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African grasslands provide benefits for human communities but are negatively
impacted by climate change. Climate impacts, combined with human population
growth, can increase competition and conflict among humans and wildlife.
Grassland restoration, a type of Nature-based Solution for climate adaptation,
can improve farmers’ livelihoods by increasing the availability of water and
pasture for livestock during drought events. Grassland restoration can also
potentially help farmers adapt to climate change by providing human security
benefits through a reduction in conflicts, which can also reduce consequent
retaliatory measures on wildlife. However, those connections have not been
widely explored. This paper assesses whether grassland restoration can reduce
human-wildlife and social conflicts in Kenya. We collected information on
conflicts using household surveys implemented over 16 months in a total of
1,567 households in Chyulu Hills when grassland restoration was also
implemented. Results showed that 88.9% of the households interviewed
experienced human-wildlife conflicts and 32% experienced social conflicts.
There was a negative and significant correlation between the area restored in
each site and both the number of human-wildlife conflicts and the number of
social conflicts, showing that conflicts decrease as restoration increases. We also
used time as a proxy for restoration, as areas restored and restoration activities
increased through time. We did not find a decrease in human-wildlife conflicts
over time, but we did find an overall decrease in social conflicts over time, as well
as a reduction in the feeling of insecurity. However, not all households behave in
the same way. Households led by women experienced a higher number of social
conflicts compared to households led by men. Likewise, a higher number of
households led by women had a perception of insecurity compared to
households led by men. The results of this study provides recommendations
for future projects, stakeholders, policy and decisions makers: a) to continue
tracking conflicts in Chyulu Hills to understand the connections between
grassland restoration and conflicts in the long-term, b) to identify and scale-
up measures to mitigate human-wildlife conflicts considering the multiple
conflict-causing species, including humans, and c) to consider the needs,
perceptions and interests of women in designing strategies to mitigate conflicts.
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Introduction

African grasslands provide several biodiversity, climate
mitigation and socio-economic benefits, including the habitat for
a large diversity of animals and plant species, retention of soil
carbon, forage for livestock and tourism opportunities,
contributing to people’s livelihoods (Shackleton et al., 2005;
Matsika et al., 2013; Ferner et al., 2018; Kalvelage et al., 2020;
Mbaabu, et al., 2020). Those benefits provided by grasslands are
jeopardized by climate change as more intense and frequent
droughts affect ecosystem resilience (Buisson et al., 2019). The
impacts of climate change reduce the availability of water and
fodder for livestock and wildlife, lead to the encroachment of
woody species (Midgley and Bond, 2015), increase the prevalence
of cattle diseases and the risk of mortality of local breeds, creating an
environment less suitable for cattle (Uddin and Kebreab, 2020),
disrupting livelihoods (Uddin and Kebreab, 2020) and greatly
contributing to the climate vulnerability of pastoralists (López-i-
Gelats et al., 2012). Resource scarcity and insecurity due to climate
change have impacted peace over the last few decades (Kuusaana
and Bukari, 2015; Akov, 2017; Adams et al., 2023), putting people
and wildlife in competition for resources (Nyhus et al., 2005) and
potentially increasing the possibility of conflict both among people
and between people and wildlife (Crawford, 2015; UNDP, 2023).

Nature-based Solutions are actions that aim to restore, protect and
manage ecosystems to help address societal challenges (UNEA, 2022).
Grassland restoration, a type of Nature-based Solution for climate
adaptation, can improve farmers’ livelihoods by increasing the
availability of water and pasture for livestock during drought events.
As African grasslands maintain 60% of the livestock produced in Kenya
and support 70% of all the wildlife that is found outside protected areas
(Mwangi, 2015), grassland restoration can lead to a healthy interaction
between community members and between people and wildlife.
Grassland restoration can potentially reduce the movement of
pastoralists to access water and fodder for livestock, minimizing
conflicts with other pastoralists looking for the same resources.
Grassland restoration can also reduce the attacks of wildlife on crops
and livestock, and the consequent retaliatory killings of wildlife,
minimizing conflicts between humans and wildlife. Therefore, this
type of Nature-based Solution can potentially help farmers adapt to
climate change by providing human security benefits through a
reduction in conflicts.

Even though several studies have been conducted to understand
the drivers of human-wildlife and social conflicts in Africa (e.g.,
Makindi et al., 2014; Mekonen, 2020; Linuma et al., 2022; Zumo,
2024) there is limited information on the connections between
grassland restoration activities and the frequency of social and
human-wildlife conflicts. If grassland restoration can improve
water and pasture for livestock and wildlife, especially during
drought events, it is expected that restoration activities could
help minimize both human-wildlife and social conflicts due to
the increased availability of resources. The reduction in conflicts
due to grassland restoration would lead to positive outcomes for
both wildlife and humans. Wildlife would be less likely to suffer
retaliatory measures due to the reduced impacts of wildlife on
humans’ lives and livelihoods. Humans would be more likely to
have healthy interactions with other members of their communities
due to sufficient food and water resources for all.

This paper aims to understand the potential of grassland
restoration in providing an overlooked but critical climate
adaptation benefit: human security and peace, by reducing
human-wildlife and social conflicts. The paper assesses whether
grassland restoration, a type of Nature-based Solution for climate
change adaptation, can reduce conflicts between Maasai people and
wildlife and conflicts among members of Maasai communities. We
collected information on conflicts using household surveys
implemented in Chyulu Hills, Kenya, over 16 months when
grassland restoration was also implemented. Our hypotheses were
that both human-wildlife conflicts and social conflicts would be
negatively associated with the area of grassland restored, and would
reduce through time, which was considered a proxy for grassland
restoration in our study. We also hypothesized that human-wildlife
conflicts and social conflicts would increase during the months with
less rainfall, as droughts can increase competition among people and
between people and wildlife, thereby increasing human-wildlife and
social conflicts.

Methods

Study area

The study was conducted in Chyulu Hills, south-eastern Kenya,
where human-wildlife and social conflicts were monitored in
indigenous Maasai communities using household surveys. The
surveys were done in 4 periods between September 2022 and
October 2023, coinciding with the implementation of an existing
project, which is restoring 11,000 ha of African grasslands.
Restoration sites were selected based on community agreements
and on potential for restoration through a stakeholder workshop
conducted as part of the project in January 2020.

