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ABSTRACT
Our understanding of the transmission of anthropozoonotic diseases between humans and non-human
primates, particularly great apes due to their close genetic relationship with humans, highlights a serious
potential threat to the survival of these species. This is particularly the case at tourism sites where risk
of disease transmission is increased. We focus on the interaction between tourists and the Critically
Endangered Sumatran orangutan (Pongo abelii) at Bukit Lawang in the Gunung Leuser National Park,
Indonesia, before and after the park was closed due to the threat of COVID-19 in April 2020. Through
analysis of posts on Instagram we determine the extent of compliance by visitors with the rule to keep
a minimum distance of 10 m from orangutans and assess the positional behaviours of the orangutans.
Of the 2,229 photographs we assessed between November 2019 and July 2020, 279 depicted one or
more orangutans. Forty-two of these contained both a human and an orangutan, and of these all showed
inappropriate behaviours (direct contact, feeding orangutans, close proximity <5 m) providing direct
evidence of non-compliance with the 10-m distance rule. Most of these photographs additionally
showed orangutans performing abnormal positional behaviours such as being low to or on the ground
rather than their natural high position in the canopy; being near the ground and in close proximity to
humans increases the risk of anthropozoonotic disease transmission. As expected, we found a
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significant decrease in number of photographs that were posted following the closure, and a decrease
in the proportion of photographs that showed orangutans, or tourists feeding orangutans. Tourists do
not seem to perceive that they pose risks to the orangutans and therefore increased awareness, education
and enforcement of rules by all stakeholders, tourism bodies and government officials need to be
actioned in order to safeguard this important population, which is crucial to the future survival of the
Sumatran orangutan.

INTRODUCTION
Many pathogenic diseases affecting humans are zoonotic [Morse et al., 2012], and non-human primates
are similarly susceptible to human pathogens [Buitendijk et al., 2014; Dunay et al., 2018; Patrono et al.,
2018; Gillespie and Leendertz, 2020]. Many diseases impacting non-human primates are likely of
human origin and include intestinal viruses (polio, hepatitis, herpes), bacteria (Campylobacter spp.,
Salmonella spp.), parasites (Giardia lamblia, Schistosoma spp.) and respiratory viruses (measles,
influenza) and bacteria (Streptococcus pneumoniae, Mycobacterium tuberculosis) [Devaux et al.,
2019]. Owing to their close genetic proximity to humans, great apes are of particular concern in regard
to disease transmission. Previous disease outbreaks have devastated populations and have had major
impacts on great ape conservation, such as the Ebola outbreak in central Africa, which was responsible
for the death of 95% of western lowland gorillas (Gorilla gorilla gorilla) between 2002 and 2004
[Genton et al., 2012].
Respiratory infections, such as pneumonia, tuberculosis and influenza, are a serious threat to
great apes [Köndgen et al., 2008; Buitendijk et al., 2014; Emery Thompson et al., 2018; Patrono et al.,
2018; Scully et al., 2018; Glasser et al., 2021]. For example, an outbreak between 2016 and 2017 of a
respiratory illness in wild chimpanzees (Pan troglodytes) was caused by the OC43 human coronavirus
[Patrono et al., 2018]. A review of pathogens transmitted from humans to great apes revealed 33 records
of which the majority related to respiratory illness in semi-wild populations of chimpanzees and
gorillas, and only 2 recorded cases related to orangutans (Pongo spp.) [Dunay et al., 2018]. It is thought
that the lack of recorded mass mortality events from infectious disease in orangutans could be due to
their more solitary nature in comparison to the African great apes [Philippa and Dench, 2019]. However,
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orangutans, especially wild populations, are underrepresented in the literature on great apes and
infectious diseases [Mul et al., 2007; Nurcahyo et al., 2017; Philippa and Dench, 2019; Stuart et al.,
2020], and the majority of these data is from captive populations in zoos, sanctuaries and rehabilitation
centres.
