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ARTICLE INFO ABSTRACT

Keywords: With well-developed tourism infrastructure and high biodiversity, including charismatic mammals, wildlife
Flickr tourism is popular in South Africa. But where and when do people encounter wildlife, how does this vary among
Hot spots . species and land-tenures, and how do people feel about their encounters? To assess the potential of social media
Natu.re-based tourism to provide insights into wildlife tourism, metadata from 22,002 images across South Africa posted by 9762
Sentiment analysis . . . R .
Textual analysis people to the photo-sharing platform Flickr were obtained on 15 March 2021 and analysed using standard spatio-
Volunteered geographic information temporal and sentiment analyses methods. Total wildlife-encounter-days, and specific hot spots of encounters
varied among elephant, white and black rhinos, lion, cheetah, giraffe, leopard, zebra, buffalo, hippopotamus,
hyena and African wild dog. Most encounters were in national parks and other government protected areas
(59%), particularly Kruger National Park (33%), with private protected areas (25%) also important. Encounters
were predominantly within the species’ traditional geographic ranges. These encounters were more common in
early morning and late afternoon, on major holidays, weekends and in the dry season between August and
October. Words used to describe images referred to locations, species and natural features, with people mostly
expressing positive sentiments and emotions such as trust, joy and anticipation about their encounters. The
results reinforce the concentrated nature of wildlife tourism — in parks, such as Kruger National Park, and
adjacent private protected areas. Expanding where, when and which species are encountered would be valuable
for marketing and management. The results also illustrate benefits but also limitations including who posts about
what, where and when from online platforms such as Flickr.

Management implications go, when and why over large spatial scales, such as for all of South Af-
rica, but as with many approaches, it has important limitations.

We illustrate how metadata of images from social media can be used

to examine patterns in wildlife encounters, including spatial and tem-
poral hot spots, as well as how tourists feel about their experiences.
Although spatial and temporal hot spots of encounters varied among
species and with tourists generally positive about wildlife encounters,
there is an opportunity to diversify wildlife tourism to focus on more
species, locations and times, which could both enhance tourists’ expe-
riences and spread community benefits from wildlife tourism in South
Africa. In addition, user created content on social media could expand
tourism operators’ and park agencies’ knowledge about where tourists

1. Introduction

Wildlife is an important aspect of nature-based tourism with people
spending considerable time and effort to encounter specific animals
(Maciejewski & Kerley, 2014; Okello, Manka, & D’Amour, 2008) with
some places (Valentine & Birtles, 2004; Taecharungroj & Mathayom-
chan, 2021; Mangachena et al., 2022) and species (Catlin et al., 2013;
Macdonald et al., 2015; Mangachena & Pickering, 2021a) far more
popular than others. As a result, there are global wildlife hot spots, such
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as South Africa, that attract millions of local and international tourists
annually (Arbieu et al., 2017; Kerley et al., 2003; SANParks, 2020).
Although there is a high diversity of wildlife within South Africa, tour-
ists are keen to see specific species, particularly elephant, white and
black rhinos, lion, cheetah, giraffe, leopard, zebra, buffalo, hippopot-
amus, hyena and African wild dog (Mangachena & Pickering, 2021a).
Encounters with these animals may benefit locals through income gen-
eration and employment, as well as increasing support for conservation
(Larm et al., 2018; Wardle et al., 2018). In South Africa there is also a
strong focus on generating direct economic and social benefits from
wildlife tourism, including in protected areas, supporting wider social
justice and economic development goals (Fairer-Wessels, 2019).

Within South Africa, protected areas consist of public protected
areas, such as national parks that are run by the government and cover
over 5.1% of the country (Statistics South Africa, 2021). There are also
private protected areas (private reserves) that are owned and managed
by individuals and non-governmental organisations covering an addi-
tional ~4.1% of South Africa (Clements et al., 2019). In both public
protected areas and private reserves, wildlife tourism is popular (Man-
gachena & Pickering, 2021a). Some wildlife tourism also occur outside
these areas such as in zoos, sanctuaries, wildlife ranches and farms that
breed threatened charismatic megafauna (Clements et al., 2019) where
tourists can see animals in natural and/or semi-captive environments
(Maciejewski & Kerley, 2014).

Those promoting and managing wildlife tourism, whether in na-
tional parks or other land-tenures, need information including where
tourists visit, when and why (Hausmann et al., 2019; Spenceley et al.,
2021; Wilkins et al., 2021) to enhance destination marketing and pro-
motion by indicating which species and places tourists value (Curtin,
2010; Di Minin et al., 2013; Siikamaki et al., 2015). It can also be used to
identify where wildlife tourism income is generated including from
which types of land-tenures (Barnes et al., 1999; Meyer, 2015). Infor-
mation about tourists’ movements can be used to allocate resources such
as accommodation, food outlets, roads, parking, visitor centres and
viewing points (Leung et al., 2018; Spenceley et al., 2021). It can indi-
cate where there is crowding and hence potential conflict amongst
tourists (Spenceley et al., 2021), as well as times and places where
wildlife may experience stress from human encounters (Larm et al.,
2018; Macdonald & Wester, 2021). This can help in developing strate-
gies to reduce and manage demand for and interest in highly popular
areas and species, providing alternative tourism opportunities while
minimising pressure on biodiversity (Drugova et al., 2021; Mancini
et al., 2018).

Some data about wildlife tourism are available for public and private
protected areas through entry fees, vehicle and trail counters, visitor
surveys and direct observation (Newsome & Rodger, 2012; Wood et al.,
2013). These sources of data are widely employed but can be expensive
and time consuming to obtain (Garnett et al., 2018; Hausmann et al.,
2018) particularly over larger areas including different land-tenures and
over longer time periods (Newsome and Rodger, 2012). More recently,
data about tourist movements from social media have started to be used
in research and to better manage nature-based tourism (Ghermandi and
Sinclair, 2019; Teles da Mota & Pickering, 2020; Toivonen et al., 2019;
Wilkins et al.,, 2021) and this includes information from the
image-sharing social media platform Flickr.