Chyulu Hills host iconic wildlife, including the African elephant
(Loxodonta africana), and the Black rhino (Diceros bicornis). The
Climate Risk Profile for Makueni County (MoALF, 2016), where
Chyulu Hills is located, lists it as one of the most climate vulnerable
areas in the country. Increases in the frequency and intensity of
drought events have occurred in the past 30 years, which has led to
low water availability and the dominance of less palatable grasses for
cattle. The area is expected to experience even greater changes in the
next 30 years, as the temperature is expected to increase (MoALF,
2016) and continue to impact the livelihoods of pastoralists due to
low cattle productivity and due to disturbances in the harvesting
storage and processing of cattle products.

Human-wildlife conflicts occur frequently in Kenya (Mukeka
et al., 2020), as about 70% of Kenya’s wildlife are found on private
and communal lands outside protected areas (Mwangi, 2015).
Human-wildlife conflicts have been occurring as a response to
less water availability and less palatable grass, and to the
movement of wild animals from national parks into farmlands.
Those conflicts have commonly involved African elephants,
baboons (Papio spp.) and blue monkeys (Cercopithecus mitis),
buffalos (Syncerus caffer), lions (Panthera leo), hippopotamus
(Hippopotamus amphibius) and the spotted hyena (Crocuta
crocuta) (Mukeka et al., 2020, IUCN, 2023). Human-wildlife
conflicts in the region have been common, with an average of
2,000 per year, with people injured, dead or felt threatened
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representing 44% of them (Mukeka et al., 2018; Mukeka et al., 2020).
Other common types of conflicts in the study area include livestock
death from wildlife attacks, wildlife injuries or deaths when people
retaliate, and damages to business or infrastructure by wildlife.
Limited grassland resources have also been leading to social
conflicts over access to livestock grazing areas and farmlands.

Literature review

We conducted a literature review to identify indicators and
metrics to track human-wildlife and social conflicts, the specific
types of conflicts that have been reported, and the methodology that
could be implemented to track those conflicts. In March 2022, we
used the web of science to find papers using the key words
“indicators, human-wildlife conflicts, methods, Africa.” We
identified 82 papers that had their abstracts reviewed. Of those,
53 were read and 33 presented information that helped us design our
methodology to collect data. In the same month, we conducted a
search in google scholar using the terms “indicators, social conflicts,
methods, Africa.” We identified 50 papers that had their abstracts
reviewed. Of those, 22 presented relevant information. Based on the
information extracted from the literature review (Table 1), we opted
to gather information about communities’ perceptions on the
frequency, types and magnitude of human-wildlife and social
conflicts using household surveys (Supplementary Annex S1).

Human-wildlife and social conflicts

Human-wildlife conflicts assessed in this study included crop
raiding by wildlife, livestock killing by wildlife, damages to assets and
properties by wildlife and lethal and non-lethal attacks on humans
by wildlife. Even though those conflicts can lead to retaliatory killing,
we did not collect that information to protect the people that we
interviewed as this is an illegal activity. We did however, collect
information on other strategies implemented by household
members to mitigate human-wildlife conflicts.

Social conflicts assessed in this study included damages to assets
or properties by other members of the community, injuries due to
physical conflict with other members of the community, as well as
crops damages and thefts and livestock killings and thefts by other
members of the community. We also assessed perceptions on
whether conflicts with other members of the community could
affect livestock productivity or health, and on whether livestock
productivity decreased from lost access to water or grazing resources

due to the imposition of a physical barrier, due to fear of violence
during livestock movement or due to restricted migration or
movement of livestock. We also assessed perceptions on whether
conflicts with other members of the community had damaged social
and/or economic relationships or resulted in a feeling of insecurity.
We also collected information on strategies used to mitigate
social conflicts.

Household survey sample

The household survey was conducted in two group ranches:
Mbirikani and Kuku. Each group ranch had two sites: Loosikitok
and Ilchalai in Mbirikani, and Kanzi and Motikanju in Kuku. At the
time of the survey preparations, the total number of households in
the 4 sites was 938. Loosikitok constituted of 320 households, which
represents 34% of the total number of households in the area,
Ilchalai comprised of 408 households, which represents 43% of
the total number of the households, Kanzi had 163 households,
which represents 17% of the total number of households, while
Motikanju comprised of 47 households, representing 6% of the total
number of households in the area.

The sample size necessary to get a sufficient representation of the
population in those 4 sites was derived using:

Z score( )2 * Standard of Deviation 1 − Standard of Deviation( )
margin of error( )

2

� Ƶ2 * p 1 − p( )
e2

With 5% margin of error (confidence interval) that the answers
would reflect the views of the population and with 95% confidence
level that the sample size accurately sampled the population,
meaning that we have 95% confidence that the actual mean will
fall within our confidence interval. A standard deviation of 0.5 that
we expected 50% variation among the responses.

Margin error e( ) � 5%

Confidence interval level � 95%; z − score � 1.96

Standard of deviation p( ) � 0.5

z − score � 1.96

� 1.96( )2 * 0.5 1–0.5( )
0.05( )2 � 384.16

Based on those calculations, about 385 households needed to be
surveyed out of the 938 in the area. To ensure that each site was well

TABLE 1 Types of human-wildlife conflicts and social conflicts, indicators and methodology used to track those conflicts found in the literature review.

Conflicts within communities Human-wildlife conflicts

Types of
conflicts

Livestock theft, destruction of property, killing of a person (and retaliation),
theft of other property, boundary disputes, pasture access and use disputes,
water access, and use disputes, dispute over property inheritance, insufficiently
addressed grievances.

Livestock predation, crop-raiding, property and assets destruction, people
chasing, lethal and non-lethal attacks on people, wildlife predation, disease
transmission to livestock

Indicators Conflict prevalence, frequency, intensity, causes and impacts, presence and frequency of mitigation strategies, income losses

Methodology household surveys, key informant interviews, focus groups, field observations,
participatory conflict mapping, law enforcement or other databases

household surveys, key informant interviews, interviews with farmers, field
observations, questionnaires in farmer’s meetings, records of incidents by
rangers
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represented, we sampled each site according to the proportion of the
total households they represented in the study area. The number of
households was then rounded off to suit the number of enumerators
that conducted the surveys in each site (Table 2). Given that a high
proportion of households had to be surveyed several times, we opted
to conduct the surveys in 4 time periods, conducted every
3–4 months, between September 2022 and October 2023, instead
of monthly surveys to minimize the burden of household members.

