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Abstract
1.	 Mountain gorilla Gorilla beringei beringei trekking is a substantial source of revenue 

for the conservation of this threatened primate and its habitat. Trekking, however, 
may pose a threat of human-to-gorilla disease transmission that could have disas-
trous effects on wild gorillas.

2.	 We used 858 photographs posted on Instagram in 2013–2019 to analyse the prox-
imity of tourists visiting mountain gorillas in the wild. We classified photographs of 
the encounters according to the distance between the closest gorilla and human, 
the age class of the gorilla, the trekking location and presence of a surgical face 
mask on the tourist. We ran a generalised linear mixed model to test whether 
these variables influenced the distance between the human and the wild gorillas 
in the photographs, and to test whether these distances have changed over time.

3.	 Most sampled photographs (86%) showed tourists within a critical 4 m of the goril-
las, with 25 incidents of physical contact between a tourist and a gorilla, and only 
3% at the recommended distance of 7 m or more. We only were able to record 
face mask use in the Democratic Republic of Congo, where these were present in 
65% of uploaded photos.

4.	 Tourists and immature gorillas tended to get closer to each other than tourists and 
adult gorillas, and this is more pronounced in female tourists than male tourists. 
The mean distance between human and wild gorillas decreased by ~1 m between 
2013 and 2019.

5.	 The results indicate that existing rules are not enforced and raise attention to 
this unsustainable aspect of mountain gorilla trekking as it is practiced today. 
These ever-growing tourist attractions in the range countries pose risks of disease 
transmission in both directions between tourists and wildlife. The popularity of 
photograph-based social media may stimulate closer contacts and influence peo-
ple into risky behaviours.

6.	 We advocate the establishment and reinforcement of regulations relating to the 
distance between animals and tourists in any in situ wildlife ecotourism context, 
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1  | INTRODUC TION

Wildlife tourism is an ever-growing field and an important con-
tributor to the national income in many countries (Muehlenbein & 
Ancrenaz, 2009), and in 2018 it generated US$120.1 billion to the 
global GDP (World Travel & Tourism Council, 2019). Tourism is espe-
cially growing in areas with rare and threatened wildlife species and 
this trend is predicted to continue (Cong et al., 2014; Muehlenbein 
& Ancrenaz,  2009). This growth in wildlife tourism presents the 
problematic issue of anthroponotic (reverse zoonotic) disease trans-
missions due to the increase in human–wildlife interactions (Devaux 
et  al.,  2019; Muehlenbein,  2016; Rondeau et  al.,  2020; Sleeman 
et al., 2000; Woodford et al., 2002). Threatening both wildlife con-
servation and public health (Taylor et al., 2001), anthroponotic and 
zoonotic disease transmission between human tourists and the an-
imals visited is therefore a crucial aspect to consider regarding the 
sustainability of these practices (Muehlenbein et al., 2010). In this 
context, gorillas (Gorilla spp.) are especially at risk due to their close 
genetic similarity with humans (e.g. a codon region analysis identi-
fied an amino acid sequence divergence between humans and go-
rilla proteins of a mere 1.58%; Hacia, 2001), and their susceptibility 
to emerging infectious diseases that affect humans globally (e.g. 
Lam et al., 2020). In the last decade, trekking to see mountain go-
rillas, a subspecies of the eastern gorilla G. beringei, has become a 
major tourist attraction in the range countries Rwanda, Uganda and 
Democratic Republic of Congo (DRC). The number of tourists visiting 
mountain gorillas has reached approximately 50,000 tourists every 
year (Robbins,  2018). As a result, Spelman et  al.  (2013) estimated 
60% of wild mountain gorillas have been habituated to humans for 
tourism and research, with each group of habituated gorillas being 
exposed to thousands of visitor-hours per year (Homsy,  1999; 
Weber et al., 2020). In 2018 alone, gorilla permits were sold by the 
Rwanda Development Board for a total of US$19.2 million (Rwanda 
Development Board,  2019). Because of the substantial revenue it 
generates, ‘gorilla ecotourism’ is considered a key component for re-
gional economic development and gorilla conservation (Moorhouse 
et al., 2015).

Nonetheless, the value of ecotourism as a conservation tool 
and its sustainability are debated due to its potential negative im-
pacts on gorilla populations (Dunay et  al.,  2018; Goldsmith, 2014; 
Muehlenbein & Wallis,  2014). These doubts include behavioural 
disturbances (Klailova et  al.,  2010), increased stress levels (Shutt 
et al., 2014; Woodford et al., 2002) and the risks of anthroponosis. 
The risk is particularly important considering great apes (i.e. chim-
panzees, bonobos, the two species of gorillas and the three species 

of orangutans) due to the close phylogenetic relationship that these 
primates share with humans, making them susceptible to a wide 
range of infectious human diseases and a potential source of human 
infections (Devaux et  al.,  2019; Hacia,  2001; Narat et  al.,  2017; 
Sleeman et al., 2000; Woodford et al., 2002).

Diseases potentially transmittable to apes include, but are not 
restricted to, respiratory illnesses such as human paramoxyvirus 
(Köndgen et al., 2008); human respiratory syncytial virus (Szentiks 
et al., 2009); human metapneumovirus (Palacio et al., 2011); influ-
enza A and B (Buitendijk et  al.,  2014) as well as the human coro-
navirus OC43 (Patrono et al., 2018); gastrointestinal bacteria such 
as Escherichia coli (Rwego et al., 2008); and parasites like Sarcoptes 
scabiei (Kalema-Zikusoka et al., 2002) or Giardia duodenalis (Graczyk 
et al., 2001). In addition, the novel coronavirus SARS-CoV-2, which 
can cause Covid-19 in humans and is responsible for the 2019–
2021 pandemic, is known to also to infect great apes (Gillespie & 
Leendertz, 2020; Melin et al., 2020; Gibbons, 2021). Diseases orig-
inating from humans have repeatedly caused the death of habitu-
ated apes (Grützmacher et al., 2018; Köndgen et al., 2008; Negrey 
et al., 2019; Palacios et al., 2011; Spelman et al., 2013) and are sus-
pected to be responsible in numerous further cases (Grützmacher 
et al., 2018; Hill et al., 2001; Wallis & Lee, 1999). Researchers suggest 
that respiratory illnesses represent the main threat posed by tourists 
to great apes (Cranfield, 2008; Wallis & Lee, 1999), and that such 
risks rise with increasing proximity between the two (Sandbrook 
& Semple, 2006; Williamson & Macfie, 2014). In the case of gorilla 
trekking, tourists seem to be getting closer to the animals than in 
the past, thus increasing the risks (Hanes, 2012; Hanes et al., 2018; 
Sandbrook & Semple, 2006).

