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Abstract

The first two decades of the 21%-century have seen the emergence of the modern citizen
science movement, increased demand for niche eco and wildlife tourism experiences, and
the willingness of people to voluntarily share information and photographs online. To varying
extents, the rapid growth of these three phenomena has been driven by the availability of
portable smart devices, access to the Web 2.0 internet from almost anywhere on the planet,
and the development of applications and services, including social media/networking sites
(SNSs). In addition, the number of peer-reviewed publications that explore how text and
images shared on SNSs can be data-mined for academic research has surged in recent
years. This systematic quantitative review has two goals. The first goal is to provide an
oversight of how the photographs that ecotourists share online are contributing to wildlife
tourism research. The second goal is to promote the emerging photovoice technique as a
theoretical context for social research based on the photographs and comments that
ecotourists share on SNSs. From the perspectives of community benefits, conservation
behaviours, and environmental education, there are many similarities between authentic
ecotourism experiences and quality ecological citizen science programs. Much of the
literature regarding the theory and practice of citizen science reports on the difficulties of
attracting, training, motivating and retaining community members. The synthesis of this
review is that crowdsourcing wildlife and tourism data from comments and photographs that
ecotourists share on SNSs is a credible method of research that provides a self-replenishing
pool of citizen scientists.

Keywords: crowdsourcing; citizen science; ecotourism; Facebook; Flickr; photo-elicitation;
Instagram; photovoice; social media; social networking sites; Twitter; wildlife conservation
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Introduction

Expanding the profile and scope of citizen science, increasing community participation, and
innovatively leveraging available technologies are common themes in the citizen science
theory and practice literature (Bonney, et al., 2009; Bonney, Cooper & Ballard 2016; Eitzel,
et al., 2017; Franzoni & Sauermann 2014; Liberatore, et al., 2018; Soleri, et al., 2016).
Access to the Web 2.0 internet, the development of portable smart devices, and the
proliferation of software applications and content for mobile computing have facilitated the
explosive growth of modern citizen science in the opening decades of the 21st-century
(Dickinson, Zuckerberg & Bonter 2010; Hampton, et al., 2011; Huertas & Marine-Roig 2015;
Nemec RudezZ & Vodeb 2015; Silvertown 2009; van Dijck 2013). Engagement; public
participation; democracy; “community empowerment”; “adoption of conservation
behaviours”; “science learning”; and sharing of knowledge and information are important
elements of modern citizen science (Bonney, et al., 2009; Bonney, Cooper & Ballard 2016:
2; Eitzel, et al., 2017; Soleri, et al., 2016).

Concurrent with the emergence of modern citizen science, the World Wide Web was created
in 1991 and then Web 2.0 emerged in the 21%-century, which supported the development
and proliferation of social media platforms such as Wikipedia - 2001; Myspace - 2003;
Facebook - 2004, Flickr - 2004; YouTube - 2005; and Twitter - 2006 (Hampton, et al., 2011;
van Dijck 2013). The academic literature now commonly refers to these social media
platforms as social networking sites (Hampton, et al., 2011; Noh, Lee & Hwang 2017).

The past two decades have also seen rapid growth in the ecotourism industry, with a
growing desire to reconnect with nature and to experience up-close and personal
interactions with iconic and charismatic wildlife being significant drivers of the industry
(Orsini & Newsome, 2013; Patroni, et al., 2017; Patroni, Simpson & Newsome 2018). Each
year, millions of people are now engaging in travel that incorporates visiting natural areas to
interact with and take photographs of wildlife (Curtin 2009; Curtin & Kragh 2014; UNWTO
2017). Authentic quality ecotourism experiences, which includes wildlife tourism, are
characterised by being nature-based, ecologically sustainable, environmentally educative,
contributing to conservation, and beneficial for local communities (Fennell 2001 & 2008;
Newsome, Moore & Dowling 2013; Weaver 2008). An increasing number of the tourists
who are seeking authentic and ecologically sustainable ecotourism are sharing their
experiences on social networking sites (SNSs) such as Facebook, Flickr, Instagram,
TripAdvisor and Twitter (Prakash, et al., 2017; Prakash, et al., 2018; Zavodna & Zavodny
Pospisil 2018).