1.1. Social media and wildlife tourism

Flickr is a social media platform which was established in 2004 to
share high quality images and was initially predominantly used by
professional photographers. It has diversified and expanded including in
terms of who posts about what and from where, with large numbers of
images posted by tourists, making it a useful source of data for tourism
research (Hausmann et al., 2018; Wilkins et al., 2021). Metadata asso-
ciated with Flickr images have started to be harnessed in wildlife and
nature-based tourism monitoring in a range of countries (Mancini et al.,
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2018; Monkman et al., 2018; Teles da Mota & Pickering, 2020). The
majority of those using Flickr and other image sharing social media
platforms are young, wealthy and highly educated (Smith, 2022). By
2018, there were over 10 billion images shared by more than 90 million
people from 63 countries (Smith, 2022). Recently, the number of people
using Flickr is declining but there were still 14 million images posted per
month in 2020 (Michel, 2022). Unlike other platforms, such as Facebook
and Instagram, researchers can use Flickr Application Programming
Interfaces (APIs) remotely to freely obtain metadata about images such
as volunteered geographic information, timestamps and the texts used to
tag and describe images (Coleman et al., 2009, Teles da Mota & Pick-
ering, 2020; Wilkins et al., 2021).

Spatio-temporal data from Flickr have been used for landscape
management (Dunkel, 2015; Heikinheimo et al., 2020), mapping
ecosystem services (Rossi et al., 2020), and assessing nature-based
tourism at global (Hausmann et al., 2019), continental (Teles da Mota
et al., 2022), national (Heikinheimo et al., 2017) and regional scales
(Rossi et al., 2020). Flickr data have also been used to show which
species and places tourists value (Hausmann et al., 2018; Willemen
et al., 2015). Flickr data have been a useful proxy for the relative
popularity of national parks (Tenkanen et al., 2017) and species
(Hausmann et al., 2018; Mangachena & Pickering, 2021a; Willemen
et al., 2015). In addition, information from Flickr has been used in
combination with data obtained through traditional methods to provide
more insights about popular activities (Heikinheimo et al., 2017; Mor-
eno-Llorca et al., 2020), spatial and temporal patterns of visitation
(Heikinheimo et al., 2017) and wildlife preferences in national parks
(Hausmann et al., 2018).

For South Africa, research using social media to assess nature-based
tourism is relatively limited considering the popularity of wildlife and
the importance of tourism for the country (Mangachena & Pickering,
2021a; Teles da Mota & Pickering, 2020). Among the very few studies
using social media, Hausmann et al. (2018) found that Flickr data were
positively correlated with actual visitor data and thus could be used as a
surrogate of actual visitation. The study also found that first time in-
ternational visitors were more likely to post images of large charismatic
mammals to social media, but that experienced and local tourists mostly
shared images of less known wildlife such as smaller mammals and
amphibians (Hausmann et al., 2018). That study in Kruger National
Park, along with a broader literature review (Mangachena & Pickering,
2021a), found that tourist preferences for specific species identified in
park visitor surveys were correlated with species popularity on Flickr.
Although there are studies showing the benefits and limitations of using
Flickr data for large scale monitoring of wildlife tourism across
land-tenure and time in Africa (Willemen et al., 2015) and in other parts
of the world (Lopez et al., 2020; Mancini et al., 2018, 2019), such studies
have not been undertaken for South Africa. This despite the benefits that
such information would have for tourism, public protected areas, private
reserves and wildlife management more generally.

Although there is a high diversity of wildlife in South Africa, only a
few mammals (elephant, white and black rhinos, lion, cheetah, giraffe,
leopard, zebra, buffalo, hippopotamus, hyena and African wild dog) are
very popular with tourists (Mangachena & Pickering, 2021a). These are
among the only species regularly listed as the most popular in visitor
surveys (Arbieu et al., 2017; Di Minin et al., 2013; Griinewald et al.,
2016; Hausmann et al., 2018; Kerley et al., 2003; Lindsey et al., 2007;
Maciejewski & Kerley, 2014), online marketing (Castley et al., 2013),
social media (Hausmann et al., 2018) and wildlife auctions (Dalerum &
Miranda, 2016).

The aim of this study was to assess if Flickr metadata could be used to
understand spatial and temporal patterns in wildlife tourism encounters
across land-tenures for the most popular wildlife species in South Africa
and how people feel about such encounters. Our specific objectives were
to identify i) spatial hot spots and cold spots of wildlife tourism across
different land-tenures, ii) when tourists encounter wildlife, iii) what
tourists valued, and iv) how they felt about their encounters using
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methods that can be easily replicated by park agencies. We predicted
that protected areas (Hausmann et al., 2018), particularly Kruger Na-
tional Park (Ferreira & Harmse, 2014; Kruger & Saayman, 2010) would
be hot spots and that species popularity may differ among land-tenures
(Mangachena & Pickering, 2021a). We also expected that engagement
with wildlife would occur throughout the year, but, mostly in dry sea-
sons (Mancini et al., 2018), holidays and weekends when people have
more time available for leisure. We further expected that tourists tend to
share experiences they value (Rossi et al. 2019), and hence would
mainly express positive feelings about their encounters. Based on our
findings, we provide recommendations for how to improve wildlife
tourism in South Africa.

2. Methods
2.1. Study area

South Africa (30.5595° S, 22.9375° E) is a large country
(~1,220,000 km?) with well-developed tourism infrastructure as well as
high biodiversity (Driver et al., 2005). Much of this biodiversity is found
in protected areas, consisting of public and private protected areas that
cover ~9.2% of the country (UN-WCMC, 2018). Public protected areas
include 20 national parks that are managed by the South African gov-
ernment through the South African Parks (SANParks) agency and one
that is managed by the North-West Parks Board as well as 580 nature
reserves, while private protected areas are owned by individuals and/or
non-governmental organisations (UNEP-WCMC, 2018) and are mostly
managed for profit (Di Minin et al., 2013). Wildlife also occurs outside
protected areas including on wildlife ranches and farms (Di Minin et al.,
2013) and in zoos. Across the different land-tenures, there are 299
mammal, over 850 bird, 363 reptile and 138 amphibian species native to
South Africa (IUCN, 2020) with large mammals particularly popular for
wildlife tourism (Goodwin & Leader-Williams, 2000; Hausmann et al.,
2018; Mangachena & Pickering, 2021a).

