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Abstract
Human-wildlife conflicts involving non-human primates are increasing in agricultural landscapes, yet such conflicts remain understudied compared to those
caused by large mammals. This study sought to assess farmer’s perception about patterns of crop raiding events by vervet monkeys, and the methods they
use to mitigate the damages in agricultural landscapes east of Mount Kenya. Household questionnaires were used to collect data from a sample of 346
respondents. The results reveal that farmers experience serious crop losses which is undermining food security, and socio-economic wellbeing of the
community. The community considers killing of the monkeys as the best crop protection strategy and some have opted to clearing of trees which has serious
conservation implications. This study demonstrates the need to act swiftly to develop science-based mitigation strategies for crop losses caused by
primates, particularly given that compensation for primate-induced damages is generally absent from most national wildlife management legal frameworks.

Introduction
The conversion of natural land into farmland is associated with biodiversity loss but some wildlife species are drawn into farmlands (Green et al., 2005),
resulting to complex interactions with human activities. In most cases the interactions take the form of human-wildlife conflicts when the action of one has a
negative effect on the other (Torres et al., 2018; Harris et al., 2023). Many species of non-human primates ranging from the great apes, monkeys, to
prosimians like lemurs are known to include cultivated food into their feeding repertoires (Hill, 2017) due to an inherent food niche overlap with humans
(Jaeggi & Gurven, 2013). It is therefore inevitable that the expansion of agriculture to natural habitats often leads to conflicts, particularly through crop
raiding. Studies in many parts of Asia and Africa reveal that primates demonstrate sophisticated crop selection patterns, with a particular preference for
maize and other staple crops, and exhibit strategic timing in their foraging activities (Jaleta & Tekalign, 2023; Karki et al., 2024). Apparently, subsistence
farmers living adjacent to protected areas have borne the bulk of the crop depredation associated with nonhuman primates (Mc Guinness & Taylor, 2014).

In Africa, a wide suite of non-human primate species has been previously implicated in human wildlife conflicts. For example, research in the Southern
Ethiopia revealed that olive baboon (Papio anubis), vervet monkey (Chlorocebus pygerythrus), and grivet monkey (Chlorocebus aethiops) were the most
important crop pests of maize, teff and barley (Alemayehu & Tekalign, 2022; Deneke et al., 2024) and in Southwest Ethiopia, olive baboon and vervet monkey
were identified as the most notorious crop raiders (Mamo et al., 2021). A similar study in Ghana found that the most troublesome and destructive monkey
species were Olive baboons (Papio anubis); patas monkeys (Erythrocebus patas); and green monkeys (Cercocerbus sabaeus) (Wiafe, 2019). Chimpanzees
have also been reported to cause antagonistic interactions with humans in countries such as Sierra Leone (Garriga et al., 2018), Uganda (Kyokuhaire et al.,
2023) and Senegal (Dotras et al., 2024). Some of the other case studies on human-primate conflicts include Rwanda (Ndayishimiye et al., 2023), Kenya
(Siljander et al., 2020), South Africa (Findlay & Hill, 2020) and DR Congo (Kazaba et al., 2020).

Crop damage by primates can lead to substantial economic losses for farmers and threaten food security of local communities, particularly subsistence
farmers who rely heavily on their agricultural production. In many regions, especially in Eastern and Southern Africa, maize is the major staple food (Adeola et
al., 2018) and is particularly vulnerable to primate foraging. For example, in southern Ethiopia, maize yield losses due to primate damage were reported to be
as high as 43.1% in protected fields (Jaleta & Tekalign, 2023). Primates frequently target crops like maize, barley, teff, potatoes, sorghum (Alemayehu &
Tekalign, 2022), but a variety of other crops such as butternut squash, beans, macadamia, avocadoes, bananas, sugarcane, irish potatoes and sweet
potatoes are vulnerable (Findlay & Hill, 2020; Siljander et al., 2020). Besides direct crop loss, farmers incur additional costs and spend more time protecting
their crops, which further impacts on their livelihoods (Manoa et al., 2021). In some cases, primates especially baboons damage unpalatable crops that they
don’t eat but destroy for their own entertainment (Hill & Webber, 2010). The economic impact of primate crop raiding on smallholder farmers can be severe,
threatening both immediate food security long-term livelihoods. Crop raiding affects not only the quantity of harvest but also the quality of crops, with
farmers reporting reduced fruiting, stunted growth, poor seed production, and decreased overall yield as consequences of primate damage (Tweheyo et
al.,2005; Wiafe, 2019; Jaleta & Tekalign, 2023). Unfortunately, the nature of such interactions is intensifying as agricultural expansion continues to fragment
primate habitats, bringing humans and primates into closer proximity and more frequent conflict. This necessitates innovative approaches to balance the
needs of both humans and nonhuman primates.

The manipulative abilities and social learning capacity of primates make them particularly effective crop raiders, as they can quickly adapt to and overcome
traditional deterrent methods implemented by farmers (Naughton-Treves, 1998). Primates, particularly monkeys, are opportunistic omnivores that readily
adapt their feeding behaviors to exploit new food sources, including cultivated crops that often provide higher caloric returns than natural foods (Cancelliere
et al., 2018). Their manipulative abilities and problem-solving skills allow them to overcome simple deterrents and access crops even when farmers
implement protective measures. Studies have documented that primates can become habituated to scarecrows and other traditional deterrents, requiring
farmers to continuously adapt their protection strategies (Lee & Priston, 2005). The social structure of many primate species facilitates knowledge transfer
about effective raiding techniques, allowing entire groups to quickly learn optimal crop raiding strategies through observation and imitation (Lee, & Priston,
2005; Humle & Hill, 2016). Thus, most traditional methods typically provide only short-term solutions to conflicts with primates.

