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Abstract
With increasing anthropogenic pressure, interactions between humans and wildlife may 
become more frequent, including conflictual ones. To reduce conflicts, it is important to 
understand how different factors (e.g. education, previous experience, demographic vari-
ables) interplay with each other and contribute to the emergence of negative attitudes and 
behaviours toward wildlife in humans. To address this issue, we conducted a large-scale 
questionnaire in Malaysia, focusing on potential conflicts between human and other pri-
mates. We used generalized linear mixed models to assess how formal education, knowl-
edge about primates, negative experience and potential competition affected participants’ 
negative attitudes to primates (i.e. how humans perceive primates), their behavioural inten-
tions (i.e. opinion on how to reduce conflicts) and behaviour (i.e. measures taken to reduce 
negative interactions). We found that negative experience and potential competition had 
a negative impact on participants’ attitude and behavior (i.e. primates were more likely 
perceived as filthy, as negatively affecting residents’ health and safety, and as an increas-
ing problem, with participants more likely to use invasive methods, including captures). 
Both higher education and better knowledge of primates predicted more positive behav-
ioural intentions (i.e. primates should be protected, non-invasive interventions should be 
used). Higher education, however, was also linked to more negative attitudes (i.e. primates 
negatively affect residents’ health and safety), and partly to negative behavior (e.g. use of 
invasive methods). In contrast, better knowledge about primates predicted positive behav-
iour (i.e. exclusive use of non-invasive methods). Therefore, although better knowledge of 
primates had no clear effect on human attitudes, it may impact on their decisions to reduce 
potential conflicts with wildlife, and might be the most powerful tool to mitigate conflicts 
between humans and other species.
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Introduction

Anthropogenic pressure has been steadily increasing in the last centuries, causing substan-
tial changes to our planet (Sanderson et  al. 2002; Waters et  al. 2016). Through popula-
tion growth, agricultural practices, increasing demand for resources, urbanization and other 
anthropogenic activities, humans have vastly contributed to a reduction in the functional 
and structural complexity of ecosystems (Smart et  al. 2006; Junker et  al. 2015; Steffen 
et  al. 2015; Barnosky and Hadly 2016), while the frequency of human-wildlife interac-
tions has steadily increased over the past years (Soulsbury and White 2015). The spectrum 
of human–wildlife interactions is large, spanning from positive interactions (like appre-
ciation and reverence) to more negative and conflictual ones (including latent and mutual 
intolerance; see e.g. Humle and Hill 2016; Frank and Glikman 2019; Bhatia et al. 2020; 
Pooley et  al. 2021). To date, research has mainly focused on the occurrence of negative 
interactions between humans and other species (Bhatia et  al. 2020), because this allows 
researchers to better understand potential causes of conflict and possibly mitigate conflict-
ual situations.

Conflicts between humans and wildlife, for instance, can arise when wildlife poses (or 
is perceived to pose) threats to human health, food or property (Conover 2002; Treves 
and Karanth 2003; Peterson et al. 2011; Nyhus 2016). On the one hand, human-wildlife 
conflicts might have a negative impact on human health, safety and welfare: humans 
may be injured or killed by wildlife, during attacks or accidents, or as a consequence of 
zoonotic disease transmission (Conover 2002; Nyhus 2016). Moreover, conflicts with wild-
life can cause direct and indirect economic damage to human crops, livestock and prop-
erty (Woodroffe et  al. 2005; Linnell et  al. 2010; Barua et  al. 2013). On the other hand, 
human–wildlife interactions may have a negative impact on biodiversity and ecosystem 
health. Throughout history, for instance, humans have contributed to the reduction of wild-
life habitat, the decline and extinction of many species, and ultimately to a decrease in bio-
diversity (Dirzo et al. 2014; Nyhus 2016; Surovell et al. 2016). Therefore, reducing poten-
tial conflicts between humans and wildlife, and mitigating their negative consequences, is 
a necessary goal for politics, science and society (Woodroffe et  al. 2005; Reidinger and 
Miller 2013).