A 2019 review examining the prevalence of infectious diseases in orangutans (wild and captive)
revealed 96 infectious diseases with the majority of these accounts sourced from only 7 studies [Wells
et al., 1990; Kalter et al., 1997; Warren, 2001; Kilbourn et al., 2003; Mul et al., 2007; Foitová et al.,
2009; Labes et al., 2010]. While hepatitis B and tuberculosis were thought to have significant potential
for cross-species transmission due to their prevalence in the human populations of orangutan home
range countries, respiratory diseases were again the primary infectious diseases of concern. Enteric
bacteria, often detected in cases of respiratory disease (causing air sacculitis from inhalation of faecal
contaminants) could also be a source of infection. The susceptibility of great apes to human pathogens
needs to be managed appropriately [Philippa and Dench, 2019].
Additionally, 51 parasite species are known to infect orangutans [Nurcahyo et al., 2017]. Semiwild and captive orangutans are more frequently infected by Cryptosporidium sp. than wild orangutans
[Mynářová et al., 2016], and 76% of samples from semi-wild Sumatran orangutans (Pongo abelii) in
Bukit Lawang, north Sumatra, tested positive for Entamoeba [Stuart et al., 2020]. More recently,
concerns have been raised by a plethora of scientists regarding the COVID-19 pandemic, its impacts on
biodiversity conservation and specifically its impact on non-human primate species [Corlett et al., 2020;
Santos et al., 2020]. A recent study has shown that all great apes and all African and Asian monkeys
are potentially susceptible to SARS-CoV-2 infection [Melin et al., 2020]. In January 2021 three captive
western lowland gorillas in San Diego Zoo were confirmed positive for SARS-CoV-2 (they have since
recovered and received an experimental COVID-19 vaccine [USDA, 2021]). In September 2021, 18
out of the 20 western gorillas at Atlanta Zoo were reported to be symptomatic for COVID-19 with 9
testing positive for SARS-CoV-2 [Zoo Atlanta, 2021].
Increased contact with humans has long been highlighted as a significant risk factor that
exposes orangutans to infectious diseases [Köndgen et al., 2008; Dellatore et al., 2009; Foitová et al.,
2009; Muehlenbein et al., 2010; Kuze et al., 2012; Mynářová et al., 2016; Russon et al., 2016; Nurcahyo
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et al., 2017; Dunay et al., 2018; Stuart et al., 2020]. Orangutans’ susceptibility to infectious diseases
can be exacerbated by numerous stress factors which negatively impact their welfare such as altered
behaviours (more time on ground) and habituation (close human contact) [Muehlenbein et al., 2010;
Moorhouse et al., 2015]. The human-primate interface afforded by tourism is particularly problematic
[Lappan et al., 2020], and it is suggested that the risk posed by tourists to great apes increases as the
distance between the two decreases [Van Hamme et al., 2021].
In order to mitigate the risks presented by human visitors, the need for visitor education has
been emphasized [Muehlenbein and Wallis, 2014]. Conservationists have strongly urged the use and
implementation of best practice guidelines on great ape tourism and health monitoring [Macfie and
Williamson, 2010; Gilardi et al., 2015; Dunay et al., 2018; Gillespie and Leendertz, 2020]. However,
actual implementation of these guidelines has been inconsistent [Dunay et al., 2018; Hanes et al., 2018;
Otsuka and Yamakoshi, 2020], and there appears to be much non-compliance [Weber et al., 2020;
Glasser et al., 2021; Van Hamme et al., 2021]. Compliance with rules and regulations receives little
attention in conservation literature despite its underpinning much of nature conservation [Keane et al.,
2008; Arias, 2015; Solomon et al., 2015; Fairbrass et al., 2016]. In order to undertake impactful research
with effective outcomes, the nature of non-compliance needs to be understood. Examining noncompliance from a risk perception and risk communication perspective can provide valuable insights
[Decker et al., 2010; Fairbrass et al., 2016; Abrams et al., 2020].
The International Union for Conservation of Nature (IUCN) advise (in addition to other
measures) maintaining a distance of 10 m from great apes at all times [IUCN, 2020], and the majority
of great ape tourism sites closed to all visitors (both tourists and researchers) by the end of March 2020
in response to the COVID-19 pandemic. Many statements targeting the threats of COVID-19 focused
on African great apes [Carrington, 2020; Lewis, 2020; UN, 2020; UNESCO, 2020]. There are few
reports regarding the impact on or the action taken by the many sites in Indonesia involving orangutan
tourism, research or rehabilitation [Karokaro and Jong, 2020; Montague, 2020; SOCP, 2020;
Vyawahare, 2020]. To safeguard the orangutan population and to reduce the risk of transmission in
north Sumatra, the local governmental authorities acted decisively by closing the Gunung Leuser
National Park, the Sumatran orangutans’ stronghold, to all visitors on March 18, 2020, and in Bukit
4

Lawang by distributing a detailed information leaflet to all guest houses and the local tourist guide
association.