Although much attention has been given to human-wildlife conflicts in Kenya, most of the studies have focused on trying to understand the nature of
conflicts caused by elephants and carnivores (Mukeka et al., 2018; Von Hagen et al., 2023. In the recent years there has been increasing media reports about
crop damage caused by vervet monkeys and other primates in the agricultural landscapes of eastern Mount Kenya forest. However, the nature of the
conflicts and the conservation implications of the conflicts had not been fully documented and this prompted the conceptualization of this study. Numerous
studies have shown that human wildlife conflicts can cause serious negative implications to the rural communities, threatening the socio-economic
wellbeing of the people and undermining the support of the local communities towards conservation agenda especially in developing countries (Torres et al.,
2018; Schell et al., 2021). Based on this background, the current study aims to provide baseline information about the current situation of the nature of local
community interactions with non-human primates in Maara Subcounty, located on the eastern side of the Mount Kenya forest. The study aimed to address
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three objectives: (1) determine the frequency of conflicts and the crops targeted, (2) assess the local community perception of the losses caused and their
implications, and (3) to evaluate the effectiveness of strategies used to mitigate the conflicts from velvet monkeys.

Material and methods
Description of the study area

The study area lies on the eastern side of Mount Kenya between 37° 34′E and 37° 50′E longitudes and 00°12′S and 00°18′S latitudes and at an altitude of
between 1250 and 2000m above sea (Fig. 1).  Temperatures range between 8 °C and 32 °C. The area receives an annual precipitation ranging from 600mm to
about 1800mm. The rainfall follows a bimodal pattern with longer rains occurring between March to May, and the shorter rains between October to
December (Schmocker et al., 2016).

The majority of the households are smallholder farmers who grow a high diversity of crops mainly for domestic consumption but maize (Zea mays) and
beans (Phaseolus vulgaris) are the most preferred type of crops. Other dominant crops include bananas (Musa acuminata), tea (Camellia sinensis), coffee
(Coffea spp) and macadamia (Macadamia integrifolia) (Rotich et al., 2025a). Most of the households practice livestock production that comprises of poultry,
dairy cattle, goats and sheep. In addition, agroforestry is commonly practiced (Mugambi et al., 2024) and mainly comprises of exotic plant species especially
silk oak (Grevillea robusta) and gum tree (Eucalyptus sp.) trees. Although scattered, remnants of indigenous trees can also be found especially on the steep
ridges and forms thickets that are dense enough to provide habitats for monkeys and small mammals. It is also important to note that the upper area
borders the Easten side of the Mount Kenya National Reserve. The forest is recognized as an Important Bird Area (IBA) and is home to many wildlife species
of conservation concern. Together with the contiguous conservation area, it is a habitat for the African elephant (Loxodonta africana); black rhinoceros
(Diceros bicornis); white rhinoceros (Ceratotherium simum simum), the mountain Bongo (Tragelaphus eurycerus isaaci) and several species of non-human
primates (Rotich et al., 2025b).

Data Collection

A preliminary study was conducted from October to December 2024 to identify areas where cases of human-primate conflicts were being reported. Data for
this study was collected from January 2025 to November 2025 using 346 questionnaires that consisted open and closed questions on demographic
information of the respondent, basic knowledge of the monkeys, the nature of interactions with the monkeys, types of damages they cause, attitudes and
control measures. Permission was obtained from the local administrative offices to conduct the research in the identified areas using a purposive approach
whereby villages where presence of conflicts with the vervet monkeys had been reported were targeted. In the villages, households were selected using
simple random methods but only respondents who indicated their willingness to participate in the survey and aged 20 years and above were involved. Before
administering the questionnaire, the informants were briefed about the purpose of the survey and then their consent to participate was sought and were
guaranteed confidential handling of informant data. All the questionnaires were filled on the spot.  

2.3 Data analysis

Descriptive statistics in form of percentages and frequencies were used to analyze socio-demographic profiles of the respondents and also to analyze local
community perception about their knowledge of vervet monkeys, length and trend in interactions with the monkeys, types of damages they cause and the
methods they use to mitigate the damages. Chi-square goodness-of-fit test was use to determine how well the distribution of the frequencies of responses
matched the expected distribution. Analysis of variance (ANOVA) was used to compare means for the losses in maize and macadamia. All tests were done
at 95% confidence interval.  Graphs, tables and figures were used to summarize and present the results. SPSS version 26.0 computer software was used to
analyze the data.

Results
Socio-demography of participants

A total of 346 respondents participated in the survey (Table 1), with an almost equal representation of male (51%) and female (49%) respondents in the
survey.  In terms of age, 21% of the respondents were between 20 years and 35 years, 30% were between 36 and 45 years, 24% were between 46 and 55
years and 26% were aged 55 years and above. Out of the 346 respondents, only 4% had no formal education, whereas 35% had attained primary level
education, 33% had secondary level education and 28% had post-secondary education level. All the respondents practiced some level of farming, with 74%
depending on farming as their main source of income.

Table 1 Demographic characteristics of respondents in the study area showing the age, gender education level and main source of income
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Respondent profile Frequency Percent

Age 20-35 72 21

36-45 103 30

46-55 82 24

Over 56 89 26

Gender Male 178 51

Female 168 49

Level of Education No formal education 14 4

Primary 121 35

Secondary 114 33

Post secondary 97 28

Main source of income Farmer 256 74

Others 90 26

Crop raiding patterns

All the respondents (n=346) reported that they had seen vervet monkeys before and therefore they could identify the animal (Table 2). However, the
respondents differed significantly in terms of the duration of time they had experienced crop raiding events (𝜒2 =39.32; df= 3; P <0.001). Most of the farmers
revealed that they had experienced conflicts with the monkeys over the last 10 years. Out the 346 respondents, 23% reported that they had experienced
conflicts with the monkeys for less than a year whereas 34% and 31% had experienced conflicts between 2 and 5 years, and between 6 and 10 years
respectively. Only 12% of the respondents had experienced conflicts with the monkeys for more than 10 years. Most of the respondents (76%) reported that
they experienced crop raiding events more than 5 times in a season. As shown in Table 1, 49% of the respondents reported a frequency of 3 to 5 times per
season whereas, 10% reported a frequency of less than 3 times per season. These differences differed significantly (𝜒2 =280.62; df=2; P<0.001). 