We used a systematic sampling method to select the households
to be interviewed on each site, using the interval of one from the list
of households in the area. Most of the households were interviewed
more than once. We implemented the survey with either the heads
of households or the spouses of household heads in 4 periods: period
1 = September 2022 (to capture perceptions of conflicts between
June and September 2022), period 2 = March 2023 (to capture
perceptions of conflicts between November and March 2023),
period 3 = July 2023 (to capture perceptions of conflicts between
April and July 2023), and period 4 = October 2023 (to capture
perceptions between August and October 2023).

Grassland restoration

In degraded African grasslands, there is high competition for
resources due to the limited water and pasture for both livestock
and wildlife, increasing the chances of encounters among wildlife,
people and livestock and the possibility of conflicts. With grassland
restoration, there is more space and resources for both livestock and
wildlife, decreasing the chances of encounters with wildlife and the
possibility of human-wildlife conflicts. Likewise, grassland restoration
could keep the wildlife species far from households, reducing the
consumption of crops and the predation of livestock. The same
rationale can be used for social conflicts. Grassland restoration could
reduce the chances of social conflicts due to more space and resources
available for communities to raise livestock (Schilling et al., 2012;
Okumu et al., 2017; Seter et al., 2018), reducing the chances of
conflicts among members of the community. Therefore, our
hypothesis was that the number and frequency of human-wildlife
and social conflicts would decrease as restoration would take place.

This study builds on a project that aimed to restore
11,000 hectares of grassland in the same 4 sites where household
surveys were conducted. At the time of the surveys, the restoration
project was implementing grassland restoration practices for climate

mitigation, including managing livestock in accordance with
restoration plans, pruning encroaching bushes, sourcing seeds
from existing seed banks and re-seeding degraded areas. The
restoration project started in October 2021. The project staff
collected information on the area restored (in hectares) in each
of the 4 sites over time. Area restored per site and by each period
when the household surveys took place was used in data analyses
(see below).

Data analysis

We compared the mean number of human-wildlife conflicts and
social conflicts per household among the 4 periods when we
conducted the surveys, as well as between households led by men
and women, using Kruskal-Wallis test. We compared the occurrence
of human-wildlife conflicts and social conflicts among the 4 periods
when we conducted the surveys, as well as between households led
by men and women, using Fisher test. We tested the associations
between the number of conflicts and area restored in each site,
between the number of strategies to mitigate conflicts and area
restored in each site, and between the number of conflicts and
rainfall using Pearson’s correlations. Statistical analyses were done
using R (https://www.r-project.org/). The significance level was
assessed at 0.05 unless otherwise stated.

To check whether conflicts would vary depending on rainfall, we
used the Climate Hazards Group InfraRed Precipitation with Station
data (CHIRPS) to assess rainfall data (http://chg.geog.ucsb.edu/
data/chirps/) for the study area. We calculated the monthly mean
rainfall for the study area for the period of June 2022 to October
2023 using the function Zonal statistics in QGIS. We summed the
mean rainfall values for the months that comprised each one of the
4 time periods when we conducted the surveys and used those values
in the correlations.

Results

Households surveyed and characteristics of
the communities

The total number of households interviewed, combining all
4 periods, was 1,567. The total number of households surveyed

TABLE 2 Total number of households and number of households surveyed in each site.

Group
ranches

Sites Total number of
households (and
representation based on
the total number of
households)

Number (and
percentage based
on total) of
households to be
surveyed

N. of households
surveyed (and
representation based on
total households) in each
site

Percentage of the
total households
surveyed per
group ranch

Mbirikani Loosikitok 320 (34%) 136 (34%) 140 (43%) 41%

Ilchalai 408 (43%) 172 (43%) 160 (39%)

Kuku Kanzi 163 (17%) 68 (17%) 80 (49%) 48%

Motikanju 47 (6%) 24 (6%) 20 (43%)

Total 938 400 400
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in each period was: 368 in September 2022, 400 in March 2023,
399 in July 2023, and 400 in October 2023. Most of the households
we interviewed raised livestock (96% of the interviewed households)
and some of them produced crops (28% of the interviewed
households), primarily beans (56.1% of the households that
produced crops), maize (41.3% of households that produced
crops), and tomato (18.7% of the households that produced
crops). Most interviewed households were led by men (86.9%),
most of them raised livestock (87%), a smaller percentage grew crops
(28.9%) or produced crops and raised livestock (26.9%). Most of the
households led by women raised livestock (92.6%), a smaller
percentage produced crops (22.5%), or produced crops and
raised livestock (14%).

Frequency of human-wildlife conflicts

Of the total households that we interviewed, 88.9% experienced
human-wildlife conflicts during the interview period. There was a
significant and negative association between the number of human-
wildlife conflicts reported by household members and the grassland
area restored in each site (t = −3.7719, df = 1,565, p-value < 0.001,
cor = −0.09). There were significant differences in the mean number
of human-wildlife conflicts per household through time (Kruskal-
Wallis chi-squared = 171.71, df = 3, p-value < 0.01), with the highest
number of conflicts happening in period 2 (between November
2022 and March 2023) (Figure 1).

Of the total interviewed households, 23% had at least one
member experiencing non-lethal attacks by wildlife. The most
common species involved in those conflicts included elephants
(77.19% of the non-lethal attacks recorded during the surveys),
giraffes and spotted hyenas (8.7% each). There was a significant
difference in the mean proportion of household members that
experienced non-lethal attacks by wildlife in the 4 periods
(Kruskal-Wallis chi-squared = 48.316, df = 3, p-value < 0.001),
and that proportion was higher in period 2 (between November
2022 and March 2023) and in period 4 (between August and
October 2023). There was a positive and significant association
between the number of households that have experienced non-lethal
attacks by wildlife and the different time periods when the surveys
took place, being higher between November 2022 and March
2023 and August and October 2023 (Supplementary Table S1).