Social media offers a novel and convenient method for investigating compliance and other
issues, such as welfare, at great ape tourism sites [Nekaris et al., 2016; Van Hamme et al., 2021]. Here
we review posts on the social media platform Instagram and use this information to assess risk
perceptions and the risk of disease transmission from visitors to the orangutan population in Bukit
Lawang, the main site within Gunung Leuser National Park where tourists come to observe orangutans.
Based on published research, personal observations of tourist behaviours and preliminary reviews of
social media we hypothesize that (1) non-compliance with the 10-m distance rule will occur (H1), (2)
national park closure will be effective in reducing the risk of disease transmission (H2), (3) orangutans
will demonstrate habituation and exhibit unnatural positional behaviours (H3) and (4) visitors’
perception of risk to both themselves and the orangutans will be low (H4).

MATERIAL AND METHODS
Study area
Bukit Lawang is a tourist-focused village located within the Langkat district of north Sumatra
(03°32.770′ N, 098°07.000′ E) on the eastern edge of the Gunung Leuser National Park, adjacent to the
Bohorok river. Bukit Lawang has a long affiliation with orangutan tourism (dating back to the early
1970s) as well as its associated problems such as lack of rule compliance and decreased orangutan
welfare [Rijksen and Meijaard, 1999; Dellatore et al., 2009; Kuze et al., 2012; Dellatore et al., 2014;
Susilawati et al., 2020]. In 1973, an orangutan rehabilitation centre was opened in Bukit Lawang. Over
time a growing body of evidence revealed that close contact with humans was dangerous for orangutans,
and also the release of rehabilitated orangutans posed a risk to wild populations, and therefore the centre
was closed in 1991 [Smits et al., 1995; Russon et al., 2001]. However, official supplementary feedings
by national park rangers to the now released, semi-wild orangutans and illegal feedings by guides and
guests during jungle treks perpetuated the problems associated with close contact. Although the feeding
platform and viewing sessions were discontinued in 2015, there is still a large tourism industry focusing
on activities in the national park. Feeding and close contact still persist despite rules and guidelines
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issued by the national park authorities regarding wildlife viewing and safety information and Indonesian
law (UU No. 5 tahun 1990; Conservation of living Natural Resources and Ecosystem; article 21,
paragraph 2) which prohibits injury to protected animals (feeding and getting close to orangutans can
damage their health and comes under the definition of injury). Beginning in early 2018, the national
park authority has worked together with local scientists to produce detailed educational information on
the rules associated with orangutan viewing, anthropozoonotic risks and practical applications to
disseminate this information.

Data collection
Starting in April 2020 we systematically searched for photographs shared publicly on the popular photo
sharing app Instagram, using #bukitlawang. Photographs were retrieved retrospectively based on the
dates they were posted. As the national park was closed on March 18, 2020, and reopened for Indonesian
visitors in August 2020, we retrieved photographs from 5 months prior to the official closure of the
national park (November 2019 to March 2020) and 4 months following closure (April to July 2020).
We sampled a randomly selected, consecutive 10-day period each month and recorded the total number
of photographs posted with #bukitlawang. From these photographs, we selected all photographs
containing an orangutan and removed all others containing the village, markets, restaurants, food,
landscapes, people etc. In order to investigate the impact of closing the national park, photos that were
posted after closure but actually taken prior to closure (as evidenced by comments or dates) were
excluded. Photos that were posted after closure but had no information to accurately date them to have
been taken prior to closure were included in our analysis. We categorized photographs into: (1) both a
human and orangutan present within the photograph at close proximity (<5 m) and (2) photographs of
an orangutan without a human present but indicating close proximity (<5 m). Close proximity was
implied by the position of the human present in the photograph, or where photographs were taken
extremely close (when it was evident that a zoom lens had not been used) and could not have been
obtained without breaking the rule to keep a minimum distance of 10 m. To determine whether or not
a zoom lens was used we examined the style and quality of the photograph, the position and behaviour
of the orangutan, and the account profile and history. To investigate orangutan positional behaviours,
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habituation and visitors’ perception of the risks, photographs containing both a human and an orangutan
were analysed in terms of: (1) estimated distance between the orangutan and human showing direct
contact (touching/feeding) or close proximity (<5 m), (2) the position of the orangutan within the forest
canopy, on the ground, within a small tree or sapling <3 m in height, and >3 m high in the canopy, (3)
the sex and age of all orangutans present in close or direct contact with humans (to assess the risk
perception of visitors to this species in relation to age and sex).