In addition, the respondents differed significantly concerning the trend in crop raiding events over the years (𝜒2 =129.66; df=2; P-value: <0.001). The majority
of the respondents (63%), felt that crop damages by the monkeys were increasing while 20% felt that there had been no change. Only 17% of the respondents
felt that there had been a decline in crop damages caused by the monkeys. There were significant differences among the respondents on their perception of
the time of the year when they experience crop raiding events (𝜒2 =75.63; df=2; P-value: <0.001) and also the time of the day when most of the crop raiding
events take place (𝜒2 =16.02; df= 2; P-value: <0.001). According to the majority of the respondents (52%), conflicts with vervet monkeys are experienced
throughout the year in both dry and wet seasons although a relatively high proportion of the respondents (34%), reported that most of the conflicts are
experienced during wet seasons when food crops are in the field. Most of the crop raiding events take place during the morning hours according to 57% of
the respondents. Others reported that they have experienced crop raiding activities by the vervet monkeys at midday (20%) and in the evenings (23%). In
addition, although statistically the respondents expressed significant differences regarding their views on the seriousness of vervet problem (𝜒2 =220.91; df=
4; P-value: <0.001) it is was clear that most of the respondents felt that vervet monkeys were a serious problem in their farms (Fig. 2). In this case, 45% of the
participants said that the problem was very serious whereas only 3% said that vervet monkeys were not a problem at all.

Table 2 Patterns of crop raiding events by vervet monkeys in Maara Sub County according to the farmers
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  Nature of the interaction Responses

1 How frequently do you see monkeys in this area 1. Rarely- Less than thrice per 

2. Sometimes 3-5 times per se

    3. Often- More than 5 times pe

2 For how long have you experienced crop damage from primates? 1.      Less than 1 Year, 

2.      2 to 5 years, 119

3.      5 to 10 years, 106

4.      Over 10 years 43 12

3 How do you rate the trend in crop damage by primates: 1.      Increasing   

2.      Not changing 68

3.      Decreasing    59

4 What time of the year do you experience crop raiding by the monkeys? 1.      Rainy season,

2.      Dry season, 48

3.      Both dry and wet seasons 180

5 At what time of the day do you experience most of crop raiding events by the monkeys? 1.      Morning

2.      Midday 69

3.      Evening 78

Implications of crop raiding behaviour

All the respondents practiced mixed farming which included a variety of food crops and cash crops. Maize was the most common crop that was targeted by
the vervet monkeys according to 98% of the respondents. Other major food crops that were cited included beans (47%), vegetables (34%), and bananas
(26%) whereas macadamia was the most vulnerable cash crop according to 30% of the respondents (Fig. 3). Estimates of the percentages of maize crop that
had ever been damaged or lost during the most serious raiding event by vervet monkeys included losses of between 25% and 50% reported by most of the
repondents (38%), while 18% of the respondents reported losses of over 75%. The differences among respondents concerning the proportion of maize
damaged by vervet monkeys differed significantly (𝜒2 =51.55; df= 3; p <0.001). Additionally, estimates on the cost of maize and macadamia lost to vervet
monkeys within a period of one year amounted to about USD 41.77 and USD 66.44 respectively (Fig. 4). These differences were statistically significant (F(1,

440)= 28.82; p<0.001).

All the respondents in this survey (n=346) perceived that vervet monkeys were of no benefit to them. However, using a Likert scale, it was found that about
half of the respondents revealed that some members of the local community could readily consume meat from vervet monkeys. Results indicated that 30%
of the respondents agreed while 15% strongly agreed to the idea that vervet monkeys are considered as source of meat in the community. On the other hand,
20% disagreed whereas 22% strongly disagreed. On the idea of velvet monkeys being a delicousy (Fig. 5). 
There were significant differences on the perception of the respondents regarding the negative implications of the presence of vervet monkeys in the area
(𝜒2 =51.97; df=4; p<0.001). Almost all of the respondents (98%; n=339) cited loss of food as the main problem associated with vervet monkeys in the study
area (Fig. 6). This was closely followed by loss of income (82%) and loss of time that is spend safeguarding the crops from vervet monkeys. 43% of the
respondents also reported that the vervet monkeys had led to loss of trees because some farmers were forced to cut down trees and clear bushes in their
farms as a way of discouraging the monkeys from invading their crops. In addition, 27% of the respondents reported two negative implications attributed to
vervet monkeys that included loss of time spent by men guarding the crops and chasing away the vervet monkeys as well as conflict between landowners
and parties chasing the monkeys when they have to clear some thickets to force the monkeys away. An example cited by one of the respondents
demonstrated that some community members who love agroforestry have been blamed for providing habitats for the monkeys that are invading crops and
impoverishing the community.  

Vervet monkey control strategies

Respondents employed five strategies to reduce damages caused by vervet monkeys which included hunting, shouting, use of dogs, poison and installing
scarecrows (Table 3). Hunting and killing was considered the most effective method of dealing with the problem according to 69% of the respondents. In
addition, shouting and chasing the monkeys were reported to be effective by 52% of the respondents. However, some of the respondents reported felt that
this method required a lot time and some groups of vervet monkeys would not move away when women and children tried to chase them away.’ Use of dogs
to scare away the monkeys was reported by 43% of the respondents However, as summarized in Table 4, it was found out that hunting was not a popular
method in controlling vervet monkeys because of lack of participation from most of the community members (24%), it was also time consuming (54%) and
that there was lack of effective tools for hunting down the monkeys (36%).  It was also found that relatively few respondents had ever used poison (8%) and
scarecrows (6%) mainly because these methods were considered as the most ineffective strategies for controlling crop raiding by vervet monkeys. 