Photography plays a central role in wildlife tourism (Lemelin, 2006; 
Pearce & Moscardo, 2015) and in the recurrence of close encounters. 
Taking selfies has become a means to organise memories and share 
them, including on social media (Schleser,  2014). The like currency 
generated from such photos also forms the basis of the trend for tour-
ism selfies and can be an incentive to visit attractions with animals. 
Wildlife selfies—that is, when people take photos of themselves with 
wild animals—have become highly popular on the Internet, regardless 
of the negative impacts and risks often associated with them (Carder 
et  al.,  2018; D'Cruze et  al.,  2017; Ellenberg,  2017; Hasanah Abd 
Mutalib,  2018; Kitson & Nekaris,  2020; Pagel et  al.,  2020; Pearce & 
Moscardo, 2015). While this issue is not entirely new (Sontag (1977) al-
ready highlighted how intrusive tourists' photography can be for the vis-
ited environment and its inhabitants), the latest technological advances 
have multiplied these effects. Today, with the democratisation of both 
Social Networking Sites (SNS) and smartphones, an increasingly large 

as well as campaigns to raise awareness regarding the risks of anthroponosis, and 
fines applied in case of non-compliance.
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portion of the global population is able not only to produce but also 
distribute and consume photographs. The ensuing massive numbers of 
images depicting close interactions with wild animals that are published 
on SNS such as Facebook, Instagram and Twitter have a great influence 
on their audience, tourists' actions and decisions (Spradlin et al., 2001). 
It can push people into risky behaviours to reproduce what they have 
seen, with the images that drew them to the location in the first place 
sometimes creating unrealistic expectations (Pagel et al., 2020). These 
selfies require a certain proximity between tourists and wildlife and 
are therefore inextricably linked to issues of anthroponotic disease 
transmission.

One of the strategies used to mitigate the risk of disease trans-
mission is an international rule recommending tourists to maintain 
a minimum distance of 7 m to gorillas while visiting them (Macfie & 
Williamson, 2010). This 7 m rule was established based on research 
demonstrating that disease-carrying droplets can travel up to 6 m 
(Xie et al., 2007). Evidence suggests that this rule is often neither 
followed by the tourists nor enforced by their accompanying staff 
(Hanes et al., 2018; Sandbrook & Semple, 2006; Weber et al., 2020). 
In 2004, Sandbrook and Semple (2006) conducted 361 tourist inter-
views to determine distances of encounters initiated while trekking 
gorillas in Uganda's Bwindi Impenetrable Forest National Park (NP). 
Their results showed a mean distance of 2.76 m at the moment of 
closest proximity, closer than proscribed. Hanes et  al.  (2018) sup-
ported these results with a mean nearest distance of just over 2 m for 
the same park. Furthermore, five of their 25 interviewees reported 
physical contact with gorillas during the trek. Weber et al.  (2020), 
also focussing on Bwindi Impenetrable Forest NP, found that the 7 m 
rule was violated in 98% of the studied trekking tours. Other guide-
lines established by the International Union for Conservation of 
Nature in their Best Practice Guidelines for Great Ape Tourism (Macfie 
& Williamson, 2010) recommend wearing a surgical facemask when 
visiting gorillas for research or tourism because it represents one 
of the most effective means of prevention of aerial disease trans-
mission. They suggested restricting the number of tourists to eight 
per habituated gorilla group each day, and the visitation time to 1 hr 
maximum in order to minimise adverse effects on gorillas.

Although the reasons behind these regulations are widely un-
derstood, their implementation is still sometimes lacking (Otsuka & 
Yamakoshi, 2020). Unfortunately, the above-mentioned studies fo-
cusing on distance are limited geographically to one national park in 
Uganda, one of three mountain gorilla range countries, and limited 
in time by the length of the respective data collection periods in the 
field. Here we use data available online on the social networking site 
Instagram, a platform based on photograph publication, to investi-
gate the implementation of the 7 m rule between tourists and goril-
las. While we expect the rule to be broken, our research was further 
directed by the following set of questions: How does the rule ad-
herence varies geographically and temporally? What are the differ-
ent factors affecting the proximity of tourists to the photographed 
gorillas? And what are the risks associated with the encounters de-
picted in online publications? To answer these questions, we first 
explore and describe the prevalence of proximity in gorilla trekking 

photographs. Then, we analyse the situations depicted in relation to 
their context. Finally, we highlight the related risks and propose a 
course of actions to mitigate them. We present a new angle on the 
problematic issue of proximity in gorilla trekking practices and the 
potential for anthroponotic disease transmission that is ultimately 
threatening their welfare.

2  | METHODS

2.1 | Data collection

To gather photographs from Instagram, we systematically used 
the search terms #gorillatrekking and #gorillatracking, which to-
gether resulted in over 18,000 photographs published between 
2 December 2012 and 14 October 2019. These hashtags were 
selected after an initial search on Instagram, showing these to be 
the most frequently used and providing most relevant photographs 
(i.e. excluding gorillas in zoos and gorillas art). From this initial pho-
tographic database, ordered chronologically based on publication 
date, we selected all the photographs where at least one gorilla and 
one tourist were visible. It is common to post the so-called throw-
back photographs, whereby the hashtag #tbt is used, but none were 
recorded in our study. When several photographs were published 
by the same person, we selected the first photograph that was up-
loaded, and we consider this to be representative of that person's 
experience. In the cases where multiple persons were present in the 
frame, we chose the person closest to any gorilla. We focused on 
the distance between mountain gorillas and tourists. Accordingly, 
photographs showing researchers and gorillas, or western lowland 
gorillas G. g. gorilla and eastern lowland gorillas G. b. graueri and 
people, were discarded.

We recorded the country where the gorillas were visited—using 
the Instagram geo-tag or the post's description. We distinguished 
immature (sexually immature individuals) and adults (including adult 
females, blackbacks and silverbacks; Robbins,  2007). Infants were 
normally photographed with their mothers and were not indepen-
dent, thus we estimated the distance of the tourist to the mother 
rather than the infant. Additionally, we noted the sex of tourists and 
the presence or absence of them wearing facial masks.

Parallel with their rising popularity among users, social network-
ing sites are becoming more common in tourism and conservation 
research (Barry,  2014; Barve,  2014; Liang et  al.,  2020; Tenkanen 
et al., 2017). When conducting research using open data on social 
media pages, the privacy of users can be a concern (Highfield & 
Leaver,  2015). Indeed, although people acknowledge operating in 
public, they hold ambiguous perceptions of privacy and how their 
information can be used (Markham & Buchanan, 2012). For ethical 
reasons, we only analysed photographs shared publicly. Instagram 
provides a clear opportunity to choose between public and pri-
vate accounts (Zimmer & Proferes,  2014). Moreover, we anony-
mised the data and retained no personal information (Lomborg & 
Bechmann, 2014; Zook et al., 2017).
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2.2 | Estimating distance

In each photograph, we recorded the distance between the closest 
human and mountain gorilla (estimated in meters). Following recom-
mendations from Narat et al.  (2017) who demonstrated terminol-
ogy inconsistencies across the zoonoses literature, we use the term 
‘contact’ in this article when referring to those instances where 
clear physical contacts between human and gorillas were occurring. 
Particular attention was given to photographs with a shallow depth 
of field to examine carefully the areas out of focus. We calculated 
a strong inter-observer reliability by comparing the estimates of 
two authors on a subset of the photographs (N = 336) (Pearson's 
R = 0.869, p < 0.00001). The remaining photographs were then as-
sessed by one of the authors. The reliability was high considering 
89% of the estimates were identical or within 1 m, only 2% showed 
a difference over 2  m. The photographs whose estimations were 
not agreed on in the first round (i.e. those where the estimates dif-
fered 2 m or more) were reviewed with an additional author until 
consensus was achieved. While this approach remains susceptible 
to estimation error, we consider it fits the general objective of this 
study.

