over 70,000 ha. In the
communal areas, household interviews were conducted with 30
community members from four villages, using a snowball
sampling approach. Only people who had been living in the area
for over 20 years were interviewed. This was mainly to exclude
minors from the study and because woody encroachment in the
area occurred 10–20 years prior to the inception of the study
(Wigley et al. 2009). The interviewees were adults of a mixture of
ages and genders, with different occupations and levels of
education (Table 1).
Table 1. Demographics of the different land users interviewed.
Land Users

Gender

Mean Age
(years)

Community
members
(n) = 30
State reserve
managers
(n) = 6
Private reserve
managers
(n) = 4

63% F

53.6 ± 12.5

100% M

41.7 ±1.1

50% F

38 ± 3.8

Ethnicity

Mean
Education

100% Black 60% grade 10
or less
83% Black

67% post
graduate

100% White 100% post
graduate

The interviews were conducted between February and March
2018 and were on average 45 minutes long. The interviews
included a combination of closed and open-ended questions,
allowing us to quantitatively assess certain aspects of change,
while at the same time allowing the interviewees’ perceptions and
qualitative data to emerge. Separate questionnaires with similar
questions were used for community members and reserve
managers, given their different contexts (Appendix 1, 2). In both
cases, the open-ended questions included questions related to the
perceived causes, impacts, costs, and management of woody
encroachment. The costs of encroachment were derived from a
question asking about the total cost of woody encroachment
management over the past year. The interviewer filled out the
questionnaire during the interview, which was also digitally
recorded. Participation was on a voluntary, confidential basis,
and the research was approved by the Stellenbosch University
Research Ethics Committee (CEE-2017-0200-247).
Data analysis
Each handwritten questionnaire was checked against the digitally
recorded interview, transcribed, and the open questions were
coded using a thematic analysis (Alhojailan 2012, Bree and
Gallagher 2016). The number of times a theme was mentioned
was tallied and tabulated for further analysis. Fisher’s exact tests
were employed on the aggregated coded data to examine
differences between land user groups. Fisher’s exact test is a test
of significance that is used in the place of chi square when the
sample size is small (Dai et al. 2007). The unavoidably small and
unequal and sample sizes limited the power of the tests, and our
results therefore focus on suggestive patterns rather than hard
differences among groups. Examples of relevant quotes from
interviewees are presented in the results section to illustrate the
aggregated findings.
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RESULTS
Perceptions of woody encroachment
The majority of interviewees thought the number of trees in the
landscape were increasing (83%), and there were no significant
differences in perception of the amount of woody encroachment
between the different land users (Fig. 2). All the game reserve
managers, on both the private and state-owned reserves, reported
that woody encroachment is occurring in their reserves. Fifty
percent of the community members said trees were increasing on
their property, and 83% said trees were spreading in the area. Only
20% of the interviewed community members reported trees to
have either decreased or remained constant.
Fig. 2. Land user responses regarding their perceptions of
woody encroachment. Error bars depict 95% confidence
intervals around the group means. Black lines are the average
across land users. Response options included “yes” (depicted),
“no,” and “not sure.”

grazing and increased fear of attacks by wild animals such as
leopard and hyena (Table 3). Other notable impacts of woody
encroachment mentioned were the reduction of water supply,
increased fear of criminals who hide in the thick bushes, livestock
getting lost in the bushes, and having to walk further because the
bushes close walking paths. An example of these is illustrated in
this quote: “There’s nothing inherently wrong with trees but
having a lot of trees uses more water. We need to sometimes cut
down trees to get more water into the landscape. These thick areas
hide wild animals such as leopard. Also, these trees kill grass and
our livestock is life.”
Table 2. Land user perceptions of the causes of woody
encroachment (Fisher exact test: X² = 72.15; df = 24; p < 0.01).
Dash (-) indicates where a particular cause was not reported.
Percentages were based on the frequency each item was mentioned
in thematically coded open questions.
Causes of woody
encroachment