Increasing knowledge about wildlife (i.e. facts and information that people acquire 
about wildlife) can be a powerful tool to improve attitudes toward wildlife and mitigate 
potential conflicts with humans (Stern et al. 2014; Nyhus 2016; Ardoin et al. 2020). The 
acquisition of such knowledge can occur in many different settings, from more informal 
ones (e.g. specific activities by conservation organizations) to more formal ones (e.g. as 
part of school curricula, and/or within biology classes; see e.g. Braus and Wood 1993; 
Rickinson and Robinson 1999; Krsany 2020). By increasing humans’ knowledge about 
wildlife and environment, for instance, formal education can improve human attitudes (i.e. 
how humans perceive wildlife) and behaviour (i.e. how humans interact with wildlife; see 
Ardoin et al. 2020). However, the link between these factors is highly controversial (West 
2015; Marcinkowski and Reid 2019; Junker et al. 2020; Krsany 2020). For instance, other 
factors may serve as moderators in the relationship between attitude and behaviour, includ-
ing previous experience, behavioural intentions (e.g. humans’ opinion on how to reduce 
conflictual interactions) and other personal factors like age, gender or religion (Manstead 
2001; Wallace et al. 2005; Steg and Vlek 2009; Marcinkowski and Reid 2019). To disen-
tangle how these factors interplay and to understand their relative impact on the adoption 
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of behavioural strategies that might reduce both human–wildlife conflicts and their nega-
tive consequences, more research is urgently needed (Marcinkowski and Reid 2019).

In this study, we aimed to assess the link between knowledge of wildlife, negative atti-
tudes and behaviour toward wildlife, while accounting for the role played by participants’ 
previous experience, behavioural intentions and other demographic factors. For this pur-
pose, we conducted a large-scale questionnaire in Malaysia, focusing on potential con-
flicts between human and non-human primates (hereafter primates). Malaysia is one of the 
world’s most biodiverse regions (Mittermeier et al. 2011), but has high rates of urbanization 
and deforestation (Achard et al. 2014; Stibig et al. 2014; Malaysian Department of Forestry 
2016; Global Forest Watch 2018). This directly threatens the survival of many different 
species, including several primates (Margono et al. 2014; McCallum 2015), and strongly 
increases the potential of human-wildlife conflicts (Hassan et  al. 2017; Goldthorpe and 
Neo 2011). In Malaysia, interactions between humans and primates are frequent. Malaysia 
is home to 25 primate species, 13 of which have been listed as Endangered or Critically 
Endangered (International Union for Conservation of Nature; IUCN 2020). Although all 
primates in Malaysia are protected by law and cannot be hunted or traded without a special 
license or permit (Malaysia 2010, Wildlife Conservation Act), law enforcement is largely 
insufficient (Lappan and Ruppert 2019). Moreover, primates are directly affected by the 
dramatic decline of forest habitat (IUCN 2020), and are often forced to forage in anthro-
pogenic areas, increasing the probability of interactions with humans (Lappan and Ruppert 
2019). Indeed, primates constitute the main source of conflicts with humans in Malaysia, 
with more than 70% of complaints to the authorities regarding primates and, especially, 
long-tailed macaques, Macaca fascicularis (Lappan and Ruppert 2019).

In this study, we provided participants with questionnaires assessing their knowledge 
of primates, their previous experience with primates, their negative attitudes and behav-
ioural intentions toward primates (including possible approaches to reduce conflicts with 
humans), and their behaviour to primates (including measures taken by participants to 
reduce conflicts with them). We further collected demographic data to assess the role of 
formal education and possible competition with primates on participants’ negative atti-
tudes, behavioural intentions and behaviour. We especially focused on the negative aspects 
of the human-primate relationship (e.g. negative attitudes, negative experiences with pri-
mates), because these may be more relevant to understand the occurrence of conflictual 
situations between humans and other species (see Bhatia et al. 2020, for a discussion). In 
particular, we predicted that knowledge of primates would improve participants’ attitude 
toward primates (Prediction 1a), their behavioural intentions (Prediction 1b) and their 
actual behaviour (Prediction 1c). Likewise, we predicted a negative effect of low formal 
education (Predictions 2a–2c), previous negative experience with primates (Predictions 
3a–3c) and potential competition over resources (Predictions 4a–4c) on participants’ atti-
tudes, behavioural intentions and behaviour, and a detrimental effect of negative attitudes 
on participants’ behaviour toward primates (Prediction 5; see Table  1 for summary of 
predictions).
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Methods