2.3 | Data analysis

We performed a generalised linear mixed model (GLMM) to test 
whether the distance between the tourist and the wild gorillas on the 
photographs was influenced by the gorilla age class (immature/adult), 
the sex of the tourist (woman/man), the use of masks (yes/no), the 
country where the encounter took place and the year of the record 
based on the posting date. To account for the difference in sample 
size (number of pictures posted) over the year, we included month as 
a mixed factor.

We tested models with all possible combinations among the 
recorded variables, a null model (no effect of predictor variables) 
and the interaction between the variables ‘age of the closest 
gorilla’ and ‘the sex of the closest tourist’. For testing the fam-
ily of distribution that would better fit our response variable, we 
considered families appropriate for discrete values that included 
zero, for situations when the visitor was touching the closest go-
rilla (e.g. normal, zero-adjusted inverse Gaussian, zero-adjusted 
Gamma, zero-adjusted Poisson, generalised t and the negative 
binomial distribution). Finally, we selected the family of distribu-
tion and the best model based on the Akaike information criteria 
(AIC) for generalised models. We considered models with good 
support all models with ΔAIC values smaller than 2 in relation to 
the model with the smallest AIC (best-ranked model) (Burnham 
& Anderson,  2004). Zero-adjusted Gamma was the best-fitted 
family of distribution. We tested for multicollinearity among the 
variables using the variance inflation factor (VIF). All variables 
presented VIF equal or lower than 2.5, which indicates absence 
of collinearity and allows its inclusion in the same generalised 
model (Belsley et  al.,  1980). We ran statistical analyses using  

R 3.6.3 (http://www.R-proje​ct.org/). We used the R-packages 
car for testing multicollinearity, gamlss for running the GLMM 
and ggplot2 for plotting the graphs. We considered statistically 
significant effects in the models when p < 0.05.

3  | RESULTS

Based on the hashtags #gorillatrekking and #gorillatracking, we ob-
tained 858 photographs of humans in shot with mountain gorillas, 
excluding those with gorillas or humans only as we aimed to inves-
tigate the adherence by tourists to the 7 m rule. 52% were taken 
in Uganda (i.e. Bwindi Impenetrable Forest NP, Mgahinga NP), 41% 
in Rwanda (Volcanoes NP) and 5% in DRC (Virunga NP; Table  1). 
Most photographs illustrated situations where the 7 m rule was not 
respected: 86% portrayed tourist within 4 m distance from the go-
rillas. Only an approximate 3% of the photographs showed tourists 
at the recommended distance of 7  m or more. On 25 occasions, 
a human–gorilla contact was depicted in the sampled photograph 
(Table 1). The overall average distance was 2.94 m (±1.7), ranging 
from physical contact to 12 m. The majority of photographs taken 
in DRC (65%) showed people wearing face masks, contrasting with 
Uganda and Rwanda where we observed no face masks in the pho-
tographs. Women were closer to gorillas in 68% of the photographs 
than men.

The distance between the human and the nearest gorilla was sig-
nificantly influenced by the age of the gorilla, the sex of the tourist 
and the country where the visit took place (Figure 1, Table 2). People 
got significantly closer to immature gorillas than to adult gorillas 
(means of 2.9 ± 1.3 m and 3.2 ± 1.4 m, respectively); the minimum 
distance between humans and immature gorillas was larger than 
that between humans and adult gorillas (Figure  1a). Women were 
photographed on average 1 m closer to immature gorillas than men 
(Figure 1a, Table 2). No such difference was found between men and 

TA B L E  1   Categorisation of the Instagram posts depicting 
an encounter with wild mountain gorillas based on the distance 
between the tourists and the closest gorilla (into four classes), on 
the location (Uganda, Rwanda, DRC), and on the age group of the 
closest gorilla (immature or adult)

Gorilla-tourist 
distance

Physical 
contact 1–4 m 5–6 m ≥7 m Total

Location

Uganda 13 373 46 16 448

Rwanda 11 286 41 10 348

DRC 1 34 3 2 40

Unknown 0 19 3 0 22

Gorilla age group

Adult 13 541 86 21 664

Immature 12 164 7 4 187

Ambiguous 0 7 0 0 7

Total 25 712 93 25 858

http://www.R-project.org/


     |  329People and NatureVAN HAMME et al.

women for adult gorillas. Tourists posting photographs from visiting 
Rwanda tended to get on average 0.6 m closer to gorillas than tour-
ists visiting DRC (2.8 ± 1.6, 3.1 ± 1.5 and 3.4 ± 1.6 m for Rwanda, 
Uganda and DRC, respectively) (Figure  1b, Table  2). The distance 
between the human tourists and the gorillas has diminished by 
0.8 m over the last 7 years (Figure 1c, Table 2). In 2012, the average 

distance was estimated as 3.6  m while the average distance esti-
mated in 2019 was 2.8 m.

The number of photographs varied among months, with the ma-
jority being posted in September (n = 115), followed by July (93), June 
(77), February (72), October (72) and August (71) (Figure  2a). The 
distance between tourists and gorillas did not change substantially 

F I G U R E  1   Average distance between 
tourists and wild mountain gorillas 
according to the age of the gorilla, sex of 
the tourist, and country and year of the 
visit. The shaded area in figures (a) and (b) 
represents the 25%–75% interquartile and 
the solid black line the median while the 
shaded area in figure (c) represents the 
95% confidence interval

Best-fit modela 

Estimate SE t value p value
ΔAIC 
(ΔAICnull)

c 
Response 
variable

Predictor 
variablesb 

Distance from 
the closest 
animal

(Intercept) 214.7 79.21 2.7 0.006 2.62 (52.6)

Age of gorilla: 
Immature

−0.81 0.13 −6.2 1 × 10−9*

Year −0.15 0.04 −2.7 0.008*

Country: Rwanda −0.68 0.28 −2.4 0.01*

Country: Uganda −0.40 0.28 −1.4 0.15

Age of gorilla ×  
Sex of tourist

0.52 0.26 2.0 0.046*

Sex of tourist: 
Male

−0.20 0.13 −1.5 0.12

aThe family of distribution used was Zero-adjusted Gamma and the link function was identity. 
bReference classes: adult for age of gorilla, DRC for country and female for sex of tourists. 
cΔAIC is the difference between the AIC of the best model and the second-best ranked model and 
ΔAICnull is the difference between the AIC of the selected model and the AIC of the null model. 
*p < 0.05. 

F I G U R E  2   Number of photographs 
posted on Instagram depicting tourists 
and gorillas (a) and the average distance 
between tourists and gorillas (b) per 
month (n = 846)

TA B L E  2   Details of the best-fit 
generalised linear mixed model for the 
distance between humans and the closest 
gorilla Gorilla b. beringei in Instagram 
photographs according to the age of 
gorillas, year of the record, country and 
sex of the tourist
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between months, but lower average distance between tourists and 
wild gorillas was found in February (2.7 m) followed by December 
and June (2.8) (Figure 2b).