Table 3 Types and effectiveness of measures used by farmers to mitigate crop raiding in Maara Sub County
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Types of measures Very effective Effective Neutral Slightly effective Not effective at all Rank

1. Hunting and killing
29 40 8 20 3 1

2. By shouting and chasing
14 38 8 28 12 2

3. Use of dogs
16 27 7 34 16 3

4. Use of poison
3 5 28 34 30 4

5. Use of Scarecrows
2 4 15 27 52 5

 

Table 4 A summary of the reasons cited for ineffectiveness of measures used by farmers to mitigate crop raiding in Maara Sub County

Types of measures Proportion of respondents Reasons why the method is not perceived as effective

Hunting and killing 69
Unwillingness of most of the members to participate (24%)
Time consuming (54%)
They are not easy to hunt with available tools (36%)

By shouting and chasing 52
Requires a lot time (52%)
Some groups are not scared of women and children (28%)
Change in raiding time (16%)

Use of dogs 43
Very few households have dogs (40%)
Dogs were effective only when accompanied by their owners which is time consuming
(32%)
Some groups easily learn how to avoid the dogs (36%)

Use of poison 8
Monkeys easily avoided poisoned bait (76%)
Extremely few people have ever tried use of poisonous bait (90%)

Use of Scarecrows 6
Very few people have ever tried to use this method (87%)
Vervet monkeys are not scared because they quickly learn that the scarecrow is harmless
(76%)

Discussion
Human-wildlife conflicts are a serious conservation problem especially near protected areas (Gross et al., 2021). However, some wild animals such as
primates, are able to adapt and live in pockets of thickets or woodlots in agricultural landscapes where they can consistently be a problem to farmers
through crop raiding (Haile et al., 2024). In the present study, we sought to understand the nature of interactions with the local community and the
implications arising from the interactions. The results showed that human-vervet monkey conflicts are very common in the study area. From the local
community perspective, the monkeys reside within thickets and woodlots found within the landscape and do not move into the Mount Kenya Forest. Studies
have shown that primate use of human-modified environments has become more common in recent years due to alteration of their natural habitats (Galán-
Acedo et al., 2019; Torres-Romero et al., 2023). However, even in the absence of habitat alteration, vervet monkeys are highly adaptable and opportunistic in
feeding on different crops which enable them to take advantage of utilizing new resources in agricultural landscapes (Cancelliere et al., 2018). Considering
that Maara Sub-County has the culture of agroforestry (Mugambi et al., 2024), it is easy for the vervet monkeys to disperse and occupy available ecological
niche in the woodlots without depending on the adjacent Mount Kenya forest.

The results suggest that the vervet monkeys are now found in areas where they never used to be found ten years ago indicating an expansion in their range.
This has led to an increase in the frequency of crop raiding cases reported in the study area. In addition, we found that some farmers had abandoned farming
in areas that are most prone to raiding. When left fallow for long, such areas turn into thickets through the process of ecological succession leading to an
expansion of habitats for the monkeys and ultimately exposes more farms to crop raiding. Vervet monkeys show an accelerated life history (Henzi et al.,
2025) and with fast reproduction they are able to disperse into available habitats. Sengupta and Radhakrishna (2018), also noted that crop raiding, especially
of calorie-dense foods, can result in increased fertility and increased primate group size leading to increased crop damage and increased human-wildlife
conflicts. From this perspective, further studies to understand the demography and the distribution patterns of the vervet monkeys within the landscape are
necessary in order to project and manage human-vervet conflicts in the agricultural landscape.

According to the majority of the respondents, conflicts with vervet monkeys occur throughout the year in both wet and dry seasons. This observation could
be attributed to three reasons which include: the farmers growing a mixture of annual and perennial crops with different phenological characteristics that
provide a variety of foraging opportunities across seasons, and the third reason being crops such as sugarcane occurring throughout the year being attacked
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by primates regardless of the age of the plant (Tweheyo et al., 2005). Irrigated crops become a primary target for the monkeys (Ukizintambara, 2008) where
they cause massive losses. Most of the incidences of crop raiding activities were noted to occur in the mornings and evenings, an observation similar to
other research findings on temporal crop raiding behaviour of a number of other non-human primates such as L’hoest’s monkey (Ukizintambara, 2008),
Assamese macaques (Regmi et al., 2013) and Orangutans (Campbell-Smith et al., 2011). Olive baboons have also been observed to forage more frequently in
the morning and grivet monkeys in the afternoon (Deneke et al., 2024). However, it is important to note that most primates are able to alter their behavioural
strategies resulting in change in ranging patterns and group size (Hill, 2018), and therefore farmers are faced with the challenge of noting such changes in
order to protect their crops effectively.

We found that the farmers grew a wide variety of crops but twelve types of crops were mostly targeted by the vervet monkeys. This attests to the rich
diversity of crops that characterizes the mixed type of cropping practiced in the area (Wawire et al., 2021). In the study area, maize is commonly grown
alongside with beans by the majority of the households but unfortunately this is the crop that is mostly targeted by the vervet monkeys. Most non-human
primates have been known to target maize causing devastating losses to farmers (Hill, 2017). In this study, it was reported that some farmers lost more than
75% of the crop. The study also found that other cultivars such as beans (Phaseolus vulgaris), vegetables such as kales (Brassica oleracea) and tomatoes
(Solanum lycopersicum), and bananas (Musa sp) were also targeted which agrees with other reports that non-human primates are able to access and
consume a wide range of cultivars (Osborn & Hill 2005) because of their high dietary and behavioral flexibility (Hohmann, 2009).

Among the cash crops, macadamia (Macadamia integrifolia) was most prone to depredation by the monkeys and the respondents reported that the monkeys
consumed the young nut leading to heavy losses. Given the hilly terrain of the landscape, most of the farmers grow the macadamia in the relatively steep
areas where other crops such maize cannot do so well. Down in the ridges, the macadamia trees are most vulnerable to depredation. This scenario mirrors
the challenge faced by farmers in countries like South Africa, - the world’s largest producer of macadamia (Weier et al., 2020), where farmers experience high
crop raiding pressure from vervet monkey inhabiting patches of natural vegetation in and around agricultural lands (Linden et al., 2019). The report shows
that on average, the macadamia farmers suffered losses of about USD 66.44 (SE = 6.65) compared to maize USD 41.77 (SE = 1.53). Although the actual
losses are difficult to ascertain, these figures signify a substantial loss for the farmers who depend heavily on what they can get from their relatively small
farms. Considering that maize is one of the most significant food crops in Kenya (Mwendwa et al., 2025), and that it is the staple food for the community, the
losses caused by vervet monkeys are a serious threat to food security in the community especially considering that some farmers had been forced to
abandon maize farming.