Wildlife and other nature-based tourism in government-run pro-
tected areas attracted over seven million tourists pre-COVID-19,
generating USD$207 million annually and contributing 2.8% to the
Gross Domestic Product of the country (SANParks, 2019). In private
protected areas, the total value of wildlife tourism amounted to USD
$768.4 million (Pasmans & Hebinck, 2017). Most of this income from
wildlife tourism is from entrance fees, commercial concessions, animal

»

Data collection Data cleaning

Select geolocated images
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breeding and auctions (SANParks, 2019). However, like much of
tourism globally, wildlife tourism in South Africa was severely affected
by COVID-19 pandemic travel bans on international and local tourists
(Giddy & Rogerson, 2021). This resulted in massive financial losses of
over USD$774 million with entry to public and private parks restricted
(Braczkowski & Biggs, 2021; Rogerson & Rogerson, 2020). Although a
complete recovery will be difficult, the industry has started to recover
with international tourist arrivals in 2022 at 60% of visitors prior to the
COVID-19 pandemic (UNWTO, 2022).

2.2. Data collection and cleaning

We collected metadata from images of the 11 most popular species
(elephant, white and black rhinos, lion, cheetah, giraffe, leopard, zebra,
buffalo, hippopotamus, hyena and African wild dog) from Flickr. There
were 392,047 images obtained using the Flickr API and R Studio (R
Development Team, 2021) on 15 March 2021 by using a keyword search
for all images tagged with the species’ common name and the term
‘South Africa’ (Fig. 1, Table 1). A preliminary image content analysis on
a random sample of one hundred images per species carried out using
manual methods established a 92% match between what was shown in

Table 1
Details of wildlife encounters in South Africa for 11 species based on data from
Flickr.

Species Images Images Wildlife- Number of
returned by geolocated in encounter- people
word search South Africa days (WED) posting

Elephant 101,498 20,422 4346 1886

Lion 86,930 13,922 2507 1278

Giraffe 47,060 8663 2702 1416

Zebra 34,395 8124 5809 1298

Leopard 29,563 5305 1416 756

Buffalo 22,843 5154 1423 754

Cheetah 25,825 4841 1023 652

Hippopotamus 16,040 3645 996 614

White Rhino 10,095 2280 709 383

Hyena 9046 2260 655 201

African wild 6527 934 274 425

dog

Black Rhino 2225 526 142 99

Total 392,047 76,076 22,002 9762

»

Data analysis

Spatial analysis using QGIS:
Estimated hot spots of WED using
heatmap tool

Statistical analysis using R:
Chi-square tests,

Spearman’s rank correlations
Temporal analysis using Excel:
Compared times when images
were taken

Sentiment analysis using R:

Quantified sentiments and emotions
associated with text for images
Textual analysis using R and Excel:
Quantified common words associated
with text for images

Fig. 1. Details about each of the steps involved in collecting, processing and analysing data from Flickr and the different software used to carry out the procedures.

API = Application Programming Interface, WED = Wildlife Encounter Days.
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images and the names in the tags. Metadata per image included user
identification number, volunteered geographic information of where the
image was taken (if provided), date and time when image was taken,
title, tags, description and URL link.

After discarding duplicate images and those without geolocations,
the remaining images were mapped using QGIS (QGIS Development
Team, 2021) with those taken outside South Africa then removed,
leaving 76,076 images (Fig. 1). Issues can arise with such data where a
few prolific posters dominate when they post many images at the same
time and place, and even of the same animal. For South Africa, 19 of the
9762 people posting wildlife encounter images posted at least 100 im-
ages each which collectively accounted for 19% of all images (Table 1).
Therefore, data were sub-sampled to produce wildlife-encounter-days
(WED) by randomly selecting one image per person per day using the
dplyr function in R Studio (R Development Team, 2021). This is a
common approach when using social media data to deal with over
representation of some tourists (Wilkins et al., 2021; Wood et al., 2013)
and allowed us to control for encounters with different species posted by
the same person on the same day. Similar methods have been used in
other studies that calculated photo-user-days as estimates of actual park
visitation (Wilkins et al., 2021; Wood et al., 2013).

To determine the land-tenures for the remaining 22,002 encounters,
we downloaded terrestrial protected areas data for South Africa from the
Protected Planet website (UN-WCMC, 2018). Then we used the ‘select by
features’ tool in QGIS to separate encounters from public protected
areas, private protected areas as well as encounters outside these areas
such as those from zoos, sanctuaries, wildlife ranches and farms. Due to
its popularity with wildlife tourists, Kruger National Park was analysed
separately from other public protected areas. We excluded biosphere
reserves from protected areas as they overlap with cities and other
built-up areas. To determine if encounters occurred within the species’
geographic ranges, data for each species were downloaded from the
IUCN Red List of threatened species (IUCN, 2020) except for hippopot-
amus and hyena which are currently not listed as threatened.

2.3. Data analysis

To compare patterns in wildlife encounters, we calculated the pro-
portion of images across all land-tenures overall, and then separately for
each species, with Chi-square tests and Cramer’s V in R used to identify
significant differences in encounters among land-tenures (R Develop-
ment Team, 2021). Previous research has shown how social media data
correlate with other measures of park visitation (Ghermandi, 2022;
Teles da Mota & Pickering, 2020; Wilkins et al., 2021; Wood et al., 2013)
so here the number of wildlife-encounter-days (WED) from Flickr was
compared with 2020 actual park visitor data (SANParks, 2020) using
Spearman’s rank coefficient in R (R Development Team, 2021).