Ethical statement

This study was approved by the ethical committee of the Universiti Sains Malaysia, which 
included both animal and human ethics experts. The study complied with the Declaration 
of Helsinki and the guidelines of the German Association of Professional Psychologists. 
Participation was voluntary and completely anonymous. Written informed consent was 
obtained from all subjects before testing started, and also for subjects under 18, from their 
parent and/or legal guardian. Participants were previously informed about the purpose of 
the study, about the fact that data would be confidential and completely anonymous, and 
they could interrupt their participation in the study at any time.

Participants

We conducted interviews from October 2018 to August 2019 with 553 participants: 294 
females (mean age ± SD: 33 ± 13  years) and 259 males (mean age ± SD: 35 ± 13  years). 
Participants were recruited across 10 of the 13 Malaysian States among people having 
continuously resided in the country for at least 5 years (see Supplementary Material for 
more details). The first author (KK) made contact with local universities, colleges, schools, 
social or cultural centers, and looked for volunteers willing to help in data collection in 
the area. KK instructed volunteers and then accompanied them during data collection 
with at least 10 participants. If the volunteer could reliably collect data as explained (see 
below), KK left her/him the printed questionnaires to be distributed in the area. KK pur-
posely travelled to both rural and urban areas all over Malaysia to recruit a representative 
sample of participants. Most participants resided in rural areas (74%) and defined them-
selves as being Muslims (91%), belonging to the ethnic group of Malays (94%) and having 

Table 1   Predictions tested in this study, models run to test them, and whether the predictions were sup-
ported by our data

Predictions Models Support

1. Knowledge of primates predicts better… a. Attitude M1–M3 No
b. Behavioural intentions M4–M6 Yes
c. Behaviour M7–M9 Yes

2. Formal education predicts better… a. Attitude M1–M3 No
b. Behavioural intentions M4–M6 Yes
c. Behaviour M7–M9 No

3. Previous negative experience with primates predicts 
worse…

a. Attitude M1–M3 Yes
b. Behavioural intentions M4–M6 No
c. Behaviour M7–M9 Yes

4. Potential competition with primates over food predicts 
worse…

a. Attitude M1–M3 Yes
b. Behavioural intentions M4–M6 No
c. Behaviour M7–M9 Yes

5. Negative attitudes toward primates predict worse… Behaviour M7–M9 No
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completed secondary education (64%). More details on the demographic characteristics of 
the participants are provided as Supplementary Material.

Questionnaires

All participants were approached by KK and/or volunteers, and were provided with four 
printed A4 pages in their native language (i.e. Malay). They were asked to complete the 
questionnaire alone, possibly in a quiet room, and hand it back to the first author when 
ready. Most participants decided to fill in the questionnaire on the spot, so that the first 
author and/or volunteers were present if participants had questions. Others filled it in later 
on, but were provided with the first author and/or volunteers’ contact, in case they had 
questions. We distributed a total of 1000 questionnaires. Of these, 288 were never returned 
and 159 were returned damaged or empty, so that no data could be extracted from them. 
Therefore, the analyses of this study are based on the questionnaires of 553 participants.