The results revealed that the community perceive vervet monkeys as a notorious pest in their farms from which they do not derive any benefits. However, it
was observed that some members of the community consumed vervet monkey meat opportunistically. Although this could not be ascertained because of
unwillingness of the participants to disclose more information and in recognizing that in Kenya, it is illegal to hunt and kill wildlife including those that are
perceived as agricultural pests. We found that the community perceive loss of food as the main problem associated with vervet monkeys in the study area.
The loss of food crops such as maize, beans and bananas can have a serious negative impact on nutrition of vulnerable members of the community. The
problem is compounded by the losses incurred on cash crops such as macadamia which is an important source of income to some households.

Protecting the crops by guarding has been reported in some studies as being effective (Adeola et al., 2018) as well as in this study. However, the method has
been criticized for being labour intensive and requiring a lot time that could be allocated to other meaningful socio-economic activities (Hill, 2000; Tweheyo
et al., 2012). Moreover, cutting down trees and clearing of bushes against the will of the landowners could undermine social cohesion within families and the
community at large. Although such indirect costs are difficult to quantify, they can significantly impact people’s socio-wellbeing (Hill, 2018). In addition, the
interpersonal conflicts discourage people from agroforestry since its supporters were perceived as ‘enemies of the people’ because of creating habitats for
the monkeys. Such perceptions have been reported elsewhere in Ethiopia where rural forests were perceived as a source of pests and wild mammals that
affect crops and livestock (Dorresteijn et al., 2017). This kind of sentiment was also shared by a respondent who lamented that ‘some community members
who love agroforestry have been blamed for providing habitats for the monkeys that are invading crops and impoverishing the community.’ Although farmers in
Maara Sub-County practice agroforestry (Mugambi et al., 2024), the current invasion of their farms by vervet monkeys is likely to undermine the gains
achieved from planting trees and might encourage deforestation.

Our findings indicate that methods such as hunting, continuous guarding, use of dogs, poison and installing scarecrows are used to protect crops from
vervet monkeys in the study area. However, hunting and killing wildlife including monkeys is unlawful but cases of community members retaliating and killing
wildlife in the country are common (Muriuki et al., 2017). In many instances, community members have blamed the government from being too slow to
respond to the threats caused by wildlife (Ontiri et al., 2019). The fact that most of the respondents felt that killing the vervet monkeys was most effective
method of dealing with the problems shows extreme negative attitude towards the animals and has been reported in many other areas where human-wildlife
conflicts occur (see Muriuki et al., 2017, Mukeka et al., 2022).

The results also show that people use dogs to protect their crops. Dogs are known to be effective in detecting crop raiders before humans (Hsiao et al., 2013
but very few households had dogs. In addition, it was claimed that some groups of monkeys had learnt how to avoid dogs especially if the dog was tethered
on a particular point in the farm. Some community members used poison to control vervet monkeys although its use as a control strategy raises a lot
concern especially considering that some pesticides are known to cause serious environmental damages including killing of non-target species (Bamal et al.,
2024). Kenya has a comprehensive legislation against the use of poisons and pesticides to control wildlife, but cases of animal poisoning are common
(Odino & Ogada, 2021) and are regarded as a serious threat especially to carnivores (Didarali et al., 2022) and non-target animals such as vultures, (Plaza &
Lambertucci, 2021). Therefore, there is need for further evaluation of the use of this strategy in the study area.

Other mitigation strategies like shouting and chasing the monkeys were reported to be effective by 52% of the respondents. However, some of the
respondents reported that this method required a lot time and some groups of vervet monkeys would not move away when women and children tried to chase
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them away. Although use of scarecrows was the least effective method used by the community to mitigate crop raiding by vervet monkeys, it is used in many
places in Africa and Asia as an effort to mitigate crop damages by primates (Marchal, & Hill, 2009).

Conclusion
Based on the findings from this study, numerous groups of vervet monkeys are found in woodlots far from the forest boundary where they have access to
crops. As a result, there are numerous cases of human-vervet monkey conflicts which have been on increase over the last ten years and are negatively
affecting the livelihood of the community. The monkeys cause serious losses to crops especially maize and macadamia and in the process are undermining
food security and socio-economic wellbeing of the community. They also contribute to loss of vegetation cover by forcing farmers to clear trees and bushes
in a desperate effort to keep the monkeys away from their farms. In addition, we report cases of household conflicts arising from the implications of the
vervet monkeys. Generally, the community perceive vervet monkeys as wild animals with no conservation benefit to them. The revelation that they consider
hunting and killing them as the best strategy to handle the conflict shows a serious negative attitude. This is understandable given that there no provision for
compensation for losses caused by non-human primates in Kenyan legal framework. The community employs a variety of methods to protect their crops but
with marginal success. This therefore necessitates considerations of agricultural farmlands near forested areas as possible future biodiversity hotspots
especially if approaches used to control wildlife are lethal. The government as well as surrounding communities should gear towards promoting
conservation friendly multiapproach in the control of velvet monkeys and other primates, ranging from planting more sacrificial fruit trees/crops near the
periphery of the forests while most preferred crops by primates be planted further away from forest edges, among other mitigation approaches. Moreover,
humans should be discouraged from deforestation activities which diminish wildlife habitats/food sources leading them to colonize farmlands.

Declarations
Ethical declaration:  All participants provided written informed consent after being briefed on the study objectives, their voluntary participation, and the
confidentiality of their responses. The research adhered to the principles of the Declaration of Helsinki.

Competing Interests: The authors have no competing interests to declare that are relevant to the content of this article.

Funding: No funds, grants, or other support was received.