The spatial distribution of encounters — including hot spots for
wildlife tourism — were visualised with kernel density estimations using
the heatmap tool in QGIS (QGIS Development Team, 2020). Kernel
density estimation is a spatial analysis technique that calculates density
values for descrete geolocated points and displays them as a smooth
continuous image (Silverman, 1986) and has been used to show hot
spots for nature-based tourism including using data from Flickr (Kim
et al., 2019; Teles da Mota et al., 2022). After testing different kernel
radii depending on the number of encounters, we selected a 10 m radius
for combined encounters and radii ranging between 10 m and 60 m for
encounters with individual species. Based on the kernel radius size, the
map layers were then divided into pre-determined grid cells, each fitted
with a series of kernels (King 2016). We used the quartic smoothing
function to create detailed colour-themed density maps showing hot
spots of all images combined and then separately for each species
including in relation to land-tenure as well as the species’ geographic
ranges.

To identify temporal patterns in wildlife encounters, we analysed
when images were taken. Values were plotted as spider graphs in
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Microsoft Excel 2016 to assess trends among seasons/months, week-
days, and hours, for all encounters and each species separately, with Chi-
square tests and Cramer’s V used identify significant differences in
temporal patterns of encounters among species.

Terms used by tourists to describe their wildlife encounters were
compared using textual analysis of the words in title, tags and de-
scriptions of the images. First, data were pre-processed using the Tidy-
text package in R (Silge & Robinson, 2016; R Development Team, 2021)
which entails replacing all uppercase characters with lowercases,
removing special characters, connecting and stop words as well as
finding word stems. Words with similar meanings such as ‘jaw’ and
‘teeth’ or ‘predator’ and ‘carnivore’ were merged after which fre-
quencies of the most common words (unigrams) were obtained for all
encounters collectively and for elephant, white and black rhinos, lion,
cheetah, giraffe, leopard, zebra, buffalo, hippopotamus, hyena and Af-
rican wild dog separately using dplyr in R (R Development Team, 2021).

Emotions expressed about encounters were examined using senti-
ment analysis of all English words in title, tags and description for the
images of each species. This involved coding the text with the ‘nrc’
function ‘syuzhet’ package in R (Jockers, 2017; R Development Team,
2021) that utilizes the National Research Council of Canada’s lexicon of
sentiments (positive, negative) and emotions (anger, fear, anticipation,
trust, surprise, sadness, joy and disgust) associated with over 14,000
English words (National Research Council Canada, 2019). The lexicon
has been used to analyse sentiments and emotions in a wide range of
texts (National Research Council Canada, 2019). The text associated
with an image may contain several words relating to specific emotions
and/or sentiments resulting in values of greater than one for some im-
ages. Data were graphed in Excel to show specific sentiments and
emotions expressed. Chi-square tests and Cramer’s V in R were then used
to determine any significant differences in sentiments and emotions
among species (R Development Team, 2021).

3. Results

There were many encounters with wildlife across South Africa posted
on Flickr, with a total of 22,002 wildlife-encounter-days (WED) for the
11 species (Table 1). Encounters varied among species (X(zu) =17988, p
< 0.05, Cramer’s V = 0.5) with encounters with zebra (26%) and
elephant (20%) most often seen on Flickr, while giraffe (12%) and lion
(11%) had moderate numbers of encounters. Buffalo (6%), leopard (6%)
and cheetah (5%) had fewer encounters on Flickr while black rhino and
African wild dog were far less likely to be encountered and/or have
images on Flickr (Table 1).

3.1. Where do people encounter wildlife?

As was expected, nearly all encounters (84%) were in some type of
protected area (Fig. 2), with 33% in Kruger National Park (Kruger)
alone. For the remaining 633 public protected areas, images were taken
in 124 of them, but mainly Addo (5%), Hluhluwe-Umfolozi (5%), Pila-
nesberg (4%), Mountain Zebra (3%), and iSimangaliso Wetland Park
(2%). Similarly, although there are >900 private protected areas, im-
ages were taken in just 70, with Sabi Sands located adjacent to Kruger
with the most images (6%). Images were also taken outside of protected
areas including in zoos, sanctuaries, wildlife ranches and farms.

The spatial distribution of encounters varied among species,
including the proportion of encounters across land-tenures (X(243) =
2664.8, p < 0.05, Cramer’s V = 0.5; Fig. 2). Most encounters with large
mammals including buffalo (47%), elephants (37%), giraffe (37%) and
hippopotamus (31%) were in Kruger, but less so for cheetah (17%) and
black rhino (16%). Some carnivores such as hyena (55%), African wild
dog (51%), leopard (39%) and lion (30%) were also commonly seen and
photographed in Kruger. In public protected areas, zebra (34%), white
(29%) and black (28%) rhinos, elephant (28%), hippopotamus (25%),
buffalo (20%) and giraffe (20%) were the most common wildlife posted,
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Fig. 2. Proportion of Wildlife Encounters Days (WED) for all 11 species combined and then separately for each species in private and public protected areas including

in Kruger National Park and outside protected areas. Hippo = Hippopotamus.

Table 2

Differences in wildlife encounters in National Parks as a proportion of encounters per species across South Africa with = 50%,
41-50%, ® >31-40%, e 21-30%,  11-20%, and @ < 10%. Blanks = species absent from the park, while X = no Flickr images of the
species although present in the Park. Hippo = Hippopotamus. This table is based on Flickr images, noting that images from some parks
were tagged with names of species which do not occur in the parks resulting in data not matching the species’ geographic ranges.
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but less so for hyena (14%) and African wild dog (3%). Species more
likely to be encountered in private protected areas included cheetah
(39%), leopard (38%) and lion (30%), unlike elephant (20%) and
hippopotamus (19%). In zoos, wildlife ranches, farms and sanctuaries,
white (19%) and black (15%) rhinos as well as cheetah (25%), lion
(23%) and leopard (10%) were also encountered, but less so for hyena
(8%) (Fig. 2).