4  | DISCUSSION

Gorilla trekking is becoming increasingly popular (Bizimungu, 2019; 
Butera, 2020). While this may show a growing desire in the human 
population to reconnect with nature and wild animals, the parallel 
increase in proximity over time between tourists and gorillas pre-
sents great risks for the species' survival. Not only do our results 
support previous research conducted in Bwindi Impenetrable Forest 
NP (Hanes, 2012; Hanes et al., 2018; Sandbrook & Semple, 2006; 
Weber et al., 2020), but they also bring new insights regarding other 
sites where gorilla trekking is offered and an examination of how 
interactions between humans and gorillas has evolved in the last 
7  years. We have characterised the interactions of wild mountain 
gorillas and the tourists visiting them as depicted in Instagram pho-
tographs, with a particular attention to proximity, and analysed the 
factors affecting this proximity. The results reveal that (a) the large 
majority of photographs analysed presented humans and gorillas 
within 4 m of each other, (b) tourists and immature gorillas tend to 
get closer to each other than tourists and adult gorillas, and this is 
more pronounced in female tourists than male tourists and (c) the 
overall distance has decreased over the last 7 years.

The relation between gorilla age class and distance may con-
firm the idea of immature gorillas being more curious, and more 
likely to approach and initiate contact with people (Sandbrook & 
Semple, 2006). Yet, it could also be a sign that most tourists, ideal-
ising the cuteness of immature gorillas, are less afraid to approach 
them as opposed to their dangerous-looking, adult counterparts. 
This aspect of the results is not reassuring when we consider that the 
risk of disease transmission is inversely correlated with the gorillas' 
immune maturity (Homsy, 1999).

The number of Instagram photographs related to gorilla trekking 
in DRC is lower compared to Rwanda and Uganda, indicating the 
prominent role Uganda and Rwanda play in the gorilla trekking in-
dustry. This difference can be partly explained by the long-lasting 
social and political unrest in the region, and more recently the secu-
rity incident (i.e. the death of a ranger and abduction of two British 
tourists in the national park) that forced the Virunga NP's authori-
ties to close its access to tourists from May 2018 to February 2019. 
Nonetheless, DRC is the country where the distance with gorillas 
is the most respected, and the percentage of their gorilla trekking 
tourists wearing face masks implies that their 2009 regulation on 
compulsory masks is enforced, making them a model to follow in this 
matter (Weber et al., 2020).

Surgical face masks are known to decrease the risk of aerial dis-
ease transmission (Feng et al., 2020; Gilardi et al., 2015). They should 
be made compulsory for every person visiting mountain gorillas and 
other great apes. With the more widespread acceptance of face mask 
wearing due to the Covid-19 pandemic, we are confident that this 

measure in isolation will not negatively affect tourist numbers or the 
tourist experience. Reflecting the current situation in DRC, where tour-
ists visiting mountain gorillas are accepting face masks without prob-
lems, researchers also found that the majority of their respondents 
would be willing to wear face masks to prevent disease transmission 
to gorillas (Hanes et al., 2018; Weber et al., 2020). The one potential 
downside of compulsory face masks is that this may lead to an even 
lower adherence to the 7 m rule. However, the Covid-19 pandemic 
has made wearing masks and social distancing more widespread and 
more acceptable and during the pandemic wearing face masks when 
visiting mountain gorillas has been made mandatory also in Rwanda 
and Uganda (Richardson, 2021). It would be a missed opportunity to 
not use this momentum to continue to promote the use of facemasks 
and appropriate distancing when visiting mountain gorillas and indeed 
other great apes. Furthermore, we believe these undesirable effects 
could be avoided by working simultaneously on the implementation 
of compulsory face masks and the 7 m rule, in parallel with awareness 
raising efforts concerning anthroponotic disease transmission.

The various forms of anthroponosis made possible by the close 
proximity in our sample highlight the extent of risks created by the 
situations depicted on Instagram. Airborne infections may be trans-
mitted through natural breathing, speaking, coughing and sneezing 
(Yan et al., 2018). While some of the responsible particles can travel 
long distances (Tellier et  al.,  2019) or remain suspended in the air 
for several hours (Centers for Disease Control & Prevention, 2014). 
Studies have demonstrated that large droplets—for example, the 
ones carrying disease causing agents—can travel over 6  m when 
expelled through a sneeze, 2 m from a cough and up to 1 m when 
breathing (Bourouiba, 2020; Xie et al., 2007). These results were ob-
tained from tests in an indoor environment and are thus subject to 
variation, with outside wind. Hypothetically, this means that at least 
96% of the depicted encounters in our study presented serious risk 
of disease transmission, would sneezing occur.

The above potential for anthroponotic disease transmission is 
dependent on tourists' behaviour. This behaviour, in turn, cannot 
be explored with the use of Instagram photographs alone. Glasser 
(2019), in a neighbouring chimpanzee Pan troglodytes tourism site 
in Uganda's Kibale NP, revealed that, far from being rare, human 
sneezing occurred in 65% of the observed encounters with wild 
chimpanzees. In addition, the 25 tourists in our sample that are pho-
tographed in direct contact with a wild gorilla could transmit dis-
ease by the sole act of breathing. That is still without considering 
the risk of numerous other infectious agents that can be transmitted 
through deposit on fomites. Some of which can remain infective for 
up to 6 hr after leaving their source (Nardell, 2015). Tourists may still 
go visit wild mountain gorillas if they feel sick, Hanes et al. (2018) re-
ported 51% of their respondents said they would. Measures should 
thus be taken around the factors we can have an effect on, including 
proximity during visits.

The low number of photographs showing both people and goril-
las with a large enough distance (>7 m) between them is not surpris-
ing given that it certainly is less spectacular and thus less likely to be 
posted on Instagram. At the same time, it is not always possible to 
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take a photograph on the spot, and thus the Instagram posts conse-
quently may not always show the closest proximity of an encounter. 
In this study, we focus on the two most commonly used Instagram 
hashtags in relation to gorilla trekking tourism. Our data represent 
a subset of all Instagram posts relating to gorilla trekking and our 
results are not intended to be generalised to all gorilla trekking 
practices, but rather demonstrate that unsustainable practices do 
happen frequently. While gorillas may sometimes be the initiators 
of close proximity, maintaining a 7 m distance will give more time to 
react and thus avoid potentially harmful situations. Keeping an ap-
propriate distance will also help to reduce over-habituation (Macfie 
& Williamson, 2010; Strier, 2010), which can potentially lead to con-
flicts in an environment encroached by people (Goldsmith, 2014).

When using social media data for research, interpretation of the 
results should be made cautiously considering the bias resulting from 
the self-selective users, meaning the sample will not be represen-
tative of the whole population but rather of the user-community 
(Longley et al., 2015; Tufekci, 2014). When compared to official data 
and other platforms, Instagram has been confirmed as a reliable 
source for monitoring tourists' activities in protected areas (Di Minin 
et al., 2015; Tenkanen et al., 2017). Furthermore, the use of social 
media data is particularly suitable for this study considering that (a) 
we are interested in the occurrence of close proximities during gorilla 
trekking rather than in the characteristics of the people engaged in 
the activity and (b) we aimed at cross-validating previous studies on 
the subject.