Statistical Analysis
We used t tests for two independent means to compare the monthly number of photographs posted prior
to and following closure of the national park, to compare monthly number and percentage of
photographs posted containing orangutans, and monthly number and percentage of photographs
showing close proximity (i.e., estimated at <5 m) or direct contact of orangutans and humans before
and following national park closure. Prior to analysis we checked whether or not the data approached a
normal distribution, and we checked for homogeneity of variance. We present means ± SD. We carried
out all tests using SPSS v.26, and we accept significance when p < 0.05 in a two-tailed test

RESULTS
Within the 8-month period of data collection, 2,167 photographs were obtained under the
hashtag #bukitlawang, including 1,389 before and 778 after national park closure (Table 1). There
was a decrease in the total number of photographs posted in the 4 months after the closure of the
national park (278 ± 66 before vs. 194 ± 60 per month after, t = 1.964, p = 0.090), and the number of
photographs containing orangutans significantly decreased (50 ± 6 before vs. 7 ± 2 per month after, t
= 13.47, p < 0.001). There was a significant difference in the number of photographs including an
orangutan before and after national park closure (t = 6.415, p < 0.001) in terms of the percentage of
photographs that included an orangutan (18 ± 4% before and 4 ± 2% after).
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We observed a significant decrease in the percentage of photographs showing both an
orangutan and a human in close proximity (<5 m) or in direct contact (including the feeding of the
orangutan) following closure. Prior to the closure 16 ± 3% of these photographs show close contact
whereas afterwards this decreased to 3 ± 5% (t = 6.652, p < 0.001). In photographs showing both an
orangutan and a human, 60% of orangutans were single adult females, 20% were adult females with
offspring, 13% were juveniles of either sex, and 8% were of fully developed adult males (possessing
cheek flanges).
Additionally, the number of photographs containing orangutans that indicated close proximity
(<5 m) of a human – but no human was present in the photograph – decreased after closure of the
national park from 108 out of 250 to 6 out of 29.
The behaviour of the orangutans when in close proximity to humans, as expressed through
their position in the forest canopy (using aggregate data for the total collection period) revealed 14
instances on the ground, 24 in a small tree or sapling <3 m in height, and 2 in a tree >3 m high in the
canopy. In relation to human behaviour towards orangutans, analysis revealed 5 instances of feeding,
3 directly touching, and 34 in close proximity <5 m of an orangutan.
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DISCUSSION
We show here, using photographs posted on Instagram by tourists, that it is possible to study compliance
and to assess potential risks of transmission of anthropozoonotic diseases between humans and nonhuman primates. Directly studying non-compliance with rules presents challenges as participants may
be reluctant to participate and speak freely, and data are often collected after interventions, limiting its
quality [Keane et al., 2008]. Using social media offers an opportunity to generate data without such
constraints and can be a cost efficient and complementary data source for conservation research
[Wilkins et al., 2020]. However, associated biases and ethical issues that are inherent to online data
collection must be carefully considered, and therefore caution should be exercised when interpreting
our findings [Toivenan et al., 2019]. For instance, the data collected for this study provides us with
information about what is posted on Instagram but this may not be representative of actual numbers of
visitors or the behaviours of all visitors to the national park.