A total of 10,498 (47%) images were from public protected areas but
some national parks were more popular than others (ﬁgg) =25399,p <

0.05, Cramer’s V = 0.4), while WED were not correlated with actual
visitation data per park (Spearman’s rho = 0.3, p = 0.2). Elephant,
zebra, giraffe, buffalo, hippopotamus, lion and leopard were photo-
graphed in some major parks, but not hyena despite also occurring in
many of the same parks. Based on the Flickr metadata, Kruger, Pila-
nesberg and Addo Elephant were popular places for images of elephant,
buffalo, both species of rhinos, giraffe, zebra, lion, leopard and cheetah
(Table 2). The number of encounters with many species was lower in
Mountain Zebra, Marakele and Kgalagadi National Parks despite quite
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Fig. 3. Spatial distribution of WED across South Africa for all 11 species combined and then separately for each species based on geolocated images from the social
media platform Flickr. Species geographic range data were sourced from the International Union for the Conservation of Nature (IUCN) Red List of Threatened
Species (https://www.iucnredlist.org) and Protected area data were downloaded from Protected Planet (World Conservation Monitoring Centre [UNEP-WCMC]) site

(https://www.protected planet.net/).

high visitation to these parks and the presence of most of the species.
Based on Flickr data, there were few wildlife encounters in Mokala and
Mapungubwe. Although some popular species occur in these parks,
there were no encounters on Flickr for cheetah, leopard, hyena and
African wild dog in those parks. Agulhas, Richterveld, Bontebok, Cam-
deboo, Augrabies, Tankwa Karoo and Karoo are generally not popular
with visitors and had low numbers of wildlife encounters overall, but
where there were Flickr images for these parks, they were mostly of
zebra (Table 2). Total wildlife-encounter-days were also low for
Table Mountain, West Coast and Garden Route National Parks, which
although very popular for visitation, contain few of these species.

3.2. Where are the hot spots of wildlife encounters?

Although images were broadly spread across South Africa, there
were clear hot spots in national parks, mainly Kruger, Pilanesberg, Addo
Elephant and areas close by (Fig. 3). Spatial distribution and the density
of images varied among species, with hot spots for elephants highly
concentrated while zebra and giraffe encounters were more widely
distributed (Fig. 3). Hippopotamus and buffalo encounters were widely
distributed but at lower densities. Of the large cats, there were fewer
leopard hot spots than for lion and cheetah although the density of
images was higher. For rhino, white rhino encounters were more
dispersed and at higher density than encounters with black rhino. Af-
rican wild dog and hyena encounters were localised and at low densities
(Fig. 3).

3.3. When do people encounter wildlife?

Overall, there were wildlife encounters all year, but most encounters
were in late winter in August until spring in October (Fig. 4). However,

there were temporal differences among species with few encounters
with hippo, black rhino, leopard and hyena from the beginning of
summer in November until May, with a slight increase in February and
March. There were more encounters in February and March for black
rhino and hyena (Fig. 4) while for buffalo, white rhino and African wild
dog it was mainly November until January and then July, which con-
trasted with elephant, zebra, giraffe, lion and cheetah with limited
seasonal variation. Although encounters were mainly on weekends,
black and white rhinos, hippo and leopard were also encountered and
photographed during weekdays (Fig. 4). Encounters were mainly either
early in the day or late afternoon, the most common times for safaris and
also when animals are active with few encounters in the middle of the
day or at night (Fig. 4).

3.4. What words do people use to describe their wildlife encounters?

A wide range of words were used to describe wildlife encounters with
28,790 unique words across all tags, titles, and descriptions of images.
People mostly captioned images of leopard (13%), lion (12%), elephant
(10%) and white rhino (10%) with fewer words used for black rhino
(3%), African wild dog (5%) and hyena (5%). Across all species, the
most frequent words were geographical locations such as ‘Africa’, ‘South
Africa’, ‘Kruger’ and ‘park’ (Table S1). Words such as ‘KwaZulu’, ‘Natal’
and ‘Cape’ were frequently used for encounters with rhinos and buffalo,
‘sanctuary’ for cheetah, ‘zoo’ for African wild dog, while ‘lodge’ and
‘reserve’ were common for most species. Apart from Kruger, other
protected areas often referred to include Addo, Hluhluwe-Umfolozi, St
Lucia, Sabi Sands and Arathusa particularly for images of elephant, the
rhinos and leopard (Table S1). Besides locations, words such as ‘animal’,
‘mammal’, ‘wildlife’ and names of species were frequently used. The
word ‘elephant” was mentioned 15,067 times with ‘zebra’ (11,673) and
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Fig. 4. Temporal patterns in WED across months, days and hours for all 11 species combined and then separately for each of species based on data from Flickr.

‘lion’ (10,112) also common, while ‘hyena’ (2015) and ‘African wild
dog’ (2303) were less mentioned. Other animals commonly mentioned
included ‘birds’ and ‘crocodiles’. Words relating to natural features such
as ‘mountain’, ‘landscape’, ‘lake’, ‘water’, ‘tree’, ‘river’, forest’ were also
common along with tourism terms such as ‘travel’, ‘safari’ and ‘game’.