The questionnaire consisted of six parts, containing: (1) demographic information (e.g. 
residence, age, gender, formal education of the participant) and other information to assess 
potential competition over resources (e.g. whether participants grow crops); (2) assessment 
of participants’ specific knowledge of primates (e.g. recognition of and knowledge about 
Malaysian primate species, knowledge of the institutions responsible for dealing with pri-
mates in case of conflicts with humans); (3) assessment of previous negative experience 
with primates (e.g. damages caused by primates to participants or other acquaintances, 
or to their properties); (4) assessment of participants’ negative attitudes to primates (e.g. 
whether primates were considered as filthy, as negatively affecting the safety and health of 
residents, or as an increasing problem); (5) assessment of participants’ behavioural inten-
tions (i.e. their opinion about possible approaches to reduce human–primate conflictual 
interactions); (6) assessment of participants’ behaviour, including measures taken by par-
ticipants to reduce negative interactions with primates (e.g. use of fences, dogs, alarms, 
noise, poison, stones, traps). We specifically focused on the negative aspects of the human-
primate relationship, to understand which factors contribute to the emergence of nega-
tive attitudes and behaviours toward primates in humans, and likely to the occurrence of 
conflictual situations. However, by focusing on the negative aspects of the human–primate 
relationship, our questions (i) might have enhanced participants’ tendency to respond nega-
tively with regards to their relation to primates, and (ii) might have failed to capture more 
positive aspects of this relation, which were not the focus of our work (see the Discussion).

Statistical analyses

We conducted analyses using generalized linear models (hereafter, GLMs; Baayen et  al. 
2008) with the glmmTMB package (version 1.0.1; Brooks et al. 2017) in R (R Core Team, 
version 3.5.0). A first set of models (M1–3) aimed to assess whether participants’ negative 
attitudes to primates were predicted by their knowledge of primates, their formal education, 
potential competition with primates, and/or previous direct/indirect negative experience 
with them. As a measure of participants’ negative attitudes to primates, we used three dif-
ferent binomial dependent (response) variables: whether participants agreed that primates 
(M1) are filthy and may thus contaminate the area of their house, (M2) negatively affect 
the safety and health of residents, or (M3) are an increasing problem. As test predictors, we 
included participants’ knowledge of primates, level of formal education, competition with 
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primates and previous negative experience with primates (see Supplementary Information 
for more details).

A second set of models (M4–6) assessed whether participants’ behavioural intentions 
(including their opinion on how to reduce human–primate conflictual interactions) were 
predicted, as above, by their knowledge of primates, formal education, potential competi-
tion with primates, and/or previous negative experience with them. As a measure of par-
ticipants’ behavioural intentions, we used three different binomial dependent (response) 
variables: whether participants agreed that (M4) primates should be protected by law in 
their home ranges, (M5) authorities should reduce conflicts of humans with primates by 
controlling or relocating primate populations, or (M6) authorities should kill them. As test 
predictors, we included the aforementioned test predictors, as well as participants’ institu-
tional knowledge (i.e. whether participants knew the correct body/institution they had to 
refer to in case of conflicts with the primates; see Supplementary Information).

Finally, a last set of models (M7–9) assessed whether knowledge of primates, formal 
education, potential competition with primates, previous negative experience with them, 
and/or negative attitudes toward primates predicted participants’ behaviour, and especially, 
the measures taken by participants to reduce negative interactions with primates. As a 
measure of participants’ behaviour we used three different binomial dependent (response) 
variables: whether participants reported (M7) having ever caught primates, (M8) having 
used mild methods to reduce interactions with primates (i.e. fences, dogs, alarm systems, 
noise, or otherwise chasing primates without hurting them) or (M9) having used more inva-
sive methods (i.e. stones, traps, poison or otherwise hunting them). As test predictors, we 
included participants’ knowledge of primates, level of formal education, competition with 
primates, previous negative experience with primates, participants’ institutional knowledge 
(as above), and negative attitudes to primates (i.e. whether primates were considered as 
filthy, as negatively affecting the safety and health of residents, or as an increasing prob-
lem; see Supplementary Information).

For all models, we further included participants’ age, gender, residence (i.e. in a rural or 
urban area) and religion (i.e. belonging to the Muslim majority or not) as controls (Muthén 
2002; Marcinkowski and Reid 2019). Continuous predictors such as age of participants 
were z-transformed to facilitate model convergence. No random effects were included, 
as data points were independent observations (i.e. different participants). All models had 
a binomial structure. We used likelihood ratio tests (Dobson et al. 2001) to compare full 
models containing all predictors with null models containing only control predictors. To 
rule out collinearity, we determined the VIFs (Field 2005), which were minimal (maxi-
mum VIFs across all models = 2.35). Therefore, we could reliably interpret the effect of the 
single predictors included in our models. No convergence issues were detected.