Given the alignment between ecological citizen science and the desire of ecotourists to
share their quality ecotourism experiences online, there is much scope for engaging
ecotourists as citizen scientists. This can be achieved by collecting and analysing the
photographs and comments that tourists share on SNSs. Such an approach aligns with the
methods of citizen science. Shared photographs, especially if geotagged (Orsi & Geneletti
2013; Oteros-Rozas, et al., 2017; Senaratne, et al., 2017), along with the comments of
ecotourists, fall into the category of crowdsourced “volunteered geographic information”
citizen science data (Eitzel, et al., 2017; Sieber & Haklay 2015: 1). Correspondingly, it is
pertinent to appreciate that “photovoice”, a technique originally used in anthropology to
extract meaning from photographs, is a technique that is now being increasingly utilised in
wildlife conservation and tourism research (e g. Wang & Burris 1997: 1; Tonge, et al., 2013;
Hansen 2016; Willemen, et al., 2015).
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Because of the growing body of research that uses comments and photographs shared
online by tourists for investigating wildlife tourism situations, this review considers the mining
and analysis of this data in the context of citizen science theory and practice. Furthermore, in
exploring both the use of tourist-generated photography and photovoice techniques within
the context of wildlife research and nature-based tourism experiences, this systematic
quantitative literature review (Pickering & Byrne 2014) establishes the credibility of the
methods that underpin this novel emerging approach for crowdsourcing citizen science data.

Photography as a research method

Photography is a long-established tool in scientific research, with a strong foundation in
anthropology. The cameras ability to create a permanent visual record of a moment in time
makes it capable of achieving accurate and automatic documentation (Basil, 2011; Collier,
1957). The recorded information can then be explored beyond a literal image to also
investigate emotive and social elements. Over time, as society has become increasingly
digital and the taking of photographs has become instant, the application of this approach
has gained greater relevance and momentum in modern research (Zhang, et al., 2012). The
photo-elicitation technique epitomised this evolving application of photography in social
research. Traditionally, photo-elicitation is based on the idea of inserting a photograph into a
research interview and asking interviewees to comment on the photographs. Harper (2002)
hypothesised that the basis behind this process is that the parts of the brain involved in
processing visual information are evolutionary older than the parts involved in processing
verbal information. Harper (2002) further speculated that this causes our discussion around
images to evoke deeper elements of consciousness than through verbal inquiry alone.

The photovoice technique developed by Wang and Burris (1997) branches off from photo-
elicitation and empowers participants to engage more deeply in the process through the
requirement that photographs be participant-generated as opposed to researcher-generated.
Photovoice puts emphasis on action-orientated results (Given, et al., 2011) by giving
participants control over the selection and generation of photographs and then using the
insight drawn from this process to influence management on a particular issue (Miller, et al.,
2016). At its core, photovoice provides a process for participants to amplify their voices in
order to influence and direct change. This process is particularly useful for engaging groups
who may have difficulty articulating their views (e.g. second language learners), thereby
increasing the scope of participation (Given, et al., 2011). It is important to note, however,
that photographs alone cannot function as a data set and that discussion on and around the
images is required to establish meaning and relevance (Given, et al., 2011).

One particular aspect of this review explores the adoption of a modified application of
photovoice (Yi-Frazier, et al., 2015), incorporating the use of user-generated photographs
uploaded to online image-sharing platforms with the analysis of associated captions and
comments providing the basis for discussion. This adaptation of the photovoice method
reflects today’s modern world and the evolving nature of photography, community discussion
and social media (Yi-Frazier, et al., 2015; Zeglin & Mitchell, 2014). Rather than providing
participants with cameras and asking them to photograph a topic, this modified approach to
photovoice analyses photographs that have been taken and shared online. In doing so, this
overcomes limitations in respect to resources, funding and time (Given, et al., 2011).
Furthermore, this crowdsourcing approach provides an alternative to using directed surveys,
which can also be expensive to execute and are generally conducted on limited spatial and
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temporal scales (Barve 2014; Hausmann, et al., 2017a; Richards & Friess, 2015; Wood, et
al., 2013).

When crowdsourcing data is used in this way it can be difficult to determine the source,
particularly within a social network setting. Whilst this review article focuses on tourist-
generated photography, whereby a tourist is defined as “one who ventures away from home,
alone or in a group, to see or do something that is unusual relative to the daily round of life”
(Chalfen 1979: 437), this review also encompasses photographs generated by other groups
such as members of the general public. The broad nature of the term ‘tourist’ makes it
difficult to isolate tourists within an online setting without knowing their place of origin.
However, this limitation is largely overcome by the content of the photographs themselves.
Given that photographs taken in a national park setting or of unique/charismatic wildlife are
closely associated with a wildlife tourism experience (Newsome Moore & Dowling 2005), it is
safe to assume that a majority of these photographs are generated by people engaged in an
ecotourism experience. This view is further reinforced by Chalfen (1979) who describes the
activity of taking photographs as one of the most common tourist attributes.