Reduced tree use
Deagrarianization
Natural process
Increased carbon dioxide
Increased variability in
droughts and floods
Mismanagement of fire
Historical legacy
Don’t know
Low game numbers
Fragmentation of landscapes
Overgrazing
Lack of managerial expertise

A list of perceived causes of encroachment was compiled based
on the open-ended responses to the questionnaire (Table 2).
Overall, across all user groups, people cited the reduced usage of
trees as the reason for woody encroachment in the area.
Community members thought reduced use (38%) and
deagrarianization (46%) were the main causes of woody
encroachment in the landscape. Some community members
thought encroachment was indicative of natural regeneration
processes, e.g., germination, related to rainfall (17%). Notably, no
community members attributed the increase in woody
encroachment to increased CO2 levels in the atmosphere. In
contrast, most of the reserve managers, both state and private,
thought increased carbon dioxide, increased variability in
droughts and floods, mismanagement of fire, and the historical
legacy of cattle farming in the landscape were the main causes of
the woody encroachment. Other causes mentioned by only the
reserve managers were fragmentation of landscapes, overgrazing,
and a lack of managerial expertise.
Perceived impacts on ecosystem services
Although there were no significant differences in how land users
perceived the overall impact of woody encroachment (Fig. 3),
analysis of the underlying narratives provided insight into the
different types of impacts experienced by different users. Fiftyfour percent of community members thought woody
encroachment was harmful to their household and general wellbeing. This was mainly attributed to the reduction of grass for

Community State reserve
members
managers
(%; n = 30)
(%; n = 6)

Private
reserve
managers
(%; n = 4)

38
46
17
-

17
17
67
67

50
50

8
8
-

33
17
-

50
50
25
25
25
25

Fig. 3. Land users’ views on the impacts of woody
encroachment. (X² = 6.63; df = 6; p = 0.28)

A few community members thought woody encroachment was
both beneficial and harmful (17%) or just beneficial (17%). The
most frequently reported benefit was firewood, even though 93%
of the respondents reported a decreased use of trees over time, as
for instance illustrated by this quote: “We used to use trees to
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build fences, houses, kraals, and for firewood. Now we use bricks,
wire, and electricity.” When asked how much firewood people
collected, only 7% households reported that they still relied on
firewood, spending an average of 21 hours per year collecting
firewood, with no change in use over the years.
Table 3. Land user views of the harmful impacts of woody
encroachment (Fisher exact test: X² = 25.31, df = 18, p = 0.27).
Dash (-) refers to no reported impacts. Percentages were based on
the frequency each item was mentioned in thematically coded
open questions.
Harmful impacts of woody
encroachment

Reduces grass for grazing
Reduces water
Fear of wild animals &/or
increased attacks by animals
Fear of criminals
Expensive to clear
Spreads invasive alien species
Livestock gets lost in the bushes
Closes walking paths
Replaces useful tree species
Guests cannot see the game

Community
State
Private reserve
members
reserve
managers
(%; n =
managers
(%; n = 4)
30)
(%; n = 6)
29
13
25