Results

Descriptive findings

Most participants reported living in the same areas as long-tailed and pig-tailed macaques 
(Macaca nemestrina), and considered them as being the most destructive local primate 
species (Fig. 1a). Participants reporting crop raids by primates stated that on average 34% 
(± 9%) of their crops were damaged, with primates spending an average of 24 min a week 
in the crop fields and raids usually including 6–10 individuals. Crop raiding occurred 
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Fig. 1   a Attitude. For each non-human primate species, mean (+ SD) percentage of participants report-
ing to live with that species (grey bars) and considering it destructive (white bars). b Behavioural inten-
tions. Mean (+ SD) percentage of participants agreeing/strongly agreeing that the authorities should protect 
non-human primates (NHPs), control their populations, relocate them, provide residents with mechanical 
deterrents again primates (i.e. bins, traps, window nets, fences, cutting trees), kill primates or otherwise 
take other actions. c Behaviour. Mean (+ SD) percentage of participants reporting a frequent/very frequent 
use of methods against non-human primates, either non-invasive (i.e. fences, noise, alarm systems, dogs or 
other methods not hurting the primates) or more invasive (i.e. traps, stones, hunting, poison)
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throughout the year, but mostly from May to July. Around 26% of the participants reported 
having been disturbed by primates themselves, 15% having primates entering their house, 
16% having been stolen food or other items from their homes by primates, 14% chased by 
primates and 8% bitten by primates. Similarly, 27% of the participants reported knowing 
somebody having been disturbed by primates, 18% having primates on the property, 16% 
having been stolen food or other items from their homes, 17% having been chased or 15% 
bitten by primates (see Fig. S2 in Supplementary Information). Only 32% of the partici-
pants believed that hunting primates is illegal, although 62% of the participants believed 
that primates are otherwise protected.

The majority of participants (93%) agreed/strongly agreed that primates should live in 
forests, and not in urban areas (see Fig. S3 in Supplementary Information). While most 
participants (80%) agreed that primates should be protected by law, they also agreed/
strongly agreed that the authorities should take action to reduce human-primate conflicts, 
for instance, by controlling their population size, relocating them and placing mechanical 
defenses like fences to control primate populations (Fig. 1b). Few participants (27%) knew 
that there are official institutions in place to refer to in case of human-primate conflict. 
Among the participants who stated that their crops had been raided by primates (N = 273), 
only 11% reported losses to official institutions. Participants reporting to the authorities 
(N = 30) stated that the authorities took immediate action in three cases, translocated the 
monkeys in one case, and did not intervene in four cases. Participants relied more fre-
quently on direct measures to prevent conflicts with primates, using mostly non-invasive 
methods (e.g. fences, noises, alarm systems), but also employing invasive ones (e.g. traps, 
stones, poison; Fig. 1c).

Negative attitudes toward primates: the role of knowledge, formal education, 
competition with primates and previous experience (Models 1–3)

For all models, the full model significantly differed from the corresponding null model (see 
Table 2). M1 showed that participants growing crops (hereafter, farmers), and those report-
ing experience of others (e.g., relatives, friends) being damaged by primates (hereafter, 
people with negative indirect experience), had a higher probability of considering primates 
as being filthy (as compared to non-farmers and participants with no negative indirect 
experience, respectively; both p < 0.001). In M2, participants with higher formal educa-
tion (p = 0.040), negative indirect experience (p = 0.011), or directly competing with pri-
mates over food (p = 0.015), had a higher probability of considering primates as negatively 
affecting residents’ health and safety. Moreover, M3 showed that farmers (p = 0.012), and 
those with negative indirect experience (p < 0.001), had a higher probability of consider-
ing primates as an increasing problem. Therefore, competition with primates and previous 
negative experience with primates had a clear negative impact on participants’ attitudes to 
primates. In contrast, higher formal education only increased the probability of considering 
primates as negatively affecting residents’ health and safety (Table 1).