Unveiling what may therefore be common practices in wildlife ec-
otourism and highlighting the plethora of risks associated with those, 
our results show the paradoxical nature of endangering the very an-
imals we wish to see thrive. There is a real gap between the raising 
public concerns for the species' survival, and the proximity depicted 
in the photographs. Only a substantial lack of information can ex-
plain this gap without questioning the veracity of people's concerns 
for conservation. It has been demonstrated that tourists are not the 
best assessors of the animal welfare and conservation impacts of their 
activities (Moorhouse et al., 2015). Examples of unsustainable prac-
tices and their impact are numerous in the industry: over 90% of the 
wildlife attractions in the Amazon allow problematic direct contact 
with animals (D'Cruze et al., 2017) and Meissner et al. (2015) demon-
strated that viewing boats in New Zealand are affecting the feeding 
patterns of common dolphins; tourists visiting penguins can disrupt a 
whole colony's activity, and negatively impact the juveniles' survival 
(Ellenberg, 2017; McClung et al., 2004). A paradigm shift replacing the 
animals' interests before profit maximisation in wildlife ecotourism is 
crucial for both the industry and the wildlife species in question.

This situation also forces us to question our use of and the im-
pacts of social media, particularly in relation to wildlife, where it 
can be seen as a double-edge sword (Kitson & Nekaris, 2020; Liang 
et al., 2020; Osterberg & Nekaris, 2015). Although this use promotes 
conservation awareness, it also pushes us to get closer to wildlife to 
get the perfect shot, normalising abnormally close distances to wild 
animals (Lenzi et  al.,  2020; Pagel et  al.,  2020). Social media could 
be used to raise public awareness; not only regarding the potential 

effects of unsustainable ecotourism but also concerning the effects 
of our choices when uploading content on social networking sites. 
Used in this way, it could actually help put a brake on what Otsuka 
and Yamakoshi (2020) call ‘the negative spiral’, referring to the way 
social media content portraying close interactions with gorillas influ-
ences other people into expecting and willing to attain such proxim-
ity, which they will, in turn, advertise on social media after their visit. 
Social media platforms are, by essence, spaces of moral reflexivity 
where people form and adapt what they perceive as ethical.

The findings of our study have broad implications that are 
relevant for the management of wildlife ecotourism attractions 
and the related policymaking. We draw attention to the urgent 
need for (a) stricter regulations relating to the distance between 
wildlife and tourists, (b) a continual enforcement of those rules, 
(c) an enhanced awareness campaign for tourists and social media 
users and (d) and a reinforced training for guides and rangers on 
strategies to deal with proximity between visitors and gorillas, 
mitigate the impacts of gorilla trekking and sensitise visitors to an-
throponotic diseases risks. Although it is believed policy measures 
to ensure more sustainable practices can be adopted without af-
fecting the experience of tourists (Muntifering et al., 2019), they 
need to be implemented carefully in view of the essential source 
of revenue gorilla trekking represents for both the local economy 
and the conservation efforts. While it plays an important part in 
wildlife viewing experiences (Curtin, 2010), physical proximity is 
not the only factor of tourists' satisfaction when viewing wildlife 
(Orams,  2000). Tourists visiting mountain gorillas are willing to 
adopt new safety protocols if the impact of such measures is ex-
plained to them (Hanes et al., 2018; Weber et al., 2020). Indeed, it 
has been demonstrated that tourists are more likely to comply with 
regulations if they are thoroughly informed on the risks they may 
pose to the animals' health and conservation (Hanes et al., 2018). 
Rethinking the information provided to tourists before viewing 
wild animals and the awareness campaign efforts is therefore vital 
to mitigate its negative impacts. If we fail to address this issue 
in the near future, this form of ecotourism might turn into one 
of the main threats to the remaining wildlife populations' survival 
and untimely ruin its potential for positive socioeconomic impacts.

ACKNOWLEDG EMENTS
T.Q.M. is supported by the Christensen Conservation Leaders 
Scholarship (WCS Graduate Scholarship Program); Sidney Byers 
Scholarship award (Wildlife Conservation Network Scholarship 
Program) and Funds for Women Graduates (British Federation of 
Women Graduates).

CONFLIC TS OF INTERE S T
No conflicts of interest to declare.

AUTHORS'  CONTRIBUTIONS
G.V.H., M.S.S. and V.N. conceived the ideas and designed the meth-
odology; G.V.H. and M.S.S. collected the data; G.V.H., T.Q.M. and 
V.N. analysed the data; G.V.H. and M.S.S. led the writing of the 



332  |    People and Nature VAN HAMME et al.

manuscript. All authors contributed critically to the drafts and gave 
final approval for publication.

DATA AVAIL ABILIT Y S TATEMENT
Data are archived on RADAR, the Oxford Brookes University open 
access data repository, via this link: https://doi.org/10.24384/​t3zb-
qz22 (Van Hamme et al., 2021).

ORCID
Gaspard Van Hamme   https://orcid.org/0000-0001-9412-1142 
Magdalena S. Svensson   https://orcid.org/0000-0002-6149-0192 
Thais Q. Morcatty   https://orcid.org/0000-0002-3095-7052 
K. Anne-Isola Nekaris   https://orcid.org/0000-0001-5523-7353 
Vincent Nijman   https://orcid.org/0000-0002-5600-4276 

R E FE R E N C E S
Barry, S. J. (2014). Using social media to discover public values, interests, 

and perceptions about cattle grazing on park lands. Environmental 
Management, 53(2), 454–464. https://doi.org/10.1007/s0026​7-013-  
0216-4

Barve, V. (2014). Discovering and developing primary biodiversity data 
from social networking sites: A novel approach. Ecological Informatics, 
24, 194–199. https://doi.org/10.1016/j.ecoinf.2014.08.008

Belsley, D. A., Kuh, E., & Welsch, R. E. (1980). Regression diagnostics: 
Identifying influential data and sources of collinearity. John Wiley.