A little over 66% of the households interviewed experienced
property items damaged by wildlife. Most common property items
damaged by wildlife included trees (49.9%), fences (41.7%), and
bomas (40.6%). There was a significant difference in the mean
number of items damaged by wildlife per household in the
different periods (Kruskal-Wallis chi-squared = 134.25, df = 3,
p-value < 0.001), with the highest number recorded in period 4
(between August and October 2023). There was a positive and
significant association between the number of households that have
experienced property damage by wildlife and the different time
frames (p-value < 0.001), with a higher proportion of households
experiencing property items damaged by wildlife in period 2
(between November and March 2023) (Supplementary Table S1).

Of the interviewed households that produced crops (n = 439),
74% experienced crop damage by wildlife. There was a positive and
significant association between the proportion of households that
have experienced crop damages by wildlife and the period when the
surveys took place (p-value < 0.001), with a higher proportion of
households reporting this type of conflict in period 2 (between
November 2022 and March 2023) (Supplementary Table S1). Fifty
four percent of the households that raised livestock and for which we
have information about livestock predation (n = 1,155) (please note
that we only added this question in the second round of surveys)
reported livestock predation by wildlife. There was a positive and
significant association between the proportion of households that
experienced livestock predation by wildlife and the period of the
survey (p-value < 0.001), with the higher proportion of households
reporting this type of conflict in period 2 (between November
2022 and March 2023) (Supplementary Table S1).

Perceived causes of crop and property
damages by wildlife

Environmental-related issues were perceived as the main causes
of property destruction and crop damage by most of the interviewed
households. The main perceived causes of crop damage by wildlife
were droughts (29%), limited food and/or water for wildlife (26.7%),
lack of specific land use zonation (10.6%) and lack of fences (6.5%).
The main perceived causes of property damage by wildlife were
droughts (35.5%), limited food and/or water for wildlife (34.8%),
overlap of wildlife routes with other land uses (8.1%) and increase in
wildlife population (4.8%).

FIGURE 1
Mean number of human-wildlife conflicts per household in the
different periods when the surveys were conducted (1 = September
2022, to capture perceptions of conflicts between June and
September 2022; 2 = March 2023, to capture perceptions of
conflicts between November and March 2023; 3 = July 2023,
to capture perceptions of conflicts between April and July 2023; and 4
= October 2023, to capture perceptions between August and
October 2023).
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Strategies implemented by household
members to mitigate human-wildlife
conflicts over time

There was a negative and significant association between the
number of mitigation strategies implemented by households to
address human-wildlife conflicts and the area restored in each
site (t = −2.6644, df = 1,565, p-value < 0.01, cor = −0.067).
There was an association between the proportion of households
that implemented human-wildlife conflicts and period that the
surveys took place (p-value < 0.001), with the highest proportion
of households implementing mitigation strategies in period 2
(between November 2022 and March 2023). The mean number
of mitigation strategies implemented per household differed
according to the period of the household surveys (Kruskal-Wallis
chi-squared = 37.909, df = 3, p-value < 0.001), with the highest
number recorded in the period 4 (between August and October
2023). Table 3 shows the perceived effectiveness of each mitigation
strategy by household members.

Frequency of human-wildlife conflicts in
households led by women and men

There was not a significant difference in the mean number of
human-wildlife conflicts reported in households led by women and
led by men (Kruskal-Wallis chi-squared = 1.9781, df = 1, p-value =
0.1596) and there was no association between the proportion of
households that have experienced human-wildlife conflicts and the
gender of the household head. There was not a significant difference
in the mean proportion of household members that experienced
non-lethal attacks by wildlife between households led by men or
women, nor a significant association between the proportion of
households that have experienced non-lethal attacks by wildlife and
the gender of the household. There was not a significant difference in
the mean number of items damaged by wildlife in households led by
women and men, nor a significant association between the number
of households that have experienced property damage by wildlife
and the gender of the household head. Likewise, there was not a

significant association between the number of households that had
experienced crop damage by wildlife and the head of the household.
There was, however, a significant association between the
proportion of households that experienced livestock predation by
wildlife and the head of the household (p-value < 0.001), with a
higher proportion of households led by men experiencing livestock
predation by wildlife, compared to households led by women
(Supplementary Table S3).

Number of strategies implemented by
households led by women and men to
mitigate human-wildlife conflicts

The mean number of mitigation strategies implemented per
household to mitigate human-wildlife conflicts differed according to
the gender of the household head (Kruskal-Wallis chi-squared =
31.75, df = 1, p-value < 0.001), with the highest number recorded in
households led by men. There was no association between the
proportion of households that implemented human-wildlife
conflicts and gender of the household head. Figure 2 shows the
percentage of households led by men and women that implemented
each strategy to mitigate human-wildlife conflicts.

Frequency of social conflicts

Social conflicts were experienced by 32% of the households that
we interviewed. There was a negative and significant association
between the mean number of social conflicts reported by household
members and the grassland area restored in each site (t = −2.4029, df
= 1,565, p-value < 0.05, cor = −0.06). The mean number of social
conflicts per household varied depending on the period of the survey
(Kruskal-Wallis chi-squared = 30.29, df = 3, p-value < 0.001), with
the number being lowest in period 4 (between August and October
2023) (Figure 3). There was an association between the proportion
of households that experienced social conflicts and the period when
the household surveys took place (p-value < 0.001) with the highest
proportion of households reporting social conflicts in period 2

TABLE 3 Types of strategies used to mitigate human-wildlife conflicts in interviewed households, the perceived level of effectiveness in mitigating human-
wildlife conflicts and the number of households that used each specific strategy.

Mitigation strategies to human-wildlife conflicts Highly effective Somewhat effective Not effective n

Boma 44.9% 47.0% 8.1% 1,116

Guardian dogs 35.6% 55.1% 9.2% 996

Firelight 37.0% 55.6% 7.4% 307

Human guardians 37.5% 52.5% 10.1% 427

Engaging with NGOs 52.1% 45.6% 2.2% 401

Fencing 45.1% 49.9% 5.0% 399

Chasing wildlife away 38.9% 50.0% 11.1% 18

Scarecrow 7.1% 92.9% 0 14

Restricting livestock movement 50.0% 50.0% 0 6

Chili grease 100.0% 0 0 1
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(between November 2022 andMarch 2023), and the lowest in period
4 (between August and October 2023).