Behavioural intentions and possible approaches to reduce human‑primate 
conflicts: the role of knowledge, formal education, competition with primates 
and previous experience (Models 4–6)

For M4 and M5 (but not M6), the full model significantly differed from the correspond-
ing null model (see Table  3). In M4, participants with higher formal education and 
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better knowledge of the institutions (both p < 0.001) were more likely to state that primates 
should be protected. Similarly, M5 showed that participants with higher formal educa-
tion (p = 0.001) and better institutional knowledge (p = 0.004) were more likely to state 
that non-invasive interventions are needed. Therefore, higher formal education and better 
institutional knowledge had a clear positive impact on participants’ behavioural intentions 
(Table 1).

Behaviours and methods used to reduce conflict with primates: the role 
of knowledge, formal education, competition with primates, previous experience 
and negative attitudes to primates (Models 7–9)

For all models, the full model differed significantly from the corresponding null model 
(see Table 4). In particular, M7 showed that farmers (p < 0.001), participants with lower 
formal education (p = 0.046), those with negative indirect experience (p = 0.042) or believ-
ing that primates are filthy (p < 0.001) were more likely to report having caught primates 
at least once. Considering primate as negatively affecting residents’ health and safety 
instead, decreased the probability of participants having caught primates (p = 0.042). In 
M8, participants with higher formal education (p < 0.001) and better primate knowledge 
(p = 0.013) were more likely to use non-invasive methods. Finally, M9 showed that farm-
ers (p = 0.012), participants with lower institutional knowledge (p = 0.047), but also par-
ticipants with higher formal education (p = 0.007) were more likely to use invasive meth-
ods. Therefore, competition with primates and previous conflicting experience negatively 
impacted on participants’ behaviour, while better primate and institutional knowledge both 
had a clear positive impact on participants’ behavior. In contrast, the role of formal educa-
tion and negative attitude toward primates were less univocal (Table 1).

Discussion

In this study, we assessed how knowledge about primates, formal education, previous nega-
tive experience and potential competition with primates affected participants’ negative atti-
tudes to primates, their behavioural intentions and, in turn, their behaviour (Table 1). Our 
results showed that previous negative experience and potential competition had a clear neg-
ative impact on participants’ attitudes and behavior. Moreover, whereas higher formal edu-
cation mainly predicted better behavioural intentions toward primates, specific knowledge 
was linked to better behavioural intentions and also to better behaviour toward primates.

As expected, participants with more knowledge about primates and higher formal edu-
cation also had better behavioural intentions (Predictions 1b and 2b) and partially a more 
positive behaviour toward primates (Predictions 1c and partially 2c): participants expected 
authorities to protect primates and to use non-invasive measures to prevent/reduce con-
flictual interactions with primates, and in the case of having knowledge about primates, 
they were also more likely to take non-invasive measures in case of conflict. These results 
are in line with abundant literature showing a link between environmental education (both 
in formal and informal settings) and the emergence of better behavioural intentions and 
behaviour (see Ardoin et al. 2020; Krsany 2020). However, participants with more knowl-
edge about primates and higher formal education did not have better attitudes (in contrast 
to Predictions 1a and 2a; but see Krsany 2020). Participants with higher formal education, 
for instance, were more likely to consider primates as a problem for the safety and health of 
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residents (M2), besides reporting the frequent use of both invasive (M9) and non-invasive 
methods (M8) to reduce conflicts with primates. However, participants with higher formal 
education were also more likely to state that they had never caught primates (M7), and that 
the authorities should protect primates (M4) and use non-invasive methods (M5) to reduce 
conflicts, suggesting a non-univocal role of formal education. In contrast, participants with 
more primate knowledge did not have better attitudes (M1–M3), but consistently reported 
using non-invasive methods (M8–M9), stated that the authorities should protect primates 
(M4) and use non-invasive methods to reduce conflicts (M5). These results suggest that 
specific knowledge about primates may have a stronger positive effect than formal educa-
tion on participants’ behaviour and behavioural intentions. These findings are in line with 
other studies questioning the link between (some kinds of) knowledge and better behav-
iours and behavioural intentions. Zhang et  al. (2008), for instance, investigated people’s 
wildlife consumption in South-West China, and found that participants’ higher educational 
levels were not linked to better attitudes. Therefore, the authors suggested that gener-
ally improving education may not always be an effective measure to mitigate conflicts with 
wildlife (Zhang et al. 2008). Moreover, not all kinds of knowledge may be equally effec-
tive: if knowing the consequences of one’s own behaviours may effectively increase con-
servation awareness and improve people’s behaviours, more general systemic knowledge 
may have significantly less impact (Frick et al., 2004). Therefore, our results confirm the 
importance of implementing specific educational programs that provide detailed informa-
tion on the target species (e.g. Frick et al. 2004; Zhang et al. 2008; see Krsany 2020).