Bizimungu, J. (2019). Revenue from gorilla tourism grows by 25%. The New 
Times. Retreived from https://www.newti​mes.co.rw/news/reven​ue-  
goril​la-touri​sm-grows​-25

Bourouiba, L. (2020). Turbulent gas clouds and respiratory pathogen emis-
sions: Potential implications for reducing transmission of Covid-19. 
Jama Insights, 323(18), 1837–1838. https://doi.org/10.1001/jama.  
2020.4756

Buitendijk, H., Fagrouch, Z., Niphuis, H., Bogers, W. M., Warren, K. S., & 
Verschoor, E. J. (2014). Retrospective serology study of respiratory 
virus infections in captive great apes. Viruses, 6, 1442–1453. https://
doi.org/10.3390/v6031442

Burnham, K. P., & Anderson, D. R. (2004). Multimodel inference: 
Understanding AIC and BIC in model selection. Sociological Methods 
& Research, 33(2), 261–304. https://doi.org/10.1177/00491​24104​
268644

Butera, S. (2020). Rwanda 2019 Tourism revenue up 17%, boosted by 
gorilla trekking. Bloomberg. Retrieved from https://www.bloom​berg.
com/news/artic​les/2020-07-31/rwand​a-2019-touri​sm-reven​ue-up- 
17-boost​ed-by-goril​la-trekking

Carder, G., Plese, T., Machado, F., Paterson, S., Matthews, N., McAnea, L., 
& D'Cruze, N. (2018). The impact of ‘selfie’ tourism on the behaviour 
and welfare of brown-throated three-toed sloths. Animals, 8(11), 216. 
https://doi.org/10.3390/ani81​10216

Centers for Disease Control and Prevention. (2014). Transmission and 
pathogenesis of tuberculosis. Core curriculum on tuberculosis: what the 
clinician should know. Retrieved from http://www.cdc.gov/tb/educa​
tion/corec​urr/pdf/chapt​er2.pdf

Cong, L., Wu, B., Morrison, A. M., Shu, H., & Wang, M. (2014). Analysis 
of wildlife tourism experiences with endangered species: An ex-
ploratory study of encounters with giant pandas in Chengdu, China. 
Tourism Management, 40, 300–310. https://doi.org/10.1016/j.tourm​
an.2013.07.005

Cranfield, M. R. (2008). Mountain gorilla research: The risk of disease 
transmission relative to the benefit from the perspective of ecosys-
tem health. American Journal of Primatology, 70(8), 751–754. https://
doi.org/10.1002/ajp.20564

Curtin, S. (2010). What makes for memorable wildlife encounters? 
Revelations from ‘serious’ wildlife tourists. Journal of Ecotourism, 9(2), 
149–168. https://doi.org/10.1080/14724​04090​3071969

D'Cruze, N., Machado, F. C., Matthews, N., Balaskas, M., Carder, G., 
Richardson, V., & Vieto, R. (2017). A review of wildlife ecotour-
ism in Manaus, Brazil. Nature Conservation, 22, 1–16. https://doi.
org/10.3897/natur​econs​ervat​ion.22.17369

Devaux, C. A., Mediannikov, O., Medkour, H., & Raoult, D. (2019). 
Infectious disease risk across the growing human-non human pri-
mate interface: A review of the evidence. Frontiers in Public Health, 7, 
305. https://doi.org/10.3389/fpubh.2019.00305

Di Minin, E., Tenkanen, H., & Toivonen, T. (2015). Prospects and chal-
lenges for social media data in conservation science. Frontiers in 
Environmental Science, 3, 1–6. https://doi.org/10.3389/fenvs.2015.  
00063

Dunay, E., Apakupakul, K., Leard, S., Palmer, J. L., & Deem, S. L. (2018). 
Pathogen transmission from humans to great apes is a growing threat 
to primate conservation. EcoHealth, 15(1), 148–162. https://doi.org/  
10.1007/s1039​3-017-1306-1

Ellenberg, U. (2017). Impacts of penguin tourism. In D. T. Blumstein, D. T. 
Blumstein, B. Geffroy, D. S. M. Samia, & E. Bessa (Eds.), Ecotourism's 
promise and peril – A biological evaluation (pp. 117–132). Springer 
International.

Feng, S., Shen, C., Xia, N., Song, W., Fan, M., & Cowling, B. J. (2020). 
Rational use of face masks in the Covid-19 pandemic. The Lancet 
Respiratory Medicine, 8(5), 434–436. https://doi.org/10.1016/S2213​
-2600(20)30134​-X

Gibbons, A. (2021). Captive gorillas test positive for coronavirus. Science, 
https://doi.org/10.1126/scien​ce.abg5458

Gilardi, K. V., Gillespie, T. R., Leendertz, F. H., Macfie, E. J., Travis, D. A., 
Whittier, C. A., & Williamson, E. A. (2015). Best practice guidelines for 
health monitoring and disease control in great ape populations. IUCN 
SSC Primate Specialist Group.

Gillespie, T. R., & Leendertz, F. H. (2020). Covid-19: Protect great apes 
during human pandemics. Nature, 579, 497. https://doi.org/10.1038/
d4158​6-020-00859​-y

Glasser, D. (2019). Observation of visitors at a chimpanzee (Pan troglo-
dytes schweinfurthii) ecotourism site reveals opportunity for multiple 
modes of pathogen transmission (MA thesis). The City University of 
New York.

Goldsmith, M. L. (2014). Mountain gorilla tourism as a conservation tool: 
Have we tipped the balance? In A. E. Russon & J. Wallis (Eds.), Primate 
tourism: A tool for conservation? (pp. 177–198). Cambridge University 
Press.

Graczyk, T. K., Mudakikwa, A. B., Cranfield, M. R., & Eilenberger, 
U. (2001). Hyperkeratotic mange caused by Sarcoptes scabiei 
(Acariformes: Sarcoptidae) in juvenile human-habituated mountain 
gorillas (Gorilla gorilla beringei). Parasitology Research, 87, 1024–1028. 
https://doi.org/10.1007/s0043​60100489

Grützmacher, K., Keil, V., Leinert, V., Leguillon, F., Henlin, A., Couacy-
Hymann, E., Köndgen, S., Lang, A., Deschner, T., Wittig, R. M., & 
Leendertz, F. H. (2018). Human quarantine: Toward reducing infec-
tious pressure on chimpanzees at the Taï Chimpanzee Project, Côte 
d'ivoire. American Journal of Primatology, 80(1), e22619.

Hacia, J. G. (2001). Genome of the apes. Trends in Genetics, 17(11), 637–
645. https://doi.org/10.1016/S0168​-9525(01)02494​-5

Hanes, A. (2012). The 7-metre gorilla tracking regulation. Gorilla Journal, 
44(1), 18.

Hanes, A. C., Kalema-zikusoka, G., Svensson, M. S., & Hill, C. M. (2018). 
Assessment of health risks posed by tourists visiting mountain 
gorillas in Bwindi Impenetrable National Park, Uganda. Primate 
Conservation, 32, 123–132.