Of the households interviewed, 17.6% experienced property
items damaged due to social conflicts. The mean number of
property items damaged by people per household differed
depending on the period of the surveys (Kruskal-Wallis chi-
squared = 15.193, df = 3, p-value < 0.001), being the highest in
period 3 (between April and July 2023) and lowest in period 4
(August to October 2023). There was an association between the
proportion of households that have experienced any property items
damaged by people and the period when the survey took place
(p-value < 0.05), being the highest in period 3 (between April and
July 2023) and lowest in period 4 (between August to October 2023)
(Supplementary Table S2).

The number of households that had members injured by
community members outside the household was low (3.4%) and
was lowest in the last period of the interviews (August to October
2023). There was a positive and significant association between the
proportion of households that have had members injured due to
conflicts with members of the community and the different periods
(p-value < 0.001), with those types of conflicts being lowest in period
4 (between August to October 2023) (Supplementary Table S2). Of
the households that produce crops, 25.5% experienced crop damage
by people. The mean number of times a household experienced crop
damage by people decreased over time, with the lowest value
recorded in the last period of household surveys (between August
and October 2023) (Kruskal-Wallis chi-squared = 11.603, df = 2,
p-value < 0.001) (Supplementary Table S2). Please note that this

FIGURE 2
Percentage of each strategy used by households led by women and household led by men to mitigate human-wildlife conflicts.

FIGURE 3
Mean number of social conflicts per household in the different
periods when the surveys were conducted (1 = September 2022, to
capture perceptions of conflicts between June and September 2022;
2 = March 2023, to capture perceptions of conflicts between
November and March 2023; 3 = July 2023, to capture perceptions of
conflicts between April and July 2023; and 4 = October 2023, to
capture perceptions between August and October 2023).
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information was not collected during the first period of the
interviews.

Of the 439 households that produced crops, 13.7% experienced
crop theft by people. The average number of times a household
experienced crop theft by people did not statistically differ across the
different periods. However, there was a significant association between
the proportion of households that had experienced crop theft by people
and the period of the survey (p-value< 0.05), being highest in the period
3 (between April and July of 2023) and lowest during the last period
(between August and October of 2023) (Supplementary Table S2). The
mean number of times a household experienced crop destruction by
people decreased over time, with the lowest value recorded in the last
round of surveys (Kruskal-Wallis chi-squared = 7.7864, df = 2, p-value
< 0.05) (Supplementary Table S2).

Of the households that raised livestock, and for those that we
collected that information (n = 1,155) only 4% experienced livestock
theft by people. The mean number of times a household experienced
livestock theft by people did not vary based on the period of the surveys.
However, there was a significant association between the proportion of
households that had experienced livestock theft by people and the
period of the survey (p-value < 0.05), with similar proportions in
periods 2 and 3 and a decrease in the latest period (between August and
October of 2023) (Supplementary Table S2). Themean number of times
a household experienced livestock killing by people varied based on the
period of the surveys (Kruskal-Wallis chi-squared = 7.7864, df = 2,
p-value < 0.05), being higher in periods 2 and 3, and lowest in period 4.
There was a significant association between the proportion of
households that had experienced livestock killing by people and the
period of the survey (p-value < 0.05), with similar proportions in period
3 and a decrease in the latest period (between August and October of
2023) (Supplementary Table S2).

Impacts of social conflicts on livestock
productivity and relationships

Of the households that raised livestock, 13.3% experienced
impacts on the productivity of livestock due to imposition of
physical barriers. The mean number of times a household

experienced a decreased in the productivity of livestock due to
imposition of physical barriers decreased over time (Kruskal-
Wallis chi-squared = 28.913, df = 3, p-value < 0.001)
(Figure 4A). Of the households that raised livestock, 14.2%
experienced impacts on the productivity of livestock due to fear
of violence during livestock migration or movement. The mean
number of times a household experienced that fear of violence
decreased over time (Kruskal-Wallis chi-squared = 37.295, df = 3,
p-value < 0.001) (Figure 4B). Of the households that raised livestock,
13.5% experienced impacts on the productivity of livestock due to
restricted migration. The mean number of times a household
experienced that impact decreased over time (Kruskal-Wallis chi-
squared = 34.411, df = 3, p-value = 1.622e-07) but the value in the
first period of surveys was the only one statistically higher than the
other periods (Figure 4C).

Of the households interviewed, 13.5% experienced weakened or
damaged intercommunal or social relationships due to conflicts with
other members of the community. The was a positive association
between the proportion of households that perceived weakened or
damaged intercommunal or social relationships due to conflicts with
other members of the community and the period of the survey
(p-value < 0.001), and the proportion of households that perceived
those changes varied over time, being lowest in the last period of
surveys (August to October of 2023). A little over 11% of households
have experienced loss of longstanding economic relationships due to
conflicts with other members of the community. There was a
positive association between the proportion of households that
perceived such losses and the time of the survey (p-value <
0.001), and the lowest proportion of households that have
experienced such loss recorded in the last period of household
surveys (August to October 2023).

Feeling of insecurity

There was an association between the proportion of households
that expressed a feeling of insecurity and the period of the household
surveys (p-value < 0.001), with a decrease in the perception of
insecurity by household members over time. There was also an

FIGURE 4
Mean number of times a household experienced a decrease in livestock productivity due to a physical barrier imposed by other communitymember.
Mean number of times a household experienced a decrease in livestock productivity due to fear of violence during livestock migration or movement.
Mean number of times a household experienced a decrease in livestock productivity due to restricted migration imposed by other community members
in the different periods when the surveys were conducted (1 = September 2022, to capture perceptions of conflicts between June and September
2022; 2 = March 2023, to capture perceptions of conflicts between November and March 2023; 3 = July 2023, to capture perceptions of conflicts
between April and July 2023; and 4 = October 2023, to capture perceptions between August and October 2023).
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association between the occurrence of human-wildlife conflicts and
the feeling of insecurity (p-value < 0.001) and between the
occurrence of social conflicts and the feeling of insecurity
reported by households (p-value < 0.001). There were
associations between the use of mitigation strategies to address
human-wildlife conflicts and the feeling of insecurity (p-value <
0.001) and between the use of mitigation strategies to address social
conflicts and the feeling of insecurity (p-value < 0.05).

Perceived causes of injuries and property
damages by other members of
the community

The main perceived causes of property damage by other
members of the community were land disputes (26.3%), social
disagreements (16.2%), lack of food and/or water (14.7%) and
droughts (10.2%). The main perceived causes of injuries by other
members of the community were social disagreements (28.3%), lack
of food and/or water (20.7%), influences of drugs or alcohol
(13.21%) and land disputes (9.4%).