3.5. How do people feel about wildlife encounters?

Text associated with the images indicate that people felt more pos-
itive (69%) than negative (31%) about their encounters, although sen-
timents differed among species (X%m =6293.5, p < 0.05, Cramer’s V =
0.2). Positive sentiments were more often expressed about leopard
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(14%), lion (13%), elephant (11%), zebra (11%) and white rhino (10%) associated with activities such as vacation, holiday, outdoors, fun,

than other species (Fig. 5). Emotions also differed among species (x%) = sunset, safari, view and landscape. Fear (12%) was more common for
106298, p < 0.05), with trust (20%), joy (19%) and anticipation (17%) images of lion (15%), leopard (13%), elephant (11%), buffalo (9%) and
often expressed about leopard, lion, cheetah, elephant, white rhino, white rhino (9%) (Fig. 5). Although some people expressed sadness
giraffe or zebra (Fig. 5). Trust, joy and anticipation were often associated (9%), they rarely expressed disgust (6%) or anger (6%). Negative sen-
with words such as ‘conservation’, ‘drinking’, ‘waterhole’, ‘family’, timents were associated with terms such as ‘wild’, ‘fight’, ‘kick’, ‘dead’,
‘calves’, ‘defend’ and ‘breeding’. Positive sentiments were also ‘kill’, ‘poach’, ‘horn’, ‘threat’, ‘extinct’ and ‘danger’. No sentiments were
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associated with images that only mentioned geographical locations. South Africa, but mostly in a few prominent large national parks,

particularly Kruger, but also Addo and Pilanesberg. The total number of
encounters, and specific hot spots varied among species, in part
reflecting species’ geographic distributions and their relative popularity.
When species were encountered appears to reflect both when people

4. Discussion

On Flickr there were images of wildlife encounters across most of
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were most likely to be viewing wildlife, as well as when species were
most likely to be easily seen. People often tagged images with infor-
mation about which species they encountered, where and their experi-
ences as tourists, often expressing trust, joy and anticipation. While
other studies have examined the relative popularity of different species
for wildlife tourism in South Africa (Hausmann et al., 2018; Man-
gachena & Pickering, 2021a; Willemen et al., 2015), our results show
where and when some tourists went to view specific species and how
they feel about their encounters. The results again highlight the
importance of protected areas for wildlife tourism in South Africa and
how wildlife encounters are shaped by the availability, visibility and
desirability of specific species.

4.1. Determinants of spatio-temporal patterns of wildlife encounters in
South Africa

Species popularity is affected by traits associated with visibility such
that species distributions, abundance, size and behaviour all influence
where and when people encounter and photograph them (Castley et al.,
2013; Correia et al., 2016; Garnett et al., 2018; Macdonald et al., 2015;
Mangachena & Pickering, 2021a). For instance, zebra and elephant,
which were the most frequently encountered and/or photographed
species in our study, are widely distributed across South Africa including
in most national parks. In addition, they tend to occur in large herds in
open vegetation and are active during daytime (Willemen et al., 2015;
Winterbach et al., 2015), making it easy to see and photograph them.
Species popularity is also determined by a range of factors such as
presence of body hair, body and facial markings, bright or multiple
colours, being a carnivore, dangerous to humans, threatened or rare
(Correia et al., 2016; Fancovicova et al., 2022; Macdonald et al., 2015;
Willemen et al., 2015). Hence, it was likely that wildlife tourists would
want to photograph elephant, lion, giraffe, leopard and cheetah and
share these images on social media. Although rhinos attract a lot of
public attention, the low number of images available on Flickr for crit-
ically endangered black rhinos as well as near-threatened white rhinos
could possibly be due to concerns surrounding the release of geotagged
images onto social media (Di Minin et al., 2018). In addition, vol-
unteered geographic information can be employed for tracking and
monitoring wildlife populations for conservation, but also increases the
risk of poaching and/or illegal trade (Di Minin et al., 2018). African wild
dog also had few images although they are endangered, reinforcing
previous findings from surveys where there was a lack of interest in this
species by tourists in South Africa’s protected areas (Mangachena &
Pickering, 2021a). Most encounters with the African wild dog were also
outside the species’ natural geographic range, and included encounters
in private protected areas, wildlife ranches and farms as well as in zoos,
highlighting the importance of such locations for wildlife tourism
(Gusset et al., 2008).
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The large number of images of wildlife encounters on Flickr reflect
the popularity of some species for tourism in South Africa. This adds to
previous research using surveys and other measures of species’ popu-
larity, where large mammals were shown to be particularly important
for wildlife tourism (Hausmann et al., 2018; Mangachena & Pickering,
2021a). Although some nature-based tourists prefer viewing landscapes
and plants, larger wild mammals are often a must-see for both interna-
tional and local visitors to South African parks (Castley et al., 2013; Di
Minin et al., 2013; Lindsey et al., 2007) with tourists preferring to visit
parks with high animal species richness, as this heightens their chance of
encountering wildlife (Siikamaki et al., 2015). Both public and private
protected areas were popular for wildlife viewing, accounting for over
half of all the encounters on Flickr. Several national parks in South Af-
rica contain iconic species such as the ‘big five’ (SANParks, 2019),
contributing to their popularity. In addition, private protected areas
often stock charismatic, but easy to manage species, enhancing oppor-
tunities to see wildlife and maximising profits (Di Minin et al., 2013;
Maciejewski & Kerley, 2014). Iconic animals not only attract visitors to
parks but are also a key part of their experiences with tourists stopping
more often and spending longer viewing wildlife such as elephants and
lions than other species (Griinewald et al., 2016; Maciejewski & Kerley,
2014; Okello, Manka, & D’Amour, 2008).

That Kruger National Park (Kruger) was the most popular place for
wildlife encounters on Flickr was not surprising given it is a flagship
national park and a magnet for wildlife tourism in South Africa (Ferreira
& Harmse, 2014; Kruger & Saayman, 2010). It is the second most pop-
ular national park after Table Mountain, receiving an average of 1.48
million local and international visitors annually prior to the COVID-19
pandemic (SANParks, 2019). Wildlife, particularly charismatic mega-
fauna, are often listed as key attractions in visitor surveys from Kruger
(Ferreira & Harmse, 2014; Kruger & Saayman, 2010), and this was
similar to the patterns in Flickr image data, with at least 100 images of
each of the 11 species from the park. Other factors contributing to
Kruger’s popularity include accessibility, well-developed infrastructure,
diversity of services for day and overnight visitors, and high name
recognition including via inclusion on must-visit tourist destinations in
South Africa (Kruger et al., 2019; Liang, Kirilenko, Stepchenkova, & Ma,
2020; SANParks, 2020). Within Kruger, there are many lookout points at
waterholes as well as relatively open savannah vegetation adjacent to
the roads with self or guided drives popular (Liang et al., 2020). In
contrast, the other most popular national park in South Africa,
Table Mountain, had few wildlife encounters on Flickr. This is not sur-
prising since the park provides other types of nature-based tourism op-
portunities with few species popular with wildlife tourists found in the
park (Hausmann et al., 2020). In addition, there were generally few
wildlife-encounter-days (WED) in other popular parks with tourists, but
where such parks contained popular species, they were often at lower
abundance and hence limited the chances of tourists encountering and
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photographing them. These are likely to be part of the reasons there was
no significant relationship between wildlife encounters based on Flickr
and actual park visitation data.