Hasanah Abd Mutalib, A. (2018). The photo frenzy phenomenon: How a 
single snap can affect wildlife populations. Biodiversity, 19, 237–239. 
https://doi.org/10.1080/14888​386.2018.1544931

https://doi.org/10.24384/t3zb-qz22
https://doi.org/10.24384/t3zb-qz22
https://orcid.org/0000-0001-9412-1142
https://orcid.org/0000-0001-9412-1142
https://orcid.org/0000-0002-6149-0192
https://orcid.org/0000-0002-6149-0192
https://orcid.org/0000-0002-3095-7052
https://orcid.org/0000-0002-3095-7052
https://orcid.org/0000-0001-5523-7353
https://orcid.org/0000-0001-5523-7353
https://orcid.org/0000-0002-5600-4276
https://orcid.org/0000-0002-5600-4276
https://doi.org/10.1007/s00267-013-0216-4
https://doi.org/10.1007/s00267-013-0216-4
https://doi.org/10.1016/j.ecoinf.2014.08.008
https://www.newtimes.co.rw/news/revenue-gorilla-tourism-grows-25
https://www.newtimes.co.rw/news/revenue-gorilla-tourism-grows-25
https://doi.org/10.1001/jama.2020.4756
https://doi.org/10.1001/jama.2020.4756
https://doi.org/10.3390/v6031442
https://doi.org/10.3390/v6031442
https://doi.org/10.1177/0049124104268644
https://doi.org/10.1177/0049124104268644
https://www.bloomberg.com/news/articles/2020-07-31/rwanda-2019-tourism-revenue-up-17-boosted-by-gorilla-trekking
https://www.bloomberg.com/news/articles/2020-07-31/rwanda-2019-tourism-revenue-up-17-boosted-by-gorilla-trekking
https://www.bloomberg.com/news/articles/2020-07-31/rwanda-2019-tourism-revenue-up-17-boosted-by-gorilla-trekking
https://doi.org/10.3390/ani8110216
http://www.cdc.gov/tb/education/corecurr/pdf/chapter2.pdf
http://www.cdc.gov/tb/education/corecurr/pdf/chapter2.pdf
https://doi.org/10.1016/j.tourman.2013.07.005
https://doi.org/10.1016/j.tourman.2013.07.005
https://doi.org/10.1002/ajp.20564
https://doi.org/10.1002/ajp.20564
https://doi.org/10.1080/14724040903071969
https://doi.org/10.3897/natureconservation.22.17369
https://doi.org/10.3897/natureconservation.22.17369
https://doi.org/10.3389/fpubh.2019.00305
https://doi.org/10.3389/fenvs.2015.00063
https://doi.org/10.3389/fenvs.2015.00063
https://doi.org/10.1007/s10393-017-1306-1
https://doi.org/10.1007/s10393-017-1306-1
https://doi.org/10.1016/S2213-2600(20)30134-X
https://doi.org/10.1016/S2213-2600(20)30134-X
https://doi.org/10.1126/science.abg5458
https://doi.org/10.1038/d41586-020-00859-y
https://doi.org/10.1038/d41586-020-00859-y
https://doi.org/10.1007/s004360100489
https://doi.org/10.1016/S0168-9525(01)02494-5
https://doi.org/10.1080/14888386.2018.1544931


     |  333People and NatureVAN HAMME et al.

Highfield, T., & Leaver, T. (2015). A methodology for mapping Instagram 
hashtags. First Monday, 20(1), 1–11.

Hill, K., Boesch, C., Goodall, J., Pusey, A., Williams, J., & Wrangham, R. 
(2001). Mortality rates among wild chimpanzees. Journal of Human 
Evolution, 40(5), 437–450. https://doi.org/10.1006/jhev.2001.0469

Homsy, J. (1999). Tourism, great apes and human diseases. A critical analysis 
of the rules governing park management and tourism for the wild moun-
tain gorilla. Report of a consultation for the International Program of 
the Conservation of Gorillas (PICG).

Kalema-Zikusoka, G., Kock, R. A., & Macfie, E. J. (2002). Scabies in 
free-ranging mountain gorillas (Gorilla beringei beringei) in Bwindi 
Impenetrable National Park, Uganda. Veterinary Record, 150(1), 
12–15. https://doi.org/10.1136/vr.150.1.12

Kitson, H., & Nekaris, K. A. I. (2020). Slow lorises (Nycticebus spp.) as 
photo props on Instagram. In K. A. I. Nekaris & A. M. Burrows (Eds.), 
Evolution, ecology and conservation of lorises and pottos (pp. 374–380). 
Cambridge University Press.

Klailova, M., Hodgkinson, C., & Lee, P. C. (2010). Behavioral responses 
of one western lowland gorilla (Gorilla gorilla gorilla) group at Bai 
Hokou, Central African Republic, to tourists, researchers and track-
ers. American Journal of Primatology, 72(10), 897–906.

Köndgen, S., Kühl, H., N'Goran, P. K., Walsh, P. D., Schenk, S., Ernst, N., 
Biek, R., Formenty, P., Mätz-Rensing, K., Schweiger, B., Junglen, S., 
Ellerbrok, H., Nitsche, A., Briese, T., Lipkin, W. I., Pauli, G., Boesch, C., 
& Leendertz, F. H. (2008). Pandemic human viruses cause decline of 
endangered great apes. Current Biology, 18(4), 260–264. https://doi.
org/10.1016/j.cub.2008.01.012

Lam, S. D., Bordin, N., Waman, V. P., Scholes, H. M., Ashford, P., Sen, 
N., van Dorp, L., Rauer, C., Dawson, N. L., Pang, C. S. M., Abbasian, 
M., Sillitoe, I., Edwards, S. J. L., Fraternali, F., Lees, J. G., Santini, J. 
M., & Orengo, C. A. (2020). SARS-CoV-2 spike protein predicted 
to form complexes with host receptor protein orthologues from a 
broad range of mammals. Scientific Reports, 10, 16471. https://doi.
org/10.1038/s4159​8-020-71936​-5

Lemelin, R. H. (2006). The gawk, the glance, and the gaze: Ocular con-
sumption and polar bear tourism in Churchill, Manitoba, Canada. 
Current Issues in Tourism, 9(6), 516–534. https://doi.org/10.2167/
cit294.0

Lenzi, C., Speiran, S., & Grasso, C. (2020). ‘Let me take a selfie’: Implications 
of social media for public perceptions of wild animals. Society & 
Animals, 1, 1–20. https://doi.org/10.1163/15685​306-BJA10023

Liang, Y., Kirilenko, A. P., Stepchenkova, S. O., & Ma, S. (2020). Using 
social media to discover unwanted behaviours displayed by visitors 
to nature parks: Comparisons of nationally and privately owned 
parks in the Greater Kruger National Park, South Africa. Tourism 
Recreation Research, 45(2), 271–276. https://doi.org/10.1080/02508​
281.2019.1681720

Lomborg, S., & Bechmann, A. (2014). Using APIs for data collection 
on social media. Information Society, 30, 256–265. https://doi.
org/10.1080/01972​243.2014.915276

Longley, P. A., Adnan, M., & Lansley, G. (2015). The geotemporal demo-
graphics of twitter usage. Environment and Planning A, 47(2), 465–
484. https://doi.org/10.1068/a130122p

Macfie, E. J., & Williamson, E. A. (2010). Best practice guidelines for great 
ape tourism. IUCN/SSC Primate Specialist Group (PSG).

Markham, A., & Buchanan, E. (2012). Ethical decision-making and internet 
research recommendations from the AoIR Ethics Working Committee 
(Version 2.0). Retrieved from http://aoir.org/repor​ts/ethic​s2.pdf

McClung, M. R., Seddon, P. J., Massaro, M., & Setiawan, A. N. (2004). 
Nature-based tourism impacts on yellow-eyed penguins Megadyptes 
antipodes: Does unregulated visitor access affect fledging weight and 
juvenile survival? Biological Conservation, 119(2), 279–285. https://
doi.org/10.1016/j.biocon.2003.11.012

Meissner, A. M., Christiansen, F., Martinez, E., Pawley, M. D., Orams, M. 
B., & Stockin, K. A. (2015). Behavioural effects of tourism on oceanic 

common dolphins, Delphinus sp., in New Zealand: The effects of 
Markov analysis variations and current tour operator compliance 
with regulations. PLoS ONE, 10(1), e0116962.