Strategies implemented by household
members to mitigate social conflicts
over time

There was a negative and significant association between the
mean number of mitigation strategies implemented by households
to address social conflicts and the area restored in each site (t
= −8.282, df = 1,565, p-value < 0.001, cor = −0.2049093). There was
an association between the proportion of households that
implemented strategies to address social conflicts and the period
of the surveys (p-value < 0.001), with the number being highest in
the period 2 (November toMarch 2023) and lowest in the last period
of interviews (August to October 2023). However, the mean number

of mitigation strategies implemented per household to mitigate
social conflicts did not differ across the different periods we
conducted the survey. Table 4 shows the perceived effectiveness
of each mitigation strategy reported by household members.

Frequency of social conflicts in households
led by women and men

The mean number of social conflicts per household varied
depending on gender of the household head (Kruskal-Wallis chi-

TABLE 4 Types of strategies used tomitigate social conflicts in interviewed household, the perceived level of effectiveness in mitigating social conflicts and
the number of households that used each specific strategy.

Mitigation strategies to social conflicts Highly effective Somewhat effective Not effective n

Engaging community leaders 67.4% 30.5% 2.0% 639

Restricting people’s mobility 78.0% 21.6% 0.4% 496

Land tenure arrangements 59.7% 40.0% 0.2% 412

Fencing 43.3% 55.6% 1.1% 360

Restricting livestock movement 51.6% 44.1% 4.2% 306

Land use arrangements 47.5% 52.5% 303

Keeping livestock closer 59.9% 37.5% 2.6% 267

Engaging with law enforcement 62.8% 35.8% 1.3% 226

Engaging with institutions 60.6% 36.4% 3.0% 132

Guardian dogs 21.7% 72.3% 6.0% 83

Engaging with NGOs 45.2% 52.4% 2.4% 42

Human guardians 30% 70% 10

FIGURE 5
Mean number of social conflicts per household in the different
household survey rounds (round 1 = September 2022, to capture
perceptions of conflicts between June and September 2022; round 2
= March 2023, to capture perceptions of conflicts between
November and March 2023; round 3 = July 2023, to capture
perceptions of conflicts between April and July 2023, and round
4 = October 2023, to capture perceptions between August to
October 2023).
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squared = 17.307, df = 1, p-value < 0.001), with a lower number
reported in households led by men (Figure 5). There was an
association between the proportion of households that
experienced social conflicts and gender of the household head
(p-value < 0.001), which was also lower in households led by men.

The mean number of property items damaged by people per
household differed depending on gender of the household head
(Kruskal-Wallis chi-squared = 16.786, df = 1, p-value < 0.001), being
the highest in households led by women. There was an association
between the proportion of households that have experienced any
property items damaged by people and the gender of the household
head (p-value < 0.05), being the highest in households led by
women. The was not a significant association between the mean
number of households that have had members injured due to
conflicts with members of the community and the gender of the
household head.

The mean number of times a household experienced crop
destruction by people did not vary based on the gender of the
household head, nor there was a significant association between the
mean number of households that had experienced crop damage by
people and the gender of the household head. Likewise, the mean
number of times a household experienced crop theft by people did
not statistically vary based on the gender of the household head, and
there was not a significant association between the proportion of
households that had experienced crop theft by people and the gender
of the household head.

In contrast, the mean number of times a household experienced
livestock killing by people statistically differed based on the gender
of the household head (Kruskal-Wallis chi-squared = 7.7829, df = 1,
p-value < 0.05), with the number twice as high in households led by
women than men. The mean number of times a household
experienced livestock theft by people did not vary based on the
gender of the household head and there was not a significant
association between the proportion of households that had
experienced livestock killing by people and the gender of the
household head (Supplementary Table S4).

Impacts of social conflicts on livestock
productivity and relationships in households
led by women and men

The mean number of times households experienced a decrease
in livestock productivity due to the imposition of physical barriers
varied in households led by women and men (Kruskal-Wallis chi-
squared = 3.7976, df = 1, p-value = 0.05133) and the number was
higher in households led by women. The mean number of times
households experienced a decrease in livestock productivity due to
fear of violence during livestock migration or movement did not
vary based on the gender of the household head. However, there was
an association between the proportion of households that
experienced impacts on livestock productivity due to fear of
violence and the gender of the household head (p-value < 0.05)
with the highest proportion in households led by women. The mean
number of times a household experienced a decrease in livestock
productivity due to restricted migration did not change based on the
gender of the household head. However, there was an association
between the proportion of households that experienced impacts on

the productivity of livestock due to restricted migration and the
gender of the household head (p-value < 0.05), with the highest
proportion recorded for households led by women.

There was not a positive association between the proportion of
households that perceived weakened or damaged intercommunal or
social relationships due to conflicts with other members of the
community and the gender of the household head. However, there
was a positive association between the proportion of households that
perceived loss of longstanding economic relationships due to social
conflicts and the gender of the household head (p-value < 0.05), with
the highest proportion reported in households led by women.

Feeling of insecurity in households led by
women and men

There was a significant association between the proportion of
households reporting the feeling of insecurity and the gender of the
household head (p-value < 0.05), with a higher proportion of
households led by women reporting a feeling of insecurity
compared to households led by men.

Number of strategies implemented by
households led by women and men to
mitigate social conflicts

The mean number of mitigation strategies implemented per
household to mitigate social conflicts differed according to the
gender of the household (Kruskal-Wallis chi-squared = 3.5833, df
= 1, p-value =0.05), with a higher number of mitigation strategies
being implemented in households led by men. Figure 6 shows the
percentage of households led by men and women that implemented
each strategy to mitigate social conflicts.

Associations between conflicts and
strategies implemented to mitigate conflicts

There was a positive and significant correlation between the
number of types of human-wildlife conflicts experienced by
households and the number of strategies implemented to mitigate
conflicts with wildlife (t = 3.899, df = 1,565, p-value < 0.001, cor =
0.09) and between the occurrence of human-wildlife conflicts and
the implementation of mitigation strategies to address those types of
conflicts (p-value < 0.001). There was not a significant correlation
between the number of types of social conflicts perceived and the
number of strategies implemented to mitigate conflicts (t = 1.2157,
df = 1,565, p-value = 0.2243) but there was a positive association
between the occurrence of social conflicts and the implementation of
mitigation strategies to address those conflicts (p-value < 0.001).