As predicted, both negative experience and competition with primates had a nega-
tive impact on participants’ attitude toward primates (Predictions 3a and 4a) and on their 
behaviour (Predictions 3c and 4c), but not on their behavioural intentions (in contrast to 
Predictions 3b and 4b; see Table  1). In particular, knowing other people who had been 
negatively affected by primates increased the probability of considering primates as filthy 
(M1), as an increasing problem (M2), and as negatively impacting the safety and health of 
residents (M3). Moreover, participants with previous negative experience were more likely 
to report having caught primates at least once (M7). Similarly, farmers were more likely 
to describe primates as filthy (M1) and as an increasing problem (M2), and when they 
directly competed with primates over the same food sources (i.e. growing the same crops 
that primates were thought of feeding on), they were also more likely to consider them as 
a problem for the safety and health of residents (M3), although it is possible that other spe-
cies were indeed (also) feeding on the crops (see e.g. Holzner et al. 2019, about macaques 
actually having a positive impact on oil palm plantation, as biological pest control). Moreo-
ver, farmers reported the frequent use of invasive methods (M9), and more likely reported 
to have caught primates at least once (M7). This is in line with other literature suggesting 
that competition over resources may increase the conflict between humans and other spe-
cies (see Humle and Hill 2016).

In contrast to our expectations, attitude to primates had no significant effect on whether 
participants took invasive or non-invasive methods to reduce conflicts, although it predicted 
whether participants reported having ever caught primates (partially in line with Predic-
tion 5). In particular, participants considering primates as filthy were more likely to have 
previously caught primates at least once (M7), while those considering primates as nega-
tively affecting residents’ safety and health were less likely to have ever caught primates 
(M7). While these results might seem counter-intuitive, they are not: correctly perceiving 
primates as a potential health problem implies that people reduce contact with them, and 
thus might more rarely catch them. Furthermore, our study showed that long-tailed and 
pig-tailed macaques were considered the most destructive species, with participants often 
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reporting damages to people and properties. This is in line with previous studies, showing 
that macaques are often considered a problem for humans and their properties (Nahallage 
et al. 2008; Campbell-Smith et al. 2010; Dittus et al. 2019), despite their potential of being 
essential to increase sustainable plantation management and maintain biodiversity (Holzner 
et al. 2019). Primates were considered a problem by residents in both urban and rural areas. 
This is not surprising, as interactions with macaques have become more frequent in Malay-
sian settlements, especially in areas with higher population growth (Perhilitan 2004; Ham-
bali et al. 2012), where macaques are relatively abundant and can have increased access to 
anthropogenic food resources (Oro et al. 2013). Participants often reported that primates 
damaged people and properties, in line with other studies on macaques in Southeast Asia 
(Sha et al. 2009; Hambali et al. 2012).