33
17
33

50
25
-

17
8
8
13
17
-

17
17
17
-

75
50

In contrast, woody encroachment was perceived to be beneficial
by 50% of the state game reserve managers and 25% of the private
game reserve managers, whereas a further 50% of the private game
reserve managers thought woody encroachment was both
harmful and beneficial (Fig. 3). State reserve managers reported
the reduction of grass for grazing by game animals and the
increased fear of wild animal attacks during patrols (33%) as the
main negative impacts of woody encroachment (Table 3). In
private game reserves, the impacts of woody encroachment were
mainly the high cost of clearing (75%), complaints from the guests
about not being able to see the game (50%), and the loss of grazing
potential (50%). All the game reserve managers noted the
beneficial impact of increased food for browsers and having a
heterogeneous landscape, as for instance illustrated by this quote:
“Some species, like the black rhino, like closed areas. So, it is good
to have some woody areas.”
Management actions and costs
There were significant differences in how woody encroachment
was managed across the different land users (Table 4). A minority
(20%) of the respondents in the community cleared trees on their
properties, and even fewer (13%) cleared trees outside their
property. Of the six community members who cleared trees on
their property, they spent, on average, R367 (US$25) on clearing
in the previous year (2017). In contrast, in the game reserves, much
effort goes into the management of woody encroachment,
particularly in the private reserves. Private game reserves spent an
average of R293,751 (US$20,000) on woody encroachment
management in the previous year, which consisted of both manual
clearing and fire (Table 4). One of the reserves reported having
spent an estimated R650,000 (US$42,000) in the previous year on
woody encroachment management. Most of the clearing on these
reserves was focused on heavily encroached areas on the popular

tourist routes, whereas the less travelled routes were seldom
cleared because of the high costs. For example, one of the reserves
specifically invested in clearing around their gate and toward the
lodges so guests could see game as they enter their premises. The
state game reserve spent R163,000 (US$11,000) the previous year
on burning the reserve as a measure to counteract woody
encroachment. None of the reserves help clear or manage woody
encroachment outside their reserves.
DISCUSSION
Most work examining the impact of woody encroachment on
ecosystem services has focused on the biophysical and economic
implications, without examining land user perceptions (Eldridge
et al. 2011, Anadón et al. 2014, Wilcox et al. 2018). This study
presents one of few efforts to understand perceptions around the
drivers and impacts of woody encroachment, focusing on the
Hluhluwe area of South Africa. Insight into land users’
perspectives can guide the design and implementation of policies
or programs that are consistent with the biophysical, social, and
economic needs of the people living in these social-ecological
systems (Menzel and Teng 2009, Liao et al. 2020).
Although we found that perceptions of the causes of woody
encroachment varied, all land users generally perceived Hluhluwe
to be much woodier now than in the past (Fig. 2). This is consistent
with reports of woody encroachment occurring in the area and
around the world (Wigley et al. 2009, Stevens et al. 2017).
However, perceptions around the underlying cause of woody
encroachment differed. The differences in perceptions may be
linked to different education levels between the land users. All the
reserve managers who mentioned climate change, variability of
droughts and floods, and the mismanagement of fire had postgraduate degrees in a conservation-related field. Some of the state
managers who did not study conservation did not mention these
as possible causes, and neither did any of the community
members. Interestingly, only one of the reserve managers cited
reduced use as a cause of woody encroachment, although this
along with deagrarianization were the main causes perceived by
community members. Of course, all these processes are likely
interacting and resulting in varying densities of woody
encroachment, with some drivers more important in some areas
(Luvuno et al. 2018). However, these stark differences in perceived
drivers inform very different management policies and programs,
and their perceived appropriateness and potential support by
different land users.
Our results further indicate that different land users agreed that
woody encroachment has a variety of mostly harmful impacts on
their livelihoods, well-being, and businesses. Impacts on grazing
were a key impact perceived by all land users. In the communal
areas of Hluhluwe, loss of grazing primarily impacts cattle. Cattle
in rural communities have multiple purposes and their importance
to people’s livelihoods is captured in the phrase “our livestock is
life.” Some of the goods and services provided by cattle include
cash sales, providing a savings value, food, manure, and being
slaughtered for cultural rituals (Shackleton et al. 2005). Other key
impacts perceived by community members in our study included
fear of criminals hiding in the thick vegetation and closure of
walking paths. These findings align with insights from one of the
few similar research studies in another part of South Africa, where
a rural community had negative attitudes toward woody
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Table 4. Management of bush encroachment by different land users (Fisher exact test: p = 0.01; X² = 11.44; df = 2). Dash (-) refers to
no reported impacts. Percentages were based on the frequency each item was mentioned in thematically coded open questions.
Land users’ practices