Applying photovoice and tourist-generated photography to wildlife tourism research is
opportunistic in drawing on the natural willingness of tourists to take and share photographs
during a wildlife experience (Hansen 2016; Willemen, et al., 2015). Such photographs and
accompanying narratives can then be used to answer questions about wildlife tourism
experiences such as (1) ecological aspects of the target species, (2) the location of the
wildlife and (3) circumstances under which the wildlife was appreciated and how tourists felt
about the experience (Hansen 2016).

Method

Systematic literature review method

A systematic quantitative literature review of recent studies on the application of photovoice
and tourist-generated photography to wildlife tourism research was carried out using the
technique of Pickering and Byrne (2014) and Pickering, et al., (2015). This method provides
a more straightforward and systematic approach than the more traditional narrative method
and aims to ameliorate potential biases by structuring the literature collection process in a
series of defined and reproducible steps. By following the criteria of this approach in the
identification of relevant literature, this review provides a comprehensive overview of the
current peer reviewed articles.

Research articles were obtained using the Murdoch University Findit online-search tool,
which searches globally on over 100 subscribed databases, including Scopus and Web of
Science. The Findit search tool also provides access to articles that may be available
through BONUS+ or ArticleReach. The initial review parameters (Figure 1) included peer
reviewed articles from the last five years available in electronic format. This provided a
starting point for the review and, given the nature of the topic as being a relatively new field,
captured a high portion of the most relevant literature. The Findit online tool was searched in
May 2017 and again in February 2018 using multiple combinations of keywords. The terms
‘wildlife” and ‘tourism’ were searched in combination with ‘photo’ and/or ‘social media’. The
inclusion of the search term ‘photo’ was useful in not only capturing studies that utilized
photographs, but also studies that used photovoice and photo-elicitation approaches. The
reference lists from these initial articles were then cross-checked to locate additional and
older foundation publications not identified by the electronic database search. Reference
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lists of additional articles were also cross-checked until no new articles were being identified
(Figure 1).

Screening and data extraction

The keyword searches identified a total of 422 articles, which were subsequently screened
to reject articles that (1) were written in a language other than English, (2) did not
incorporate the use of photographs, (3) incorporated the use of photographs gathered and
analysed exclusively by researchers or (4) could not be applied to wildlife tourism or nature-
based tourism. Whilst the application of tourist-generated photography to wildlife tourism
research is the primary focus of this review, articles discussing nature-based tourism are
also included, due to the strong overlap in these fields of research. Newsome, Moore and
Dowling (2005 & 2013) highlight the important role that wildlife presence and observation
plays in the recreational experience of visitors to natural areas, which validates the decision
to include these articles. The decision to reject articles that used photographs gathered and
analysed exclusively by researchers was necessary to exclude the large volume of wildlife
studies that utilize techniques such as camera-trapping. Such studies were not relevant to
the topic of this review, as they did not incorporate the use of photographs generated by
tourists or members of the public. In addition, it is a requirement of the photovoice
methodology that photographs be participant-generated, further supporting the need to
exclude such studies. After the consecutive crosschecking of reference lists, 50 articles were
selected for further analysis.

Articles screened and

identified through

database search
(n=422)

Articles excluded
(n=400) because they:

Articles included
from electronic
database search

(n=22) (i) Did not incorporate

the use of
photographs;

(i) Incorporated the
use of photographs

Articles included
from cross checking
reference lists
(n=20)

Articles included from
cross checking additional
reference lists
(n=6)

Articles included from
cross checking additional
reference lists
(n=2)

Total articles
included in systematic
literature review
(n=50)

produced and analysed
exclusively by
researchers;

(iii) Could not be
applied to wildlife
tourism or nature-
based tourism; or

(iv) Were written in a
language other than
English.

Figure 1: Systematic literature review process with the number of articles that were located, retained,
and discarded shown at each stage.
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Key variables and questions to assess

The 50 selected articles were quantitatively assessed to provide a structured overview of the
published literature. Data collected from each article included publication information
(author(s) and journal), temporal and geographic information (country and continent),
whether the article was research based or a review article, target species (for ecological
studies), who was providing the photos, what type of online platform used to access
photographs, whether the study method was qualitative or quantitative, sample size (number
of photographs), sampling period, whether geotagged photographs were used and finally a
summary of the main findings of the study. It is important to note that in some cases where
researchers crowdsourced information from online platforms, the actual location of the study
site was different to the attributed location of the research(ers). Subsequently, for the
purpose of this review, location was defined as the locality of the study site. These variables,
including descriptions of relevant categories, are outlined in Table 1.