Melin, A. D., Janiak, M. C., Marrone III, F., Arora, P. S., & Higham, J. P. 
(2020). Comparative ACE2 variation and primate Covid-19 risk. 
Communications Biology, 3, 641. https://doi.org/10.1038/s4200​3-020-  
01370​-w

Moorhouse, T. P., Dahlsjo, C. A., Baker, S. E., D'Cruze, N. C., & Macdonald, 
D. W. (2015). The customer isn't always right-conservation and animal  
welfare implications of the increasing demand for wildlife tourism. PLoS 
ONE, 10, e0138939. https://doi.org/10.1371/journ​al.pone.0138939

Muehlenbein, M. P. (2016). Disease and human/animal interactions. 
Annual Review of Anthropology, 45, 395–416. https://doi.org/10.1146/
annur​ev-anthr​o-10221​5-100003

Muehlenbein, M. P., & Ancrenaz, M. (2009). Minimizing pathogen trans-
mission at primate ecotourism destinations: The need for input from 
travel medicine. Journal of Travel Medicine, 16, 229–232. https://doi.
org/10.1111/j.1708-8305.2009.00346.x

Muehlenbein, M. P., Martinez, L. A., Lemke, A. A., Ambu, L., Nathan, S., 
Alsisto, S., & Sakong, R. (2010). Unhealthy travelers present challenges 
to sustainable primate ecotourism. Travel Medicine and Infectious 
Disease, 8, 169–175. https://doi.org/10.1016/j.tmaid.2010.03.004

Muehlenbein, M. P., & Wallis, J. (2014). Considering risks of pathogen 
transmission associated with primate-based tourism. In A. E. Russon 
& J. Wallis (Eds.), Primate tourism: A tool for conservation? (pp. 278–
291). Cambridge University Press.

Muntifering, J. R., Linklater, W. L., Naidoo, R., !Uri-≠Khob, S., Preez, P. 
D., Beytell, P., Jacobs, S., & Knight, A. T. (2019). Sustainable close 
encounters: Integrating tourist and animal behaviour to improve 
rhinoceros viewing protocols. Animal Conservation, 22(2), 189–197. 
https://doi.org/10.1111/acv.12454

Narat, V., Alcayna-Stevens, L., Rupp, S., & Giles-Vernick, T. (2017). Rethinking 
human-nonhuman primate contact and pathogenic disease spillover. 
EcoHealth, 14(4), 840–850. https://doi.org/10.1007/s1039​3-017-1283-4

Nardell, E. A. (2015). Transmission and institutional infection control 
of tuberculosis. Cold Spring Harbor Perspectives in Medicine, 6(2), 
a018192. https://doi.org/10.1101/cshpe​rspect.a018192

Negrey, J. D., Reddy, R. B., Scully, E. J., Phillips-Garcia, S., Owens, L. A., 
Langergraber, K. E., Mitani, J. C., Emery Thompson, M., Wrangham, 
R. W., Muller, M. N., Otali, E., Machanda, Z., Hyeroba, D., Grindle, 
K. A., Pappas, T. E., Palmenberg, A. C., Gern, J. E., & Goldberg, T. 
L. (2019). Simultaneous outbreaks of respiratory disease in wild 
chimpanzees caused by distinct viruses of human origin. Emerging 
Microbes & Infections, 8(1), 139–149. https://doi.org/10.1080/22221​
751.2018.1563456

Orams, M. B. (2000). Tourists getting close to whales, is it what whale-
watching is all about? Tourism Management, 21(6), 561–569. https://
doi.org/10.1016/S0261​-5177(00)00006​-6

Osterberg, P., & Nekaris, K. A. I. (2015). The use of animals as photo 
props to attract tourists in Thailand: A case study of the slow loris 
(Nycticebus spp.). Traffic Bulletin, 27, 13–18.

Otsuka, R., & Yamakoshi, G. (2020). Analyzing the popularity of YouTube 
videos that violate mountain gorilla tourism regulations. PLoS ONE, 
15(5), e0232085.

Pagel, C. D., Orams, M. B., & Lück, M. (2020). #BiteMe: Considering 
the potential influence of social media on in-water encounters with 
marine wildlife. Tourism in Marine Environments, 15(3–4), 249–258. 
https://doi.org/10.3727/15442​7320X​15754​93602​7058

Palacios, G., Lowenstine, L. J., Cranfield, M. R., Gilardi, K. V. K., Lukasik-
braum, M., Kinani, J., Mudakikwa, A., Nyirakaragire, E., Bussetti, 
A. V., Savji, N., Hutchison, S., Egholm, M., & Lipkin, W. I. (2011). 
Metapneumovirus infection in wild mountain gorillas. Emerging 
Infectious Diseases, 17(4), 711–714.

Patrono, L. V., Samuni, L., Corman, V. M., Nourifar, L., Röthemeier, C., 
Wittig, R. M., Drosten, C., Calvignac-Spencer, S., & Leendertz, F. H. 

https://doi.org/10.1006/jhev.2001.0469
https://doi.org/10.1136/vr.150.1.12
https://doi.org/10.1016/j.cub.2008.01.012
https://doi.org/10.1016/j.cub.2008.01.012
https://doi.org/10.1038/s41598-020-71936-5
https://doi.org/10.1038/s41598-020-71936-5
https://doi.org/10.2167/cit294.0
https://doi.org/10.2167/cit294.0
https://doi.org/10.1163/15685306-BJA10023
https://doi.org/10.1080/02508281.2019.1681720
https://doi.org/10.1080/02508281.2019.1681720
https://doi.org/10.1080/01972243.2014.915276
https://doi.org/10.1080/01972243.2014.915276
https://doi.org/10.1068/a130122p
http://aoir.org/reports/ethics2.pdf
https://doi.org/10.1016/j.biocon.2003.11.012
https://doi.org/10.1016/j.biocon.2003.11.012
https://doi.org/10.1038/s42003-020-01370-w
https://doi.org/10.1038/s42003-020-01370-w
https://doi.org/10.1371/journal.pone.0138939
https://doi.org/10.1146/annurev-anthro-102215-100003
https://doi.org/10.1146/annurev-anthro-102215-100003
https://doi.org/10.1111/j.1708-8305.2009.00346.x
https://doi.org/10.1111/j.1708-8305.2009.00346.x
https://doi.org/10.1016/j.tmaid.2010.03.004
https://doi.org/10.1111/acv.12454
https://doi.org/10.1007/s10393-017-1283-4
https://doi.org/10.1101/cshperspect.a018192
https://doi.org/10.1080/22221751.2018.1563456
https://doi.org/10.1080/22221751.2018.1563456
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.3727/154427320X15754936027058


334  |    People and Nature VAN HAMME et al.

(2018). Human coronavirus OC43 outbreak in wild chimpanzees, 
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