Do you control woody encroachment on your property?
Do you control woody encroachment in your area?
Management type: Maintain historic fire regime
Manual clearing
Fire storms (high intensity fires)
Strategic area burns
Mean cost of management? (R1000 = ~ US$60)

encroachment on account of anxiety about wild animals harming
their crops, loss of arable land, and loss of landscape identity
(Shackleton et al. 2013).
Our findings also point to interesting changes in perceptions over
time. In a study done in the area a decade ago, the community
cited increased removal of wood for building/firewood and
browsing for animals as positive impacts of woody encroachment,
and less grass for grazing and difficulty clearing land for
cultivation as the main negative impacts (Wigley et al. 2009). Our
study did not find prominent benefits of encroachment in terms
of extra wood supply. Our interviews suggest that collection of
firewood in the study area is declining because many households
increasingly rely on electricity for their energy needs. According
to StatsSA (2018), 92.3% of the area had electricity in 2011 as
compared to 28.7% a decade earlier. Only two out of the 30
households in our survey still relied on firewood as their primary
source of energy. Most households collected firewood only if there
was a traditional/cultural ceremony taking place and large
amounts of cooking needed to be done. The possible link between
reduced firewood use and woody encroachment is important to
note as the world aims to provide clean energy for everyone (Blair
et al. 2018). Work by Russell and Ward (2014) suggested that
declining firewood collection because of increased electrification
of rural areas may be contributing to woodland expansion in
traditional rangelands in South Africa. As electrification and
urbanization continues in regions such as Hluhluwe where woody
encroachment is prevalent, management and clearing strategies
need to be in place to help land users manage the negative impacts
of woody encroachment.
Impacts of woody encroachment on agricultural land also did
not feature prominently in our findings, compared to the earlier
work by Wigley et al. (2009). This is likely because many
households (37%, based on our interviews) have abandoned crop
farming. Deagrarianization in the area is due to a combination
of droughts of the past decade, new opportunities for employment
in urban areas, changed value systems, and rural emigration
(Shackleton et al. 2013). Deagrarianization in large parts of South
Africa’s rural areas has been linked to a significant increase in
woody encroachment in abandoned cultivated fields (Shackleton
et al. 2013, Hoffman 2014, Blair et al. 2018), and is likely to
increase as rural emigration to urban areas continues
(Christiaensen et al. 2013). Liao et al. (2020) warns that livelihood

Community
members
(%; n = 30)

State reserve
managers
(%; n = 6)

Private reserve managers
(%; n = 4)

26
13
26
-

67
100
-

100
100
75
25
25

R367/yr
-/+ R378 (US$25)

R163,000/yr
(US$11,000)

R293,751/yr
-/+ R300,000 (US$20,000)