Table 1: Variables extracted from articles included in the systematic review.

Variable Description/ List of Categories Data type
Author (year) Text
Journal Text
Location of study Text
Target species Text

Focus of study Text
Eglgg)ogllergy?asken General Public, Tourists, Researchers and General Categorical

by Public, Researchers and Tour Operators

Online platform:
Dedicated vs SNS

Dedicated, SNS, Other, Dedicated and SNS,
Dedicated and Other, SNS and other, Dedicated and Categorical
SNS and Other

Wildbook, Wildbook for Whale Sharks, iNaturalist,
eBird, Pic4Turtle, TORSOOI, Waarnemingen, Whale Categorical

Name of dedicated

platform shark photo library

Flickr, Youtube, Instagram, Facebook, Vimeo, .
Name of SNS TripAdvisor, Twitter, Panoramio, LinkedIn Categorical

Wikipedia, PPGIS, OpenStreetMap, Google Earth, .
Name of other GBIF, Map of Life, NBN Categorical
Method Quantitative, Qualitative, Both Categorical
Review or Review, Research, Both Categorical
research paper
Sample size (Num. Less than 50, 50-100, 100-500, 500-1000, Cateqorical
of photos) 1000-10000, Greater than 10000 9

. Less than 1 month, 1-6 months, 6 months - 1 year, 1-2 :

Sample period Categorical

years, 2-5 years, greater than 5 years
Geotagging Were geotagged photographs used/ discussed? Yes/ No
Main findings Text
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Results

The following sections report on the results of the systematic quantitative literature review
whereby sample size (n) is expressed as the number of relevant peer reviewed articles.

Overview of research characteristics

After four iterations of the search process, a total of 50 peer reviewed articles reporting on
the application of photovoice and tourist-generated photography to wildlife tourism research
were analysed. There has been increasing academic interest in this research topic in the last
three years (Figure 2), with a total of 11 articles (22%) published in the 2016 calendar year.
Geographically, the research is spread over 20 countries (Figure 3) and 6 continents (Figure
4). The majority of these studies were from Australia (n=11; 22%) and the United States of
America (n=11; 22%). The only other countries with multiple reported studies were the
United Kingdom (n=3; 6%), South Africa (n=2, 4%) and Finland (n=2, 4%).

12

Number of Articles

Year Published

Figure 2: Number of peer reviewed articles based on photographs sourced from online platforms
published each year.
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Figure 3: Geographic distribution of study locations reported in peer reviewed articles based on
photographs sourced from online platforms by country.
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Figure 4: Geographic distribution of study locations reported in peer reviewed articles based on
photographs sourced from online platforms by continent.

Photographs were predominantly sourced from people identified as the general public (n=31;
65.96%) and then from people identified as tourists (n=13; 27.66%). Combinations of
contributors were included in cases where researcher-generated photos were also
incorporated (Figure 5). Two articles used photographs generated by the general public in
combination with researchers (4.26%) and another used photographs generated by tour
operators in combination with researchers (2.13%).

100%
80%
60%
40%
20% .
0% I —
General public Tourists General public Tour operators
& Researchers & Researchers

Source of Photographs

Proportion of Articles

Figure 5: Who generated the photographs on which the peer reviewed articles were based?

Of the 50 articles analysed, the majority were research studies (n= 40; 80%) with five articles
being exclusively review based (10%). In addition, the five research articles that featured
their own dedicated literature review section were analysed separately and these accounted
for 10% of the literature. With respect to method, 31 studies adopted a quantitative
approach (62%), ten used a qualitative approach (20%) and nine studies used a combination
of both (18%). The incorporation of geotagged photographs (with locational data stored in
the images EXIF file) was detected in 59.42% of studies that collected data from online
platforms. With respect to the types of online platforms used, 25 studies exclusively collected
data from SNSs whilst nine articles exclusively accessed photographs from a dedicated
platform (Table 2). The most commonly used SNS by studies was Flickr (n=23), followed by
Instagram (n=7) and Facebook and Twitter equally (n=6) (Table 2).

Page 8 of 25


https://doi.org/10.20944/preprints201908.0226.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 August 2019

Table 2: Range of online platforms utilised in studies to source photographs. Some articles referred to
multiple platforms and for the purpose of this table are reported as separate ‘studies’.