Data availability: All the data used in this study are included in this manuscript

References
1. Adeola, A. J., Ibrahim, A. O., Adeola, A. N., Alaye, S. A., & Akande, O. A. 2018. Primates associated with crop raiding around Borgu sector of Kainji Lake

National Park, Nigeria. World News of Natural Sciences, 18(2). www.worldnewsnaturalsciences.com

2. Alemayehu, N., & Tekalign, W. 2022. Prevalence of crop damage and crop-raiding animals in southern Ethiopia: the resolution of the conflict with the
farmers. GeoJournal, 87(2), 845-859. https://doi.org/10.1007/s10708-020-10287-0

3. Bamal, D., Duhan, A., Pal, A., Beniwal, R. K., Kumawat, P., Dhanda, S., ... & Yadav, R. 2024. Herbicide risks to non-target species and the environment: A
review. Environmental Chemistry Letters, 22(6), 2977-3032. https://doi.org/10.1007/s10311-024-01773-9

4. Campbell-Smith, G., Campbell-Smith, M., Singleton, I., & Linkie, M. 2011. Raiders of the lost bark: Orangutan foraging strategies in a degraded landscape.
PloS one, 6(6), e20962. https://doi:10.1371/journal.pone.0020962

5. Cancelliere, E. C., Chapman, C. A., Twinomugisha, D., & Rothman, J. M. 2018. The nutritional value of feeding on crops: Diets of vervet monkeys in a
humanized landscape. African Journal of Ecology, 56(2), 160-167. https://doi.org/10.1111/aje.12496

6. Deneke, Y., Megaze, A., Tekalign, W., Dobamo, T., & Leirs, H. 2024. Patterns of primates crop foraging and the impacts on incomes of smallholders across
the mosaic agricultural landscape of Wolaita zone, southern Ethiopia. PloS one, 19(11), e0313831. https://doi.org/10.1371/journal.pone.0313831

7. Didarali, Z., Kuiper, T., Brink, C. W., Buij, R., Virani, M. Z., Reson, E. O., & Santangeli, A. 2022. Awareness of environmental legislation as a deterrent for
wildlife crime: A case with Masaai pastoralists, poison use and the Kenya Wildlife Act. Ambio, 51(7), 1632-1642. https://doi.org/10.1007/s13280-021-
01695-8

8. Dotras, L., Barciela, A., Llana, M., Galbany, J., & Hernandez-Aguilar, R. A. 2024. Savanna chimpanzee (Pan troglodytes) crop feeding at Dindefelo, Senegal:
challenges and implications for conservation. Primates, 65(4), 209-215. https://doi.org/10.1007/s10329-024-01125-9

9. Findlay, L. J., & Hill, R. A. 2020. Baboon and vervet monkey crop-foraging behaviors on a commercial South African farm. Human-Wildlife Interactions,
14(3), 505-518.

10. Galán-Acedo, C., Arroyo-Rodríguez, V., Andresen, E., Verde Arregoitia, L., Vega, E., Peres, C. A., & Ewers, R. M. 2019. The conservation value of human-
modified landscapes for the world’s primates. Nature communications, 10(1), 152. | https://doi.org/10.1038/s41467-018-08139-0

11. Garriga, R. M., Marco, I., Casas-Díaz, E., Amarasekaran, B., & Humle, T. 2018. Perceptions of challenges to subsistence agriculture, and crop foraging by
wildlife and chimpanzees Pan troglodytes verus in unprotected areas in Sierra Leone. Oryx, 52(4), 761-774.

12. Green, R. E., Cornell, S. J., Scharlemann, J. P., & Balmford, A. 2005. Farming and the fate of wild nature. science, 307(5709), 550-555.:
https://dx.doi.org/10.4314/jasem.v22i8.14

13. Gross, E., Jayasinghe, N., Brooks, A., Polet, G., Wadhwa, R., & Hilderink-Koopmans, F. 2021. A future for all: the need for human-wildlife coexistence. WWF,
Gland, Switzerland). Design and infographics by Levent Köseoglu, WWF-Netherlands Text editing by ProofreadNOW. com Cover photograph: DNPWC-WWF
Nepal, 3.

Page 8/13



14. Haile, M., Gadisa, T., & Gutema, T. M. 2024. Human-De Brazza’s monkey conflict in Kafa Biosphere Reserve, Kafa Zone South West, Ethiopia. BMC
zoology, 9(1), 20. https://doi.org/10.1186/s40850-024-00210-2

15. Harris, N. C., Wilkinson, C. E., Fleury, G., & Nhleko, Z. N. 2023. Responsibility, equity, justice, and inclusion in dynamic human–wildlife interactions.
Frontiers in Ecology and the Environment, 21(8), 380-387. https://doi:10.1002/fee.2603

16. Henzi, S. P., Blersch, R. A., Bonnell, T. R., Clarke, M., Dostie, M. J., Lucas, M., ... & Barrett, L. 202). Estimates of life history parameters in a high latitude,
arid‐country vervet monkey population. American Journal of Primatology, 87(1), e23527. https://DOI:10.1002/ajp.23527

17. Hill, C. M. 2000. Conflict of interest between people and baboons: crop raiding in Uganda. International journal of primatology, 21(2), 299-315.

18. Hill, C. M. 2017. Primate crop feeding behavior, crop protection, and conservation. International Journal of Primatology, 38(2), 385-400.