diversification, where the rural poor abandon farming and seek
work in cities, does not necessarily translate into improved wellbeing, and may carry substantial risks of environmental
degradation such as increased woody encroachment. As the threat
of climate change looms, with increasing variability in droughts
and floods, further deagrarianization in many rural areas of South
Africa is likely to occur in the future, potentially leading to further
woody encroachment if no interventions are put in place.
Our results indicate that, in contrast to community members,
private game reserve managers were mainly concerned by impacts
on their business through trees blocking guest’s views of animals,
reduction of grass for grazing by wildlife, and the high cost of
clearing trees. Game visibility is an important factor for tourists
returning to a game reserve (Gray and Bond 2013). In a survey
of marketing strategies, beliefs, and practices of private game
reserves in southern Africa, Buckley and Mossaz (2018) found
that private game reserves prioritize marketing of game viewing
opportunities, followed by luxury, exclusivity, and conservation.
Woody encroachment negatively impacts tourism by changing the
biodiversity of the area, because certain animals, e.g., cheetahs,
white rhino, and certain bird species, need open areas to thrive
(Maciejewski and Kerley 2014). This negatively impacts tourism
because many guests, especially international tourists, mostly
want to see mega-herbivores and large carnivores (Lindsey et al.
2007). Many private game reserves target international tourists
from First World countries, and focus on having a few guests who
pay high prices (Magole and Magole 2011). This likely explains
why one of the reserves spent an estimated R650,000 (US$43,000)
on burning and manually clearing trees. Importantly, all clearing
activities by reserves were focused on their own property and did
not involve collaborative clearing initiatives with communities on
adjoining land.
In contrast to community members and private reserve managers,
the majority of the state game reserve managers thought woody
encroachment was beneficial or had no impact on their business.
Unlike private game reserves, the objectives of the state reserve
center more exclusively on conservation. Consequently, they
manage the landscape to maintain historic patterns and processes,
using controlled burning to simulate natural fire patterns and
maintain an open savanna ecosystem. However, Case and Staver
(2017) examined woody encroachment across different fire
frequencies in Hluhluwe-iMfolozi state reserve from 2007 to 2014
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and found that historic fire frequencies were no longer capable of
mitigating woody encroachment in this reserve. The implications
of this research have yet to be incorporated in management
policies. Hluhluwe iMfolozi Game Reserve has a large number of
elephants, which the managers are aware help control woody
encroachment. Bark-stripping and uprooting of trees by
elephants can result in mortality of adult trees and seedlings
(O’Connor et al. 2007, 2014). Stevens et al. (2016) found that
elephants had a significant impact on woody vegetation in low
rainfall (MAP < 650 mm) savannas compared to high rainfall
areas. Given that Hluhluwe occurs in a high rainfall zone, this
may explain the prevalence of woody encroachment despite the
high number of elephants.
CONCLUSION AND IMPLICATIONS FOR
MANAGEMENT
Savannas, which are widespread across the globe and account for
50% of the world’s livestock farming, are subject to woody
encroachment. Woody encroachment is a globally significant
example of a regime shift with significant impacts on land users.
Our results highlight how these impacts are differentiated across
different land users, and the disproportionately negative impacts
they may have on the rural poor. Given the high costs of
combatting woody encroachment, our research highlights the
need for state- or donor-funded support to manage woody
encroachment to reduce the impacts experienced, especially by
poor and marginalized communities.
In South Africa, much work and resources have gone into
understanding the impacts of invasive alien species on different
land users and clearing them through the state-funded Working
for Water program (van Wilgen and Biggs 2011, Urgenson et al.
2013, Van Wilgen et al. 2014, Shackleton et al. 2015). Our research
suggests that most land users would welcome a similar statesupported clearing program to combat woody encroachment.
However, if similar clearing programs are to be developed to
address woody encroachment, they must understand and align
with land users’ perceptions, values, and needs. Our results
indicate that these perceptions, values, and needs may differ
significantly among land users, which has implications for the
design of policies and the potential for such policies to be
supported by diverse local land users.
The multi-stakeholder approach adopted in this study highlights
the value of taking a differentiated perspective in understanding
the impacts of regime shifts. Our study underscores that not only
the rural poor are negatively affected by woody encroachment
and struggling to manage it. Private game reserves spend a lot of
money on clearing trees and therefore would also benefit from a
state tree clearing program and could potentially help fund such
a program from their tourism revenue. These reserves also provide
opportunities for doing research on the effectiveness of different
clearing techniques. All the reserves in this study were trying
different strategies to manage woody encroachment, but
efficiency of these strategies is not being studied or published. For
example, one private reserve has started experimenting with fire
storms (high intensity fires) because historic fire frequencies are
no longer enough to hold back woody encroachment (Crowlely
et al. 2009). Involving multiple stakeholders in studies of the
impacts of regime shifts is important for highlighting points of
convergence and divergence between land users, facilitating
learning, and helping reveal opportunities for intervention.