Dedicated Platforms — Total of 15 Articles

Platform Num. of  Authors
Studies
Wildbook for Whale 8 Araujo, et al., 2016; Arzoumanian, et al., 2005; Davies, et
Sharks al., 2012; Holmberg, et al., 2008; Holmberg, et al., 2009;
Norman 1999; Norman, et al., 2016; Pearson, et al., 2016
BeeWatch 2 Pearson, et al., 2016; van der Wal, et al., 2015
iNaturalist 2 Dickinson, et al., 2012; White, et al., 2015
Wildbook 2 Dunbar, et al., 2016; Parham 2015
Waarnemingen 1 Vantieghem, et al., 2016
Pic4Turtle 1 Dunbar, et al., 2016
eBird 1 Dickinson, et al., 2012
TORSOOI 1 Carpentier, et al., 2016
Social Networking Sites — Total of 32 Articles
Platform Num. of  Authors
Studies
Flickr 23 Araujo, et al., 2016; Barry 2014; Barve 2014; Davies, et
al., 2012; Di Minin, et al., 2015; Hausmann, et al., 2017a;
Keeler, et al., 2015; Kirkhope, et al., 2010; Levin, et al.,
2015; Levin, et al., 2017; Pearson, et al., 2016; Richards &
Friess 2015; Sessions, et al., 2016; Sonter, et al., 2016;
Stafford, et al., 2010; Straumann, et al., 2014; Tenkanen,
et al., 2017; van Zanten, et al., 2016; Walden-Schreiner
2017; Walden-Schreiner, et al., 2018; Willemen, et al.,
2015; Wood, et al., 2013; Zhang, et al., 2012
Instagram 7 Di Minin, et al., 2015; Hausmann, et al., 2017a;
Hausmann, et al., 2017b; Heikinheimo, et al., 2017;
Pearson, et al., 2016; Tenkanen, et al., 2017; van Zanten,
etal., 2016
Facebook 6 Araujo, et al., 2016; Di Minin, et al., 2015; Dickinson, et al.,
2012; Pearson, et al., 2016; Stafford, et al., 2010; White,
et al., 2015
Twitter 6 Di Minin, et al., 2015; Palomino, et al., 2016; Pearson, et
al., 2016; Roberge 2014; Tenkanen, et al., 2017; White, et
al., 2015
Youtube 3 Araujo, et al., 2016; Davies, et al., 2012; Di Minin, et al.,
2015
TripAdvisor 2 Cong, et al., 2014; Lu & Stepchenkova 2012
Vimeo 1 Araujo, et al., 2016
Panoramio 1 van Zanten, et al., 2016
LinkedIn 1 Di Minin, et al., 2015
Other Platforms — Total of 4 Articles
Platform Num. of  Authors
Studies
Wikipedia 1 Levin, et al., 2017
PPGIS 1 Levin, et al., 2017
OpenStreetMap 1 Levin, et al., 2017
Google Earth 1 Orsi & Geneletti 2013
GBIF 1 White, et al., 2015
Map of Life 1 White, et al., 2015
NBN 1 van der Wal, et al., 2015
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A separate analysis classified articles into three categories: (1) ecological studies on wildlife,
(2) social studies on people’s interactions with wildlife and natural areas or (3) incorporating
elements of both (Figure 6). The number of yearly publications across all three categories
have been shown to increase over recent years, with the majority of ecological studies
(n=14, 70%), social studies (n=24, 85.71%) and combined studies (n=2, 100%) being
published after and including 2010 (Figure 7). The analysis revealed an overall bias towards
social research studies (n=28; 56%) in the application of tourist-generated photography.
Studies from North America focused on social research, primarily relating to visitation rates
and tourist perceptions (Figure 8). In contrast, studies from Australia predominantly applied
tourist-generated photography to ecological research (on whale-sharks), with these
accounting for 63.64% (n=7) of the Australian studies. Ecological studies from Asia (which
also focused exclusively on whale sharks) represented 40% (n=2) of the total studies from
Asia (Figure 9), whilst 60.00% (n=3) were social science based. Research from Europe
showed an even distribution between social (n=6) and ecological (n=5) studies.

4.00%

= Social = Ecological Combination

Figure 6: Research focus of peer reviewed articles based on photographs sourced from online
platforms.
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Figure 7: Research focus of peer reviewed articles based on photographs sourced from online
platforms.
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Figure 8: Geographic distribution of study locations of peer reviewed articles based on photographs
sourced from online platforms by continent and focus of study. N/A represents studies without a
defined study site (typically being review articles)
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Figure 9: Geographic distribution of locations of ecological studies based on photographs sourced
from online platforms by continent and target species. N/A represents ecological studies not having a
specific target species.