Temporal patterns in wildlife encounters reflect how the period
leading up to the summer rains was the best time for wildlife tourism in
African savannahs (Winterbach et al., 2015), with drier conditions and
limited surface water often forcing wildlife to congregate at perennial
water sources, enhancing opportunities for tourists to see and photo-
graph them (Okello, D’Amour, & Manka, 2008). In contrast, in summer,
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many of the most popular species remain hidden in the denser under-
growth during the day, climatic conditions are less comfortable for
tourists (Okello, Manka, & D’Amour, 2008) and road access in many
parks can be challenging. Although encounters across all land-tenures
were generally lower in summer, tourists still encountered wildlife in
parks such as Table Mountain and West Coast that have dry summers,
private protected areas and in zoos, sanctuaries and wildlife farms.
Unlike public protected areas, tourists can see wildlife with less effort in
private protected areas where particularly popular species are stocked in
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higher densities in relatively confined areas, with species dispersal often
restricted by fencing (Di Minin et al., 2013; Maciejewski & Kerley,
2014). Although temporal viewing patterns differed among species, the
patterns also reflect when people were most likely to be able to partic-
ipate in tourism with peaks in February but also in March then from
August until October coinciding in part with South African school hol-
idays as well as Europe’s long holiday seasons (Ferreira & Harmse,
2014). Similar patterns have been observed where other types of
nature-based tourism are more popular on weekends and major holidays
(Teles da Mota et al., 2022). In addition, encounters in public protected
areas were greater on weekends, potentially reflecting visitation by
South Africans whilst encounters in private protected areas were more
consistent throughout the week, probably reflecting international
tourism to these more expensive destinations (Di Minin et al., 2013;
Ferreira & Harmse, 2014). The popularity of early morning and late
afternoon for wildlife viewing could reflect favourable weather condi-
tions for tourists and wildlife unlike the middle of the day when its
hotter (Kerley et al., 2003). Night-time encounters were rare, which may
reflect limitations on tourists moving around at night in many national
parks (Kerley et al., 2003) and difficulties in taking good images at night,
but these still were seen in some private protected areas (Di Minin et al.,
2013).

4.2. Relevance of textual metadata accompanying images

Tourists used a diversity of terms to describe their encounters with
wildlife and where they occurred. Often people tag images on social
media using terms relating to specific places and types of nature to assist
others to find images (Rossi et al. 2019). The frequency with which some
experiences, places or species are mentioned in text posted with images
can provide additional insights into tourists’ preference, information
that may not be apparent in visual representations alone (Hausmann
et al., 2019) including explaining why people desire and value certain
species over others (Rossi et al. 2019). In other instances, texts can
reflect tourists concerns about species’ safety as well as conservation
programmes and activities they support (Hausmann et al., 2020). For the
images of South African wildlife on Flickr, mountains, rivers and forests
were mentioned showing that aside from wildlife viewing, tourists are
also interested in, and value, a range of nature-based tourism attrac-
tions. Image text also provide insights into how tourists feel about their
experiences (Hausmann et al., 2020). For South African wildlife on
Flickr, encounters triggered different sentiments, although they were
mostly positive. This included sentiments when encountering charis-
matic, well-known species, such as lion, that many tourists view with
affection (Mangachena & Pickering, 2021b), but also negative senti-
ments when tourists perceive the animal as dangerous and/or when the
species is threatened (Macdonald et al., 2015). Positive sentiments
reflect a high public regard for wildlife and management may take
advantage of such attitudes to garner further support for conservation
(Correia et al., 2016). Furthermore, people often expressed positive
emotions about breeding and other conservation programmes, while
illegal activities such as poaching brought about negative feelings in
national parks (Mangachena & Pickering, 2021b). Our results again
highlight the importance of nature for human health where outdoor
activities often are associated with enhanced well-being (Buckley et al.,
2019; Mnisi et al., 2021).

4.3. Management implications and recommendations

Monitoring where and when people view animals, which species
they encounter and how they feel about their experiences can reveal
spatial and temporal hot spots among and within species: information
that is important for managing and promoting wildlife tourism. The data
from Flickr used here and results from other studies show how wildlife
tourism opportunities could be expanded by marketing lesser-known
destinations, species and times (Ferreira & Harmse, 2014; Mancini
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et al., 2018; Mangachena & Pickering, 2021a). For example, although
Kruger is a wildlife tourism flagship destination, many of the popular
species also occur in other national parks such as Addo, Mountain Zebra,
Marakele, Mokala and Mapungubwe. Promoting wildlife tourism in
more parks in South Africa could spread the economic benefits to
additional local communities, something seen as key to South African
national parks. However, rapid increases in tourism including as a result
of online content on social media, can overwhelm local resources
resulting in negative impacts on the environment, infrastructure and
amenities (Wengel et al., 2022). For some parks, the low number of WED
compared to actual visitation is likely to reflect the availability of a
range of nature-based tourism attractions other than wildlife (Di Minin
et al., 2013; Hausmann et al., 2020; Lindsey et al., 2007; Mangachena &
Pickering, 2021b).