As in other studies, the largest majority of participants agreed on the need to protect pri-
mates (Sha et al. 2009), but also required some form of intervention by the authorities, be 
it relocation, population control or distribution of mechanical deterrents (Sha et al. 2009; 
Campbell-Smith et  al. 2010; Dittus et  al. 2019). In line with other studies, participants 
reported using both invasive and non-invasive measures to reduce conflicts with primates, 
but only rarely referred to the authorities in case of conflict, as the authorities were often 
considered ineffective to face the problem (Campbell-Smith et al. 2010; Hassan et al. 2017; 
Dittus et al. 2019). This is noteworthy, as all primate species are protected by the Depart-
ment of Wildlife and National Park, as they can be either hunted, kept or traded with a 
specific license/permission issued by the responsible authorities, or depending on the area 
they can never be hunted (see Malaysia 2010; Wildlife Conservation Act). Likely, this may 
largely depend on law enforcement being possibly insufficient in Malaysia, mostly because 
of lack of funds and human resources (Lappan and Ruppert 2019).

Our study has several important limitations. First, as most questionnaire-based stud-
ies, it relies on self-reported assessments that are necessarily subjective. In the future, 
more objective evaluations (e.g. assessing the real impact of primates through the use of 
camera traps) should be ideally combined with questionnaires to provide a more reliable 
assessment. Second, this study focused on the negative aspects of the relationship between 
humans and primates (e.g. negative experience, negative attitudes). This was necessary to 
better disentangle the relationship between human attitudes, behavioural intentions and 
behaviours in conflictual situations, as negative attitudes and experiences are more likely 
to contribute to the occurrence of conflictual situations. However, this choice might have 
led participants to only or more strongly focus on the negative aspects of their relationship 
to primates, although other positive aspects might have also been present. By negatively 
framing most of our questions, therefore, we might have biased participants to report more 
negative experiences, attitudes, behaviours and/or behavioural intentions. Even if this is 
true, and absolute frequencies in our study should thus be taken with some caution, the 
relation between variables is unlikely to be substantially affected by these biases. Our mod-
els, for instance, showed that negative attitudes toward primates were more likely when 
participants had previous negative experiences with primates, or potentially competed with 
primates over food. Even though our questions might have generally biased participant to 
report more negative attitudes toward primates, it is unlikely that they selectively biased 
specific groups of participants to report more negative attitudes (e.g. only participants with 
previous negative experience and potentially competing over resources with primates were 
biased by our focus on the negative aspects of the human-primate relationship, more likely 
reporting negative attitudes toward primates and therefore leading to a spurious signifi-
cant link between negative attitudes, previous experience and potential competition). In the 
future, however, it would be interesting to investigate other and more positive aspects of 
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the mutual and complex relationship between humans and other species, to also assess how 
positive attitudes interplay with negative ones in predicting behaviour toward wildlife.

Overall, our results support previous studies suggesting that the most effective way to 
improve human behaviour in potentially conflictual situations is to increase people’s spe-
cific knowledge about primates and the responsible institutions, while decreasing nega-
tive experience and potential competition (Marcinkowski and Reid 2019). Direct specific 
knowledge (rather than general formal education) may not improve attitude toward pri-
mates, but it clearly impacts on the decisions taken by humans to reduce conflicts with 
wildlife. Hopefully, these findings will be useful to the authorities to further implement 
measures to reduce potential conflicts between humans and other primates. In the future, 
the authorities should consider providing further support to the residents by supporting 
environmental education projects providing more information (1) on primates, (2) on the 
institutional support available in case of conflict with primates, and (3) on the health risks 
associated with interactions with primates. Primates are a crucial component of different 
ecosystems (Hawes and Peres 2014; Estrada et al. 2017). With the decline of biodiversity, 
we are risking to lose primate diversity, and with that our closest living ancestors. For more 
than five million years, humans and primates have largely shared the same environments 
(Humle and Hill 2016), and primates are still an essential model for the study of human 
evolution. Moreover, primates have a strong impact on human communities, and can pro-
vide us with unique social, biological and economic benefits (see e.g. Holzner et al. 2019). 
To date, primates have been the focus of a lot of behavioural and cognitive research, but 
little is still known on the effectiveness of conservation strategies, including educational 
programs (Junker et al. 2020). Understanding which measures are most effective at improv-
ing human behaviour toward primates and decreasing conflicts will be a crucial endeavor 
in any conservation agenda to ensure the welfare and long-term survival of wild primate 
populations.
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