Sample size of the reported studies was analysed from the perspective of both duration of
study (Figure 10) and the number of photos collected (Figure 11). The majority of studies
had data collection periods of greater than five years (45.71%), but there is evidence of a
bimodal nature for study length with 37.15% of studies running for less than one year (Figure
10). The reported studies analysed a large number of photographs (Figure 11) with a
majority (68.76%) analysing more than 1000 photographs and 84.39% of studies analysing
more than 500 photographs. The relationship between the number of collected photographs
and platform type (i.e. dedicated vs. SNS) was also analysed and revealed that studies
using SNSs typically returned larger datasets (Figure 12).
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Figure 10: Duration of the studies based on photographs sourced from online platforms as reported in
the peer reviewed articles.
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Figure 1: Frequency of sample sizes (humber of photographs) for studies based on photographs
sourced from online platforms as reported in the peer reviewed articles.
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Figure 2: Relationship between online platform (Dedicated vs SNS) and sample size (humber of
photographs) for studies based on photographs sourced from online platforms.
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Discussion

Publication trends and geographic distribution

Markwell (1997), the earliest article included in this review, provides a foundational
discussion of tourist-photography research within the context of a nature-based tour. This
review highlights how the application of tourist-generated photography has increased
steadily since that time, drawing particular interest in the last three years. This increased
usage overlaps with the recent and exponential growth of social media and the willingness of
people to share photographs via image-sharing applications and internet communities (Barry
2014). This growth mirrors the development of modern citizen science over the same time
span (Bonney, Cooper & Ballard 2016; Liberatore, et al., 2018). With the peak year for
publications being 2016, it will be compelling to observe how this trend continues to grow
over the next decade with the further evolution of Web 2.0 applications and portable smart
devices that enable people to collaborate and share information online (Levin, et al., 2015;
Orsi & Geneletti 2013).

Published studies are geographically distributed in favour of the USA, Australia and the UK.
Studies from North America demonstrated a preference towards social research on topics
such as visitation rates and tourist perceptions. Ecologically focused research in Australia
(and Asia), primarily targeted the distribution and population structure of whale-sharks using
tourist-generated photographic data. Interestingly, the three ecological studies from the UK
all investigated the use of photographs generated by the public to contribute to the
monitoring of bee populations. The limited number of published studies from South America,
Africa and Asia highlights a gap in the literature, particularly when these regions contain
many of the world’s biodiversity hotspots (Myers, et al., 2000). There is, however, possible
bias that must be considered when interpreting the dominance of studies undertaken in the
USA, Australia and the UK given the inclusion criteria of studies being written in English.
Consequently, similar systematic reviews of articles published in languages other than
English is worthy of future research.

Collection of photographs

This review analysed articles that crowdsourced photographs and data from dedicated
citizen science online platforms, publicly available SNSs and combinations thereof.
Dedicated platforms are developed by researchers to provide an avenue whereby
participants can upload relevant images that are analysed by professionals in the field, for
example the identification of whale-shark individuals by marine biologists using the platform
Wildbook for Whale Sharks (Araujo, et al., 2016; Norman 1999; Norman, et al., 2016).
Wildbook is an open source software framework that captures citizen science data, including
photographs, to support collaborative mark-recapture and social ecology studies (Wild Me
2016). In October 2016, Wildbook was created after a name change from the former Image
Based Ecological Information System (IBEIS) project, which was utilized in Parham’s (2015)
research to estimate the size of zebra and giraffe populations in Nairobi National Park.

The benefit of dedicated platforms, such as Wildbook, is the increased relevance of the user-
generated information uploaded for the purpose of its incorporation in research compared to
SNSs where platforms are often non-specific, differing in purpose, popularity and user-profile
(Heikinheimo, et al., 2017). The attraction of using SNSs lies in the ability to facilitate greater
participation and reduce the costs of storing photographic records on specialised databases
(Stafford, et al., 2010). Limitations however arise in the large degree of ‘noise’ in data
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collected from SNSs caused by misleading tags and ambiguous visual content (Zhang, et
al., 2012). Such errors are often compensated for in these situations by analysing large
datasets. As demonstrated in Figure 12, studies sourcing visual content from SNSs are more
likely to use a sample size of greater than 10,000 photographs in their analysis, whilst the
number of photographs collected on dedicated platforms are more likely to lie between 1000
and 10,000 photographs. It was also found that Flickr is the most frequently used platform
amongst SNS-based studies (see Table 2). The published studies justify this selection on
the basis that Flickr is a well-established image-sharing platform with more than 8 billion
photographs and over 87 million registered users in 2013 (Levin, et al., 2015). In addition,
Flickr allows the storing of metadata for the uploaded images, including where the
photograph was taken. Users can attach this metadata manually or automatically when
using GPS enabled devices such as smartphones and some digital cameras to record
geographic information.