Finally, this study underscores the calls of other authors to be
careful in applying the Food and Agriculture Organization’s
(FAO) definition of savanna, and for carbon emission projects to
consider with more care where they implement these projects (Parr
et al. 2014, Bond 2016, Bond et al. 2019). According to the FAO,
landscapes with > 10% tree cover constitute forests, and therefore
qualify for reforestation projects such as Reducing Emissions
from Deforestation and Forest Degradation (REDD+) and other
carbon emission reduction projects (Parr et al. 2014). Many of
these projects target developing countries so that they can earn
certified emission reduction credits that could be sold or traded
to industrialized countries. Twenty-five percent of Africa would
qualify for REDD+ projects if forests are defined as areas with
> 10% tree cover (Parr et al. 2014). Many of these areas may
naturally constitute savanna systems. Misclassification of
savannas as degraded forests threatens the livelihoods of a large
number of people who depend on these systems (Bond 2016),
given that one-fifth of the global population, many of them poor,
rely on grassy savannas for their livelihoods (Parr et al. 2014). If
woody cover in these areas was expanded through ill-conceived
reforestation programs it would have substantial social and
ecological impacts (Veldman et al. 2015), as underscored by this
study.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/12767
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Appendix 1: Questionnaire used for community members

Context:

Interview no.
Date
Site
Data capturer
Date of capture

Part A: Biographic details
Land use type
Age
F/M
Race:
Owner
No. of people in
household
Where are you
from?

L.C

C.F

Renting

G.R

Rent Free

Education
Some PS
Completed PS
Some HS
Matriculated
Higher
Education
Post
Graduate

Notes

1. Number of wage earners in household______
2. Job Types of wage earners
__________________________________________________________________________
3. Number of pension holders_____

4. Number of other grant holders_____

5. Are there family members who live in the city during the week or certain months who
contribute to the household income?__________
6. How long have you lived in this location_________

Section B
Livestock ownership
7. Do you keep any livestock? [Yes] [No]
8. What type of livestock? [cattle] [sheep] [goats] [other]
9. How many units? Cattle___ Sheep____Goats____Other____
10. What is the main reason for keeping livestock?

11. Has this changed over the past 20 years? [Yes] [No]
12. How has it changed?
___________________________________________________________________________
13. When did you make those changes and why did you make those changes?
___________________________________________________________________
14. Has your ability to take care of your livestock changed over time? [Yes] [No]
15. How?

16. Has your sense of personal and household security changed over time? [Yes] [No]
___________________________________________________________________________
17. Has your ability to feed and manage your household changed over time? [Yes] [No]
18. Can you have examples to share with me?

Section C
Knowledge and Perceptions of the landscape
19. How has the number of trees changed in the landscape over the last 20 years?__________
How? [Increased] [Decreased] [Remained Constant]
20. Do you think it is a problem? [Yes] [No] [Neither] [Both]
21. Do you have trees on your property? [Yes] [No] [Not sure]
22. Were these trees planted? [Yes] [No] [Not sure]
23. How many trees do you have on the property [0-5] [6-10] [11-20] [20-40] [>40] on your
property?

24. Are trees spreading on your property? [Yes] [No] [Not sure]
25. Are trees spreading in the area? [Yes] [No] [Not sure]
26. How has the spreading of the trees impacted you and your livelihood?
27. Please explain___________________________________________________________
__________________________________________________________________________
28. Has the use of grass for grazing for your livestock changed over the years? [Yes] [No]
[Not sure]
29. If so, how?
________________________________________________________________________
30. Has the use of water for you or your livestock changed over the years? [Yes] [No] [Not
sure]
_______________________________________________________________________
31. Do you have piped water on the property [Yes] [No]
__________________________________________________________________________
32. Do you collect from elsewhere? [Yes] [No]
33. Do you plant any crops on your property? [Yes] [No]
34. Why?___________________________________________________________________
35. Has anything changed in how you use your property? [Yes] [No]
36. How?___________________________________________________________________
37. Has anything else changed in how you use the landscape? [Yes] [No]
38. How?___________________________________________________________________
Section D
Uses of the trees and natural resources
39. Does your household harvest trees or any other resources? [Yes] [No] [Not Sure]
40. What do you harvest these resources for?
Use
Fuelwood
Fodder

Own Use?