Managers could also use off-season marketing, highlighting other
wildlife opportunities when destinations are less crowded and poten-
tially less expensive to visit (Mancini et al., 2018). Such interventions
may be less effective in some locations where there is risk of adverse
weather conditions during off-season periods (Scholtz et al., 2015).
Marketing repeat visitation could also be useful, focusing on different
species with more experienced tourists who are often interested in
greater diversity and/or different landscapes and species (Di Minin
et al., 2013; Lindsey et al., 2007). Spreading wildlife tourism opportu-
nities can also minimise negative impacts on wildlife associated with
overcrowding and noise (Ferreira & Harmse, 2014; Okello, D’ Amour, &
Manka, 2008). Such campaigns have been successful including targeting
specialised high-income tourists with interest in specific species such as
bird tourists (Lindsey et al., 2007). Promoting interesting backstories
and characteristics of less well-known species can also increase peoples’
desire to see and conserve species, which can both enhance tourism
opportunities and support for conservation (Richardson & Hogan,
2018).

4.4. Advantages and disadvantages of using social media data for wildlife
tourism monitoring

This study illustrates how openly available social media metadata
that can be accessed remotely, can provide insights into patterns of
wildlife tourism across large spatial and temporal scales. Volunteered
geographic information associated with images from Flickr highlighted
a range of hot spots and cold spots of wildlife encounters in different
land-tenures including when and why people participate in wildlife
tourism in South Africa. Other studies already confirm how species
preferences seen in social media images reflect preference listed by
visitors in surveys (Hausmann et al., 2018; Heikinheimo et al., 2017;
Mangachena & Pickering, 2021a; Toivonen et al., 2019). Here we go
further and illustrate how texts used to describe images can provide
insights into visitor experiences including why they visit specific places
and how they feel (Rossi et al. 2019; Hausmann et al., 2020), with those
tourists posting to Flickr generally positive about their wildlife en-
counters in South Africa, but also concerned about threats to animals.

Similar to data obtained with other methods, there are important
limitations with social media data including using Flickr for wildlife
tourism research (Mancini et al., 2018; Teles da Mota & Pickering,
2020). Some limitations with social media data are platform-specific
whereby the use of sophisticated computer methods and automated
tools makes it difficult to access, clean and analyse geolocated data from
large social media datasets (Ghermandi and Sinclair, 2019; Toivonen
et al., 2019). Although park agencies could use methods from this study
to visualise spatial patterns in geographic information systems, text and
sentiment analyses could be challenging to carry out for most protected
area personnel. In addition, certain platforms are generally preferred in
some countries and by some demographics and are popular for partic-
ular types of data (Ghermandi and Sinclair, 2019; Toivonen et al., 2019;
Teles da Mota & Pickering, 2020). For instance, Flickr is popular for
sharing nature-based images and hence widely used in tourism research
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(Walden-Schreiner et al., 2018) but is not the most popular social media
platform used by tourists visiting parks in South Africa (Hausmann et al.,
2018; Tenkanen et al., 2017). Also, due to issues around ethics and
privacy, some platforms such as Instagram and Facebook have put in
place barriers to accessing data, but data remain publicly available from
Flickr for research (Hausmann et al., 2018).

Despite global spread and broad popularity of the internet and mo-
bile phone use, there are major biases in who uses social media with
younger, wealthier and educated people from first world and English-
speaking countries more active on social media, including Flickr
(Ghermandi and Sinclair, 2019; Toivonen et al., 2019; Teles da Mota &
Pickering, 2020). In addition, the risk of only using Flickr data for
wildlife tourism monitoring is that some tourists may capture images of
encounters and a fraction of them go on to share their experiences onto
social media when visiting natural areas such as parks (Teles da Mota &
Pickering, 2020), resulting in the content from a few tourists dominating
data on the platform, biasing results. In addition, charismatic species
were over-represented in our study, and this may reflect the views of
inexperienced tourists from abroad, while downplaying the interests of
older people and those of locals who can be interested in other types of
wildlife (Hausmann et al., 2018). These limitations could be addressed
by comparing the experiences of tourists from Flickr against data from
other social media platforms and from park surveys as has been done in
Kruger (Hausmann et al., 2018). However, there remain limitations on
access to data from more popular platforms such as Instagram and major
challenges with visitor surveys over large spatial and temporal scales.
We also used English terms only to search for Flickr images with the
potential of missing images tagged in other languages (Teles da Mota
et al., 2022).

Other limitations result from user inaccuracies whereby image con-
tent does not correspond with species names used in tags. For instance,
in our study, there were several instances where animals such as black
and white rhinos, cheetah and leopard as well as African wild dog and
hyena were misidentified. There were also errors where images from
some parks were tagged with names of species which do not occur in the
park, resulting in data about some species not matching the species’
actual distribution. One example is that of images name tagged as giraffe
and geolocated in parks where the species does not occur (see Table 2).
Such issues can arise when people use the same captions for many im-
ages on Flickr. In the future, studies could explore using machine
learning methods to analyse image content which would identify dis-
crepancies between tags and image content. Use of machine learning
methods also mean that it is possible to harness large datasets to obtain
information about nature-based tourism (Gosal et al., 2019; Gosal & Ziv,
2020; Runge et al., 2020; Vaisanen et al., 2021; Wilkins et al., 2022).
Many users also do not post images with geolocation and timestamped
information for images on social media (Walden-Schreiner et al., 2018),
limiting the use of many images for monitoring spatial and temporal
patterns in encounters.

5. Conclusion

Our study illustrates that despite its limitations, geotagged, time-
stamped images from Flickr and their metadata can be a cost-effective
and useful tool, including in middle-income counties like South Africa,
to examine wildlife tourism preferences. We found that certain parks
and animals were popular while certain times were more favourable for
encountering wildlife with tourists generally being positive about their
experiences. These findings could inform wildlife tourism management
decisions to redistribute tourism pressure from overutilised to underu-
tilised areas. The same methods could also be used to examine tourist
interest in other animal groups, which in turn can benefit local com-
munities and wildlife conservation. This study provides baseline infor-
mation and there is a clear need for future joint research with parks
agencies using Flickr data for wildlife tourism management.
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