19. Hill, C. M. 2018. Crop foraging, crop losses, and crop raiding. Annual Review of Anthropology, 47(1), 377-394. https://doi.org/10.1146/annurev-anthro-
102317-050022

20. Hill, C. M., & Webber, A. D. (2010). Perceptions of nonhuman primates in human–wildlife conflict scenarios. American journal of primatology, 72(10), 919-
924. https://DOI:10.1002/ajp.20845

21. Hohmann, G. 2009. The diets of non-human primates: frugivory, food processing, and food sharing. In The evolution of hominin diets: integrating
approaches to the study of palaeolithic subsistence (pp. 1-14). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-1-4020-9699-0

22. Hsiao, S. S., Ross, C., Hill, C. M., & Wallace, G. E. 2013. Crop-raiding deterrents around Budongo Forest Reserve: an evaluation through farmer actions and
perceptions. Oryx, 47(4), 569-577. https://doi.org/10.1017/S0030605312000853

23. Humle, T., & Hill, C. 2016. People–primate interactions: Implications for primate conservation. An introduction to primate conservation, 219-240.
https://doi:10.1093/acprof:oso/9780198703389.001.0001

24. Jaeggi, A. V., & Gurven, M. 2013. Natural cooperators: food sharing in humans and other primates. Evolutionary Anthropology: Issues, News, and Reviews,
22(4), 186-195. https://doi.org/10.1002/evan.21364

25. Jaleta, M., & Tekalign, W. 2023. Crop loss and damage by primate species in southwest Ethiopia. International Journal of Ecology, 2023(1), 8332493.
https://doi.org/10.1155/2023/8332493

26. Karki, S., Dahal, A., & Sharma, S. 2024. Pattern and Correlate of Human-Primate Conflict-An Insight for its Mitigation: A Case Study of Nilkantha
Municipality of Dhading District, Nepal. ESS Open Archive eprints, 562, 56256090. DOI: 10.22541/au.172114535.56256090/v1

27. Kazaba, P. K., Mandomombe, G. T., Tshikung, D. K., Sowunmi, A. A., & Aweto, A. O. 2020. Ethnozoological uses and local people’s perceptions of a
competitor primate in the Fringe of the Kundelungu National Park, DR Congo. Ethnobiology and Conservation, 9.
https://doi.org/10.15451/10.15451/ec2020-08-9.33-1-9

28. Kyokuhaire, A. M., Chapman, C. A., Omeja, P. A., Tumusiime, D. M., Abwoli, B. Y., & Lawes, M. J. 2023. Mitigating crop raiding by forest elephants and
baboons at Kibale National Park. African Journal of Ecology, 61(1), 129-140. https://doi.org/10.1111/aje.13095

29. Lee, P. C., & Priston, N. E. 2005. Human attitudes to primates: perceptions of pests, conflict and consequences for primate conservation. Commensalism
and conflict: The human-primate

30. Mamo, A., Lemessa, D., Diriba, O. H., & Hunde, D. 2021. Pattern of crop raiding by wild large mammals and the resultant impacts vary with distances from
forests in Southwest Ethiopia. Ecology and Evolution, 11(7), 3203-3209. https://doi.org/10.1002/ece3.7268

31. Manoa, D. O., Mwaura, F., Thenya, T., & Mukhovi, S. 2021. Comparative analysis of time and monetary opportunity costs of human-wildlife conflict in
Amboseli and Mt. Kenya Ecosystems, Kenya. Current Research in Environmental Sustainability, 3, 100103. https://doi.org/10.1016/j.crsust.2021.100103

32. Marchal, V., & Hill, C. 2009. Primate crop-raiding: a study of local perceptions in four villages in North Sumatra, Indonesia. Primate Conservation, 24(1),
107-116. https://doi.org/10.1896/052.024.0109

33. Mc Guinness, S., & Taylor, D. 2014. Farmers’ perceptions and actions to decrease crop raiding by forest-dwelling primates around a Rwandan forest
fragment. Human Dimensions of Wildlife, 19(2), 179-190. https://doi.org/10.1080/10871209.2014.853330

34. Mugambi, H. M., Wambugu, S. K., & Njue, P. 2024. Spatial distribution in the adoption of agroforestry among small scale farmers in Tharaka Nithi County.
Journal of Humanities and Social Sciences (JHSS), 3(1), 93-109. https://doi.org/10.51317/jhss.v3i1.666

35. Mukeka, J. M., Ogutu, J. O., Kanga, E., & Roskaft, E. 2018. Characteristics of human-wildlife conflicts in Kenya: Examples of Tsavo and Maasai Mara
regions. Environment and Natural Resources Research, 8(3), 148. https://doi.org/10.5539/enrr.v8n3p148

36. Mukeka, J. M., Ogutu, J. O., Kanga, E., Piepho, H. P., & Røskaft, E. 2022. Long-term trends in elephant mortality and their causes in Kenya. Frontiers in
Conservation Science, 3, 975682. https://doi.org/10.3389/fcosc.2022.975682

37. Muriuki, M. W., Ipara, H., & Kiringe, J. W. 2017. The cost of livestock lost to lions and other wildlife species in the Amboseli ecosystem, Kenya. European
journal of wildlife research, 63(4), 60. https://doi.org/10.1007/s10344-017-1117-2

38. Mwendwa, G. H., Kingori, G. G., Wangari, N. P., & Ireri, D. 2025. Assessment of the Impact of Adoption of Soil and Water Conservation Practices on Maize
Yield in Tharaka Nithi County, Kenya. Journal of Agriculture and Ecology Research International, 26(4), 136-154.

39. Naughton‐Treves, L. 1998. Predicting patterns of crop damage by wildlife around Kibale National Park, Uganda. Conservation biology, 12(1), 156-168.
https://doi.org/10.1111/j.1523-1739.1998.96346.x

40. Ndayishimiye, E., Eckardt, W., & Fletcher, A. W. 2023. Human-Wildlife Conflict in Golden Monkeys (Cercopithecus mitis kandt i) of the Volcanoes National
Park, Rwanda. International Journal of Primatology, 44(5), 856-880. https://doi.org/10.1007/s10764-023-00365-8

41. Odino, M., & Ogada, D. 2021. The intentional use of pesticides as poison in Kenya: Conservation and ecohealth impacts. In Wildlife biodiversity
conservation: Multidisciplinary and forensic approaches (pp. 421-438). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-
64682-0_16

Page 9/13



42. Ontiri, E. M., Odino, M., Kasanga, A., Kahumbu, P., Robinson, L. W., Currie, T., & Hodgson, D. J. 2019. Maasai pastoralists kill lions in retaliation for
depredation of livestock by lions. People and Nature, 1(1), 59-69. https://doi.org/10.1002/pan3.10

43. Osborn, F. V., & Hill, C. M. 2005. Techniques to reduce crop loss: human and. People Wildlife, Conflict or Co-existence, 9, 72.