Association between variables and rainfall

Between the first and the last set of interviews (June 2022 and
October 2023), the sum of the average rainfall in the study area was
480 mm (Climate Hazards Group InfraRed Precipitation with
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Station data CHIRPS). During that period, April and November
were the months with most rainfall.

There were positive and significant correlations between rainfall
and the number of human-wildlife conflicts per household (t =
11.086, df = 1,565, p-value < 0.001, cor = 0.26), the number of
mitigation strategies used to address human-wildlife conflicts (t =
2.2344, df = 1,565, p-value < 0.05, cor = 0.05), the number of social
conflicts (t = 3.36, df = 1,565, p-value < 0.001, cor = 0.08), the
number of property items damaged by wildlife (t = 3.7721, df =
1,411, p-value < 0.001, cor = 0.09), the number of items damaged by
people (t = 2.035, df = 1,565, p-value < 0.05, cor = 0.05), the number
of times crops were damaged by people (t = 2.473, df = 103, p-value <
0.05, cor = 0.23) and the number of livestock killing by people (t =
2.8609, df = 35, p-value < 0.01, cor = 0.43). There was a negative and
significant correlation between the number of times livestock
productivity decreased due to restricted migration and rainfall (t
= −2.3593, df = 203, p-value<0.05, cor = −0.16).

However, there were not significant correlations between rainfall
and number of mitigation strategies implemented to address social
conflicts (t = −0.52452, df = 1,565, p-value = 0.6), the number of
times crops were stolen by people (t = 0.48685, df = 53, p-value =
0.6284), the number of times livestock was stolen by people (t =
1.164, df = 36, p-value = 0.2521), the number of times livestock
productivity decreased due to the imposition of physical barriers (t
= −1.4452, df = 201, p-value = 0.15) and the number of times
livestock productivity decreased due to fear of violence during
livestock migration or movement (t = 0.042665, df = 214, p-value
= 0.966).

Discussion

Human-wildlife conflicts were negatively
associated with the area of grassland
restoration but did not decrease over time

The number of human-wildlife conflicts reported by the
households decreased as the restored areas increased, showing
that grassland restoration is likely playing some role in reducing
human-wildlife conflicts. We also used time as a proxy for grassland
restoration, as areas restored, and restoration activities increased
through time. However, we did not find a decrease in human-
wildlife conflicts through time as expected. That could be because
restoration is taking place in a relatively small area, whereas most of
the animals involved with those conflicts (e.g., elephants, lions,
buffalos and giraffes) have a large home range, which can reach
hundreds of Km2 (Tuqa et al., 2014; Naidoo et al., 2012; Knüsel et al.,
2019), potentially limiting the role of the restoration efforts that
happen in a small scale on the occurrence and frequency of human-
wildlife conflicts. Therefore, there is a need to scale-up and to
coordinate, in time and space, restoration interventions to
maximize the potential of grassland restoration in reducing
human-wildlife conflicts, considering migratory patterns, life-
history strategies and spatial behavior of species engaged in those
types of conflicts.

We did find, however, that environmental issues (including
droughts and limited water and food for wildlife) are perceived by
the household members we interviewed as the main causes of

FIGURE 6
Percentage of each strategy used by households led by women and household led by men to mitigate social conflicts.
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conflicts with wildlife, due to the tight connections between the
landscape, wildlife, and communities in Chyulu Hills. Due to
those tight connections, about 89% of the households we
interviewed had experienced human-wildlife conflicts.
Elephants were, by far, the animals most involved in non-
lethal attacks on humans, followed by giraffes and spotted
hyenas. The results are consistent with other studies that
reported elephants being the animals more frequently involved
in conflicts with humans (Acharya et al., 2016; Gubbi, 2012).
Because of their large body size, high food requirements and large
home ranges, large herbivores (Lindstedt et al., 1986; Thouless,
1996) have a higher chance to encounter humans when foraging.

Overall, a high number of human-wildlife conflicts was
accompanied by a high number of mitigation strategies used to
address them. Most of the strategies used to mitigate human-wildlife
conflict were considered “somewhat effective” by the household
members we interviewed. This is probably because it is difficult to
implement a few strategies that can be highly effective inmitigating a
variety of types of conflicts (e.g., crop raiding, property damages,
livestock predation) caused by a variety of wildlife species (e.g.,
elephants, giraffes, buffalos).

Social conflicts were negatively associated
with the area of grassland restoration and
decreased over time

The number of social conflicts reported by the households
decreased as the restored areas increased. Likewise, we found an
overall decrease in social conflicts and a reduction in the feeling
of insecurity over time perceived by the household members we
interviewed. Those results are very encouraging as grassland
restoration is also likely playing some role in the reduction of
social conflicts in our study area. One similarity between human-
wildlife conflicts and social conflicts is that environmental-
related issues, especially droughts, and limited water and food
are perceived as causes of those types of conflicts. That agrees
with what has been found in other studies that show that
competition over resources is a major driver of social
conflicts (Mamuda et al., 2017; Feldt et al., 2020; Lenshie
et al., 2020).

Results differed according to the gender of
the household head, with households led by
women experiencing more social conflicts

Despite observed overall changes in social and human-wildlife
conflicts through time and/or with restoration activities, households
led by women and men are experiencing conflicts differently. There
was not a significant difference in the number of human-wildlife
conflicts perceived in households led by women from those
perceived in households led by men and no significant
association between the occurrence of human-wildlife conflicts
and the gender of the household. The only exception was a
significant association between the proportion of households that
have experienced livestock predation by wildlife and the gender of
the household, with a higher proportion of households led by men

experiencing livestock predation. This could be because households
led by men had on average, three times more livestock compared to
households led by women, which could lead to a higher chance of
livestock being preyed upon.

This similarity in the human-wildlife conflicts perceived by
households led by women and men are expected, given that
wildlife species do not likely make any distinguishment
between households led by men from those led by women.
Despite not experiencing a higher number of human-wildlife
conflicts, households led by men implemented a higher number
of mitigation strategies to deal with human-wildlife conflicts
compared to households led by women. That may give some
sort of advantage for households led by men as a higher number
of mitigation strategies could better protect those households
from a variety of types of human-wildlife conflicts.