The utilisation of geotagged photographs in research was identified in 59% of studies using
online platforms. This feature is particularly useful for studies estimating visitation rates and
the presence and interaction of people with natural areas (Hausmann, et al., 2017a;
Heikinheimo, et al., 2017; Keeler, et al., 2015; Levin, et al., 2015; Levin, et al., 2017; Orsi &
Geneletti 2013; Richards & Friess 2015; Sonter, et al., 2016; Straumann, et al., 2014; van
Zanten, et al., 2016; Wood, et al., 2013). An alternative application of geo-positioning
metadata is for wildlife monitoring programs, as demonstrated in the studies from the UK
that use geotagged photographs from Flickr to map the distribution of bees (Kirkhope, et al.,
2010; Stafford, et al., 2010). Stafford, et al., (2010) report that the most effective means of
implementing such monitoring programs, particularly when funds and time are limited, is the
use of a specialist group within the framework of an existing social network such as Flickr.

A key question when crowdsourcing information in this way is who provides the photos? This
review demonstrates that the general public provided photographs in 66% of the included
articles. This dominance can be explained by those studies using SNSs to collect and
analyse very large datasets. In such cases, it is often difficult to identify the specific
character of the people sharing their photographs (i.e. tourists/visitors, tour guides and/or
residents). Depending on the focus of the study, knowing this information may not however
be a distinction of importance or even necessary. An example of where this information was
needed is the research by Straumann, et al., (2014) who compared the photo-taking
behaviour of foreign tourists and residents in Zurich, Switzerland. This study examined Flickr
user profiles to determine the country of origin of the photographer. Other studies (27.08%)
that exclusively use images provided by tourists often did not draw information from online
platforms, but instead recruited tourists as participants and requested them to take
photographs using a supplied camera or by other means (Dorwart, et al., 2009; Hansen
2016; Mackay & Couldwell 2004; Tonge, et al., 2013). Evidently, such direct contact with
study participants is required when identification of who provides the photographs is
important, which highlights a potential limitation of using online platforms to source images
for social research, for example, as in the case of nature-based tourism studies.

Application to wildlife and tourism research
Social studies relating to visitors’ connection to wildlife

The distribution of articles was skewed in favour of social studies focusing on visitor's
thoughts, behaviours and interactions with nature. These articles explored visitors’
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relationship with nature and wildlife in different ways. A number of studies investigated
tourist perceptions about species attractiveness and the cultural benefits of natural area
tourism using information drawn from social media (Hausmann, et al., 2017a; Heikinheimo,
et al., 2017; Richards & Friess 2015; Willemen, et al., 2015). Generally, these studies found
that social media provided a reliable alternative to survey-based information gathering and
gave useful insight into the popularity of certain species and the value of cultural ecosystem
services, such as opportunities for wildlife focused recreation. This information can be
directed towards management strategies to safeguard biodiversity and certain ecosystem
services (Willemen, et al., 2015). Other studies used geotagged content to investigate
visitation rates and visitor flows in natural areas (Levin, et al., 2015; Orsi & Geneletti, 2013;
Sonter, et al., 2016; Wood, et al., 2013). These articles revealed that geotagged
photographs provide a reliable surrogate for visitor numbers and that as online material
grows, crowdsourcing information in this way may open up a new and revolutionary
approach to understanding questions about where people recreate in natural areas.

Ecological studies on wildlife

Ecological studies focusing on the monitoring of species and ecological phenomena
accounted for only two out of five (40%) of the reviewed articles, suggesting that the
application of tourist-generated photographs and comments to such research is not being
utilized to the extent of social research. The application of tourist-generated photography
does however appear to be gaining more momentum in the most recent literature, with most
ecological studies (70%) having been published after 2010 (Figure 7). Currently there is
limited diversity in the species targeted by this method, but those that have been studied
were often the subject of replicate and/or longitudinal research. This was particularly true for
whale sharks (seven articles) and bees (three articles). This trend suggests that once such a
citizen science program is established, and has been running for long enough to accumulate
enough photographs, it is then possible to conduct numerous studies on the ecology of the
target species. For example, all of the Australian ecological studies focused on the citizen
science assisted monitoring of whale-sharks (Arzoumanian, et al., 2005; Holmberg, et al.,
2008; Holmberg, et al., 2009; Meekan, et al., 2006; Norman 1999; Norman, et al., 2016;
Speed, et al., 2007). This breadth of literature on whale-sharks, often incorporating a
combination of researcher and publicly volunteered photographic information, provides a
case study for the application of this approach for long-term citizen science based ecological
monitoring to aid the conservation of other wildlife.