In the time periods assessed, all 42 photographs containing both an orangutan and a human, and 114
photographs of just an orangutan (no human present) illustrated non-compliance with the 10-m distance
rule, and thus show that there is a risk of disease transmission (Fig. 1). The human behaviours illustrated
are inappropriate, against the rules and guidelines, and clearly demonstrate non-compliance, supporting
our first hypothesis that non-compliance with the distance rule would occur (Fig. 2). Photographs
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showing direct contact or close proximity <5 m also indicate a high level of habituation of the resident
orangutans to the presence of humans, supporting our third hypothesis that orangutans will demonstrate
habituation. In 95% of these photographs, orangutans were seen either on the ground or within a small
tree sapling at a height of <3 m. Although Bornean orangutans (P. pygmaeus) have been documented
to show terrestrial behaviour [Ancrenaz et al., 2014], it is extremely rare to see a wild Sumatran
orangutan on the ground; our results thus indicate an alteration to natural behaviours, likely to
exacerbate susceptibility to any disease risk, further supporting our third hypothesis that orangutans will
exhibit unnatural positional behaviours [Delgado and van Schaik, 2000; Dellatore et al., 2014].
There was a significant decrease in the percentage of photographs showing orangutans and
humans in close proximity or in direct contact after national park closure. This indicates that the closure
of the park was effective in reducing the amount of contact between humans and orangutans, including
the risk of the new threat of COVID-19 and other potential disease transmission. This supports our
second hypothesis that national park closure will be effective in reducing the risk of disease
transmission.
The COVID-19 pandemic has increased people’s awareness of zoonoses and potentially
heightened risk perception, and this may have positive impacts on the behaviour of visitors to the
Gunung Leuser National Park, making them more likely to comply with the rules [Lappan et al., 2020].
This is urgently needed, because while closing the national park dramatically lowers the risk of disease
transmission, permanent closure to human visitors is unrealistic and zero impact tourism simply does
not exist. If the benefits of the park’s closure are to be capitalized on and these benefits made more long
term, then changes must be made to the way visitors behave during jungle trekking activities, the
information provided to inform people of the risks needs to be supported and awareness of it promoted
by all stakeholders [Lappan et al., 2020].
Frequent close proximity and direct contact between visitors to Bukit Lawang and the
orangutans (all sexes and ages) suggests that visitors perceive little or no risk associated with their
behaviour supporting our fourth hypothesis that visitors’ risk perceptions will be low. Female adult
orangutans are present in 60% of photographs, and therefore they may have developed a lowered
perception of the risk from humans, whereas female orangutans with offspring are perhaps more risk
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averse and stay away from humans (20% of photographs). Research into photographs with gorillas has
shown that tourists tend to get closer to young gorillas, perhaps reflecting that those tourists see them
as less of a risk than their adult counterparts and that infants have a lower risk perception of humans
[Van Hamme et al., 2021]. However, our data should be interpreted with caution, as it is possible that
some females had infants who did not appear in the photos. The juveniles’ mothers may have been
nearby and similarly did not appear in the photos. The fact that only 3 photographs show a fully
developed adult male could be explained by orangutan social structure, which means that there are
fewer adult males in the area and they are less habituated to human visitors. It could also be that people
are more aware of the risks of getting close to a physically large and fully developed adult male
orangutan.
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It is an interesting paradox that human visitors often express concern for the welfare and survival of
orangutans, evidenced by comments on the Instagram photographs, yet they do not perceive that their
own actions, of getting close for a selfie, present a risk and compromise the health of the very orangutans
they are viewing [Muehlenbein et al., 2008]. Our study indicates a gap in knowledge about orangutans.
Provision of information can remove knowledge barriers, increase awareness and influence compliance
[Arias, 2015]. In order to address and understand this apparent gap in knowledge and develop and
implement effective risk communication information, we need to try and consider why the available
rules are not complied with [Arias, 2015; Solomon et al., 2015; Fairbrass et al., 2016] and how risks are
perceived [Decker et al., 2010; Hanisch-Kirkbride et al., 2013].
Three factors that influence risk perception are: (1) community culture, (2) societal risk
response and (3) characteristics of the risk itself. Societal risk response constitutes the quality and
quantity of media coverage and the actions of risk management agencies and education efforts of official
bodies [Decker et al., 2010]. Media is riddled with images showing close contact with animals and
wildlife. Often such images are of celebrities, TV presenters and researchers. Such imagery normalizes
close contact, exacerbates any lack of societal risk response and diminishes the perception that human
behaviours can cause risk [Van der Meer et al., 2019; Lenzi et al., 2020; Thomas-Walters et al., 2020].