Even though there were no significant differences in the number
of human-wildlife conflicts experienced by household led by men
and women, there were significant differences in social conflicts
between households led by men and households led by women.
Households led by women experienced more social conflicts when
compared to households led by men, including the number of
property items damaged by other members of the community
and livestock killings by other members of the community. There
were also significant associations between the gender of the
household head and the proportions of households that
experienced impacts on livestock productivity due to fear of
violence and due to restrictions in migration. In both cases, a
higher proportion of households led by women reported those
compared to households led by men.

Despite perceiving more social conflicts, households led by
women did not implement more mitigation strategies to address
those types of conflicts. This perception of higher social conflicts
by households led by women, combined with a lower number of
strategies implemented to mitigate conflicts, could explain the
higher proportion of households led by women that shared a
feeling of insecurity, compared to the number of households led
by men. A high number of social conflicts and low number of
mitigation strategies implemented in households led by women
compared to households led by men could represent a
disadvantage for households led by women. Future strategies
and measures implemented in the area to mitigate human-
wildlife and social conflicts should take that information into
account to ensure that households led by men and women are
going to be equally supported when conflict-mitigating actions
take place.

Rainfall as a key factor in human-wildlife
conflicts and in social conflicts

Our data shows that the number of human-wildlife conflicts, the
number of strategies to address those conflicts, as well as livestock
predation, crop raiding, property damage and non-lethal attacks on
humans by wildlife were more common during the rainy season.
Those results are different from what we hypothesized, as droughts
can increase competition and, therefore, conflicts between people
and wildlife, but aligned with what other studies have shown.
Mukeka et al. (2019) found that crop raiding peaked in the late
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wet season in the Masai Mara region of Narok County, Kenya, when
crops mature. This is one of the explanations for the higher crop
raiding and for the highest proportion of households that have
experienced crop raiding during the rainy season.

Similarly, we found that livestock predation was higher in the
rainy season and that is when natural prey density is lowest, and
therefore difficult to find and catch, primarily due to their migration
patterns, with carnivores then turning to livestock as their main prey
during the rainy season (Patterson et al., 2004; Ogutu et al., 2008;
Bhola et al., 2012; Mukeka et al., 2019). Reduced wild prey base
(Karani et al., 1995) and large home ranges can lead to predators
turning on to domestic livestock (Treves and Karanth, 2003).
Livestock predation has also been shown to increase during the
rainy season in the Masai Mara region of Narok County (Mukeka
et al., 2019; Kolowski and Holekamp, 2006) and in Tsavo in Kenya
(Patterson et al., 2004).

Rainfall also impacted the number of social conflicts. We found
that the total number of social conflicts, the number of items
damaged by people, the number of times crops were damaged by
people and the number of livestock killings by people were all
positively and significantly associated with rainfall. This is different
from what we would expect, as droughts could increase competition
for areas amongst pastoralists and were considered important
drivers of conflicts according to community members. Some
studies on the connections between changes in climatic
conditions and increased risk of conflict found that excess
precipitation could be responsible for raising violence (Klomp
and Bulte, 2013; Salehyan and Hendrix, 2014; Theisen, 2012;
Witsenburg and Adano, 2009). One explanation for the increased
frequency of social conflicts during the rainy season is that rainfall
would increase grassland conditions for a brief time, after an
excessively dry period, attracting a high number of pastoralists to
those areas that could confront over available resources.

Conclusion

The negative associations between the area of grassland restored
and both the number of human-wildlife conflicts and social conflicts
are very encouraging as those associations show that the number of
conflicts can potentially decrease with grassland restoration.
Furthermore, decreases in both social conflicts and in the feeling
of insecurity over time are also important results as grassland
restoration may likely be playing a role in reducing social
conflicts and the overall feeling of insecurity perceived by
households. Even though, in general, conflicts have been more
common during the rainy season, Maasai communities in the
study area are experiencing conflicts all year round. Therefore,
strategies to improve the lives of communities, without negatively
affecting the landscape and wildlife, should be implemented all year
round and target the root causes of conflicts in different seasons. In
addition to finding a positive association between grassland
restoration and the reduction in conflicts, our study sheds light
into a critical issue: the differences in the number of conflicts
experienced by households led by women and by households led
by men. The significantly higher number of social conflicts
experienced by households led by women, combined with the
lower number of mitigation strategies implemented to address

conflicts in those households, are concerning. Therefore, future
conflict-mitigation actions should consider those gender
differences to be effective.

Despite the importance of this study in assessing the
connections between grassland restoration and conflicts, it has
some limitations. First, we only have 16 months of data, and
therefore, tracking conflicts should continue in the area to
understand long-term patterns, especially concerning the role of
grassland restoration in the observed changes. Second, the
information we asked refers to a set of conflicts and mitigation
strategies we have identified previously. Therefore, other types of
conflicts and mitigation strategies may have been happening in the
area and should be explored. However, many insights were gained
regarding human-wildlife and social conflicts in the Chyulu Hills,
Kenya, that could be occurring in other places with similar settings.
Third, household surveys do not proper capture retaliatory
measures on wildlife. Therefore, types of human-wildlife conflicts
that have negative outcomes to wildlife should be assessed using a
different methodology or through government databases (e.g., from
Kenya Wildlife Service).

The results of this study provides recommendations for
future projects, stakeholders, policy and decisions makers: 1)
to continue to track conflicts in Chyulu Hills to better understand
the connections between grassland restoration and conflicts in
the long-term, and to identify key strategies that can effectively
minimize both human-wildlife conflicts and social conflicts; 2) to
identify measures to mitigate human-wildlife conflicts
considering the multiple conflict-causing species, including
humans, and spatial heterogeneity in the intensity and
predominant outcome of conflicts; 3) to urgently address
social conflicts in households led by women, which are the
most impacted by those types of conflicts; 4) to strongly
consider the needs, perceptions and interests of women while
designing strategies to mitigate human-wildlife conflicts and
social conflicts and 5) to scale-up and to coordinate, in time
and space, restoration interventions to potentially reduce
human-wildlife conflicts by improving the land to wildlife
species involved in those types of conflicts, especially to those
with large body sizes and home ranges.
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