Only 4% of studies explored the combination of both social and ecological elements in their
use of tourist-generated photography. The majority of these studies were review papers
discussing the general application of social media and user-generated information in
conservation and sustainability science (Di Minin, et al., 2015; Pearson, et al., 2016).
Evidently, the application of tourist-generated photographs and comments to research on
both wildlife tourism experiences and the monitoring of the wildlife itself is an area that has
received little attention in the published literature to this point.

Implications for citizen science and further research

It was the aim of this systematic review to document how the peer-reviewed literature has
utilised tourist-generated photography and photovoice techniques for wildlife research and to
explore wildlife based ecotourism experiences. This review identifies different online
platforms used to crowdsource photographs, the appropriateness of the platform depending
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on the focus of a study and the different sample sizes attributed to research using dedicated
or SNS platforms. This review also provides an overview of the application of tourist-
generated data to either social or ecological research. It highlights that little research has
been conducted on the application of tourist-generated photography to the combined
analysis of both the social and ecological elements of wildlife tourism experiences. Included
articles validate the application of crowdsourced geotagged content to map and monitor
species distribution and the effectiveness of conducting content analysis on photographs
and comments to draw on tourist perceptions. However, few studies address both these
elements in the context of wildlife tourism experiences. This approach could be particularly
useful for tourist interactions with endangered wildlife, wildlife that has not yet been well
researched, or for improving conservation efforts in biodiverse developing countries that may
be limited by funding and access to resources (Barve 2014). It was also noted that there are
relatively few dedicated review articles on tourist photography in wildlife research, which
emphasises the contribution this review makes to the published literature.

Expanding the geographic application of this research to South America, Africa and Asia
should be prioritized, particularly considering the highly unique and diverse natural areas
found on these continents (Myers, et al., 2000). Given that the literature on this topic is only
beginning to emerge, there is great need for more quantitative studies building on the
foundational research to improve our understanding and to validate the use of such data
sources in wildlife tourism research. Many of the articles reviewed report the need for more
studies comparing social media data to data collected by traditional means when using
SNSs (Barry 2014) and to further explore potential sources of bias, representation and other
limitations in using these technological strategies (Hansen 2016; Heikinheimo, et al., 2017;
Keeler, et al., 2015). Applying this approach to different taxonomic groups (Roberge 2014),
at different tourism destinations (Mackay & Couldwell 2004) and to different ecological
phenomena (e.g. distribution of blooming flowers) (Zhang, et al., 2012) may also warrant
further investigation to determine the potential ecological applications of tourist-generated
photography.

Conclusions

Citizen science approaches are ideally suited to address the broad spectrum for research
opportunities identified above. The potential to rapidly engage large numbers of
geographically and temporally dispersed individuals to crowdsource environmental data sets
using smart-phones, GPS enhanced applications, and SNSs is the essence of modern
citizen science practice (Bonney, et al., 2009; Dickinson, Zuckerburg & Bonter 2010; Eitzel,
et al., 2017; Liberatore, et al., 2018; Silvertown 2009). Recruiting, motivating, and retaining
participants is however widely acknowledged as a major issue for many citizen science
programs (Bonney, et al., 2009; Franzoni & Sauermann 2014, Liberatore, et al., 2018;
Sauermann & Franzoni 2015; West & Pateman 2016). Tourism is among the largest sectors
in the global economy and demand for varied and exotic ecotourism experiences is a
significant driver of that demand (Balmford, et al., 2009; Holden 2016; UNWTO 2017).
Utilising the photographs and comments that ecotourists are already voluntarily sharing on
SNSs provides access to a largely untapped and continuously refreshed pool of enthusiastic
and self-motivated citizen scientists. Many ‘professional’ or ‘academically trained’ ecological
and tourism researchers are sceptical regarding the creditability of citizen science-based
research (Darch, 2014; Freitag, Meyer & Whiteman 2016; Golumbic, et al., 2017) and
especially so for data crowdsourced from SNSs (e g. Barbier, et al., 2012; Senaratne, et al.,
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2017; Sui & Goodchild 2011). This review has however demonstrated that the application of
recognised research strategies and data validation techniques (as advocated by authors
such as Bonney, et al. 2009; Dickinson, Zuckerburg & Bonter 2010; and Freitag, Meyer &
Whiteman 2016), along with the analysis of photographs and comments that ecotourists
share on SNSs can provide valuable and valid insights for wildlife and ecotourism research
aligned to the theory and practice of citizen science.
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