Quantity/month

Sale?

Quantity/month Collection
Point

Building
Material
Furniture
Food
Medicine
Utensils
Mats/ivovo
Decorations
Thatch
Other
41. Has this changed over time?
42. How?___________________________________________________________________
43. Do trees also provide other non-direct use benefits? [Yes] [No]
44. What?
___________________________________________________________________________
45. Does it cost you anything to harvest the trees? [Yes] [No]
46. How much (money &/or time)?______________________________________________
47. Do you sell the wood? [Yes] [No] [Not Sure]
___________________________________________________________________________
48. How many hours a week do you harvest?_______________________________________
49. Do you employ someone to help you? [Yes] [No]
50. How many people?________________________________________________________
51. Has your use of trees [Increased] [Remained Constant] [Decreased] over the last 15-20?
52. Why?
___________________________________________________________________________
53. Do you do anything to try and counter the change?
___________________________________________________________________________

54. What do you think is the main cause of the increased trees in the landscape and why?
___________________________________________________________________________
55. What management strategy do you apply on the property?
___________________________________________________________________________
56. Do you have any further input or bush encroachment impacts not discussed in the
interview you would like to add?
___________________________________________________________________________

Appendix 2: Questionnaire used for game reserve managers
Part A: Biographic details
Land use type
Age
F/M
Race:
Education level
How long have you worked here?

Part B: Knowledge and Perceptions of the landscape
1. Has there been major changes in the landscape that you’ve noticed? [Yes] [No]
2. Are there more trees in the landscape? [Yes] [No] [Not sure]
3. Do you think it’s a problem? [Yes] [No] [Not sure]
4. _________________________________________________________________
5. Are they [Very Common] [Common] [Moderate] [Scarce] [Very Scarce] on your
reserve?
6. Are trees spreading on your reserve? [Yes] [No]
7. Are trees spreading in the general area? [Yes] [No]
8. Are the trees [Beneficial] [Harmful] [No Impact] for the business and the way you
manage the reserve?
9. Please explain_________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
10. Has the use of grass for grazing and water for your game changed over the years?
[Yes] [No]
11. If so, how?
_____________________________________________________________________
_____________________________________________________________________
12. Do you clear-fell? [Yes] [No]
13. Does it cost you anything to clear the trees? [Yes] [No]
14. How much (money &/or time)?___________________________________________
15. If you sell the wood, where do you sell it?
_____________________________________________________________________
_____________________________________________________________________

16. How many hours a week do you harvest?___________________________________
17. Do you employ someone to help you? [Yes] [No]
18. How many people?_____________________________________________________
19. Has the reserve’s use of trees [Increased] [Remained Constant] [Decreased] over the
last 10-20?
20. Why?
_____________________________________________________________________
_____________________________________________________________________
21. Do you have any other bush management strategies?
_____________________________________________________________________
_____________________________________________________________________
22. What does that cost in both time and money?
_____________________________________________________________________
_____________________________________________________________________
23. How often do you have to do this? _________________________________________
24. What do you think is the main cause of the increased trees in the landscape?
_____________________________________________________________________
_____________________________________________________________________
25. Why do you think so?
_____________________________________________________________________
_____________________________________________________________________

26. What management strategy do you apply on the property?
_____________________________________________________________________
_____________________________________________________________________

27. Has it been a successful strategy or do you think it would be beneficial to do
something else?

_____________________________________________________________________
_____________________________________________________________________
28. Do you have any further input or bush encroachment impacts not discussed in the
interview you would like to
add?_________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