44. Plaza, P. I., & Lambertucci, S. A. 2021. Governments must halt vulture poisoning. Science, 374(6575), 1568-1568. https://DOI: 10.1126/science.abn2066

45. Regmi, G. R., Nekaris, K. A. I., Kandel, K., & Nijman, V. 2013. Crop-raiding macaques: predictions, patterns and perceptions from Langtang National Park,
Nepal. Endangered Species Research, 20(3), 217-226. https://doi.org/10.3354/esr

46. Rotich, B., Chabari, S., Soi, B., & Kipkulei, H. 2025. Influence of elevation, soil depth and climatic variables on soil physicochemical properties: a case
study of farmlands on the eastern slopes of Mount Kenya. Discover Soil, 2(1), 1-17. https://doi.org/10.1007/s44378-025-00102-y

47. Rotich, B., Ahmed, A., Kinyili, B., & Kipkulei, H. 2025. Historical and projected forest cover changes in the Mount Kenya Ecosystem: Implications for
sustainable forest management. Environmental and Sustainability Indicators, 26, 100628. https://doi.org/10.1016/j.gespch.2025.100006

48. Schell, C. J., Stanton, L. A., Young, J. K., Angeloni, L. M., Lambert, J. E., Breck, S. W., & Murray, M. H. 2021. The evolutionary consequences of human–
wildlife conflict in cities. Evolutionary Applications, 14(1), 178-197. https://doi.org/10.1111/eva.13131

49. Schmocker, J., Liniger, H. P., Ngeru, J. N., Brugnara, Y., Auchmann, R., & Brönnimann, S. 2016. Trends in mean and extreme precipitation in the Mount
Kenya region from observations and reanalyses. International Journal of Climatology, 36(3). https://DOI:10.1002/joc.4438

50. Sengupta, A., & Radhakrishna, S. 2018. The hand that feeds the monkey: mutual influence of humans and rhesus macaques (Macaca mulatta) in the
context of provisioning. International Journal of Primatology, 39(5), 817-830. https://doi.org/10.1007/s10764-018-0014-1

51. Siljander, M., Kuronen, T., Johansson, T., Munyao, M. N., & Pellikka, P. K. 2020. Primates on the farm–spatial patterns of human–wildlife conflict in forest-
agricultural landscape mosaic in Taita Hills, Kenya. Applied Geography, 117, 102185. https://doi.org/10.1016/j.apgeog.2020.102185

52. Torres, D. F., Oliveira, E. S., & Alves, R. R. N. 2018. Understanding human–wildlife conflicts and their implications. In Ethnozoology (pp. 421-445).
Academic Press. https://doi.org/10.1016/B978-0-12-809913-1.00022-3

53. Torres‐Romero, E. J., Nijman, V., Fernández, D., & Eppley, T. M. 2023. Human‐modified landscapes driving the global primate extinction crisis. Global
Change Biology, 29(20), 5775-5787. https://doi.org/10.1111/gcb.16902

54. Tweheyo, M., Hill, C. M., & Obua, J. 2005. Patterns of crop raiding by primates around the Budongo Forest Reserve, Uganda. Wildlife Biology, 11(3), 237-
247. https://doi.org/10.2981/0909-6396(2005)11[237:POCRBP]2.0.CO;2

55. Tweheyo, M., Tumusiime, D. M., Turyahabwe, N., Asiimwe, A., & Orikiriza, L. 2012. Wildlife damage and control methods around Lake Mburo National
Park, Uganda. International Journal of Pest Management, 58(1), 25-31. https://doi.org/10.1080/09670874.2011.641605

56. Ukizintambara, T. 2008. Edge effects on ranging and foraging behaviour of L’hoest’s monkey (Cercopithecus lhoesti) in Bwindi Impenetrable National
Park, Uganda. Final report to the Rufford small grant foundation, 11.

57. Von Hagen, L., LaDue, C. A., & Schulte, B. A. 2023. Elephant scar prevalence in the Kasigau Wildlife Corridor, Kenya: Echoes of human-elephant conflict.
Animals, 13(4), 605. https://doi.org/10.3390/ani13040605

58. Wawire, A. W., Csorba, Á., Tóth, J. A., Michéli, E., Szalai, M., Mutuma, E., & Kovács, E. 2021. Soil fertility management among smallholder farmers in
Mount Kenya East region. Heliyon, 7(3). https://doi.org/10.1016/j.heliyon.2021.e06488

59. Weier, S. M., Bringhenti, T., Anders, M., Abdulai, I., Foord, S., Grass, I., ... & Taylor, P. J. 2024. Management options for macadamia orchards with special
focus on water management and ecosystem services. In Sustainability of Southern African Ecosystems under Global Change: Science for Management
and Policy Interventions (pp. 625-652). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-10948-5_22

60. Wiafe, E. D. 2019. Primates crop raiding situation on farmlands adjacent to South-West of Mole National Park, Ghana. Ghana Journal of Agricultural
Science, 54(2), 58-67. https://DOI:10.4314/gjas.v54i2.6

Figures

Page 10/13



Figure 1

Map showing (a) The location of Maara Sub County in Kenya, (b) Sampling points on Eastern side of the Mount Kenya Forest

Figure 2

Responses concerning the extent to which vervet monkeys are a problem to the farmers

Implications of crop raiding behaviour
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Figure 3

Types of crops mostly targeted by vervet monkeys in Maara Sub-County

pes of crops mostly targeted by vervet monkeys in Maara Sub-County

Figure 4

Seasonal losses in macadamia and maize that were attributed to vervet monkeys by the respondents in Maara Sub County
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Figure 5

Responses on whether some members of the community consume meat from vervet monkeys in Maara Sub County

Figure 6

Perceptions about the impacts of vervet monkeys to the local community in Maara Sub County
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