It has been suggested that primatologists should lead the way by promoting and following safe practices
including not being photographed holding primates or using and sharing photos showing close humanprimate spacing [Lappan et al., 2020]. In looking at the characteristics of a risk itself and how it
influences risk perception, the only aspects of a risk that are important are those that people are aware
of and that perceived characteristics of a risk precede their response [Decker et al., 2010].
There are whole agencies, government departments and many experts who specialize in dealing
with risk communication, particularly in response to the COVID-19 pandemic. Conservation as a
discipline needs to work across different fields (e.g., psychology, sociology, criminology, economics,
risk and decision science) to engage with and learn from such experts [Dick et al., 2017], rather than
expecting researchers to be able to communicate effectively without any specific training or
consideration of this aspect [Rizzolo, 2017]. This issue is multifactorial; rules and guidelines are
pointless without compliance which cannot be taken for granted. Enforcement is not as simple as just
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expecting compliance. Conservation outcomes can be improved by embracing techniques from different
fields [Margules et al., 2020]. A study in Bwindi Impenetrable National Park in Uganda has shown that
there is a lack of rule adherence in mountain gorilla (Gorilla beringei beringei) tourism [Weber et al.,
2020]. This study recommends that visitors should be required to wear facemasks, emphasizing the
importance of empowering tour guides and managing visitor expectations. In response to COVID-19,
teams at the Tchimpounga Sanctuary and the Gombe Stream research centre in Tanzania have
implemented a variety of additional measures and are enforcing IUCN best practice guidelines on great
ape health monitoring [Smit, 2020]. The Sabah Wildlife Department in Malaysia has also advised
visitors to follow standard operating procedures to reduce the risk of COVID-19 transmission at the
Sepilok Orangutan Centre, which reopened to local and Malaysian visitors on June15, 2020 [FMT,
2020]. While the Sumatran Orangutan Conservation Programme (SOCP) has reported taking serious
measures to protect the in habitants of their rehabilitation facility [SOCP, 2020] there is scant
information from orangutan tourism sites detailing what action is being taken to prepare for reopening
of the national parks and thus the protection of the wild orangutan populations.
The seemingly simple way to mitigate the risks illustrated by our study is to have clear rules
for visitors to the national park and ensure that these rules are complied with by all stakeholders and
strictly enforced by national park authorities. There are clear rules displayed on a large signboard at the
official entrance to Gunung Leuser National Park in Bukit Lawang, national park staff have distributed
a detailed information leaflet entitled “Wildlife watching and safety information for visitors to Gunung
Leuser National Park” to all guest houses and the guide association. A variety of information (available
in both English and Bahasa Indonesia) which reflects advice on risk communication has also been
produced and distributed [Decker et al., 2012; Muehlenbein, 2017]. Some guest houses and trek
providers market their services by focusing on the ethical aspects of trekking, strict rule adherence and
actively promote awareness of trekking rules on social media. Despite these efforts both locally and
internationally, there appears to be a lack of awareness, limited support for and a worrying lack of
interest and apathy from stakeholders in the promotion of such information, which can only serve to
benefit the Sumatran orangutan population and have relevance for other orangutan populations, great
apes and wildlife viewing sites in general. Lack of visitor awareness about the rules of trekking at Bukit
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Lawang could be explained by poor enforcement, communication distribution of information, and lack
of guide education and empowerment. We propose that a major reason for non-compliance is a lack of
societal risk response to the disease risk humans present to orangutans, resulting in ignorance about the
risk.

CONCLUSION
Tourism activities in and around Bukit Lawang help to protect the national park, and the park’s
orangutans are ambassadors for their species [Russon and Russell, 2005; Purwanto, 2016]. However,
our study has identified noncompliance with rules by human visitors, which risks exposing the
orangutan population in Bukit Lawang to human pathogens, including SARS-CoV-2. It is absolutely
crucial that in order to minimize this risk that visitor education is successful. We call upon everyone
concerned to help safeguard these Critically Endangered orangutan populations by raising the profile
of this information (which could easily be done by sharing information on social media and websites)
and promoting awareness so that visitors are aware of their potential impact on the orangutans and can
formulate a risk response, such as following the guidelines, before they arrive.
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