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Abstract

Establishing how wildlife viewing pressure is distributed across individual animals
within a population can inform the management of this activity, and ensure tar-
geted individuals or groups are sufficiently protected. Here, we used social media
data to quantify whether tourism pressure varies in a loggerhead sea turtle Caretta
caretta population and elucidate the potential implications. Laganas Bay (Zakyn-
thos, Greece) supports both breeding (migratory, and hence transient) and foraging
(resident) turtles, with turtle viewing representing a major component of the tour-
ism industry. Social media entries spanning two seasons (April to November, 2018
and 2019) were evaluated, and turtles were identified via photo-identification. For
the 2 years, 1684 and 2105 entries of 139 and 122 unique turtles were obtained
from viewings, respectively (boats and underwater combined). However, while resi-
dents represented less than one-third of uniquely identified turtles, they represented
81.9 and 87.9% of all entries. Even when the seasonal breeding population was
present (May to July), residents represented more than 60% of entries. Notably, the
same small number of residents (<10), mostly males, were consistently viewed in
both years; however, different individuals were targeted by boats versus underwa-
ter. Thus, turtles appear to remain in the area despite high viewing intensity, possi-
bly indicating low disturbance. However, photo-identification records revealed a
high risk of propeller and boat strike to residents (30%) leading to trauma and
mortality. To reduce this threat, we recommend the compulsory use of propeller
guards for all boats, compliance with speed regulations and the creation of tempo-
rary ‘refuge’ zones for resident animals at viewing hotspots, with these suggestions
likely being relevant for other wildlife with similar population dynamics. In conclu-
sion, social media represents a useful tool for monitoring individuals at a popula-
tion scale, evaluating the pressure under which they are placed, and providing
sufficient data to refine wildlife viewing guidelines and/or zoning.

Introduction

Ecotourism focusing on wildlife is a growing industry pro-
moting sustainable conservation and community development
through the economic benefits it generates (Kals, Schu-
macher & Montada, 1999; Balmford et al., 2015). Over the
last 20 years, this industry has expanded from targeting pri-
marily terrestrial species to include a wealth of marine fauna,
including marine mammals (e.g. Holcomb, Young & Gerber,
2009; Christiansen, Rasmussen & Lusseau, 2014), sea turtles
(e.g. Schofield et al., 2015), sharks (e.g. Cisneros-Mon-
temayor et al., 2013) and rays (e.g. Semeniuk et al., 2009;
Barr & Abelson, 2019). Parallel research on how this

industry impacts wildlife has led to contradictory results,
even within the same species, and is thought to be depen-
dent on the environment and activity of the animal (Gill
Norris & Sutherland, 2001; Williams, Lusseau & Hammond,
2009; New et al., 2013). Yet, it is important to quantify
how pressure derived from viewing varies both spatially and
temporally within a population to identify individuals or
groups (e.g. immature vs. adult animals, residents vs. non-
residents, or a particular sex) that are disproportionately tar-
geted, and the implications on survival and fitness (Holcomb
et al., 2009; Semeniuk et al., 2009; Christiansen & Lusseau,
2014). For instance resident animals tend to be subject to
higher viewing pressure than seasonal migrants, due to
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operators targeting sites known to be regularly used by resi-
dent individuals to guarantee viewings (Christiansen & Lus-
seau, 2014; Schofield et al., 2015; Barr & Abelson, 2019).

Wildlife watching is intrinsically linked with taking pho-
tographs, which creates opportunities to collect important
baseline data for ecological research at unprecedented spatial
and temporal scales (Dickinson et al., 2012; Toivonen et al.,
2019). Photo-identification is a minimally invasive approach
used to identify unique individuals in a given population,
and has become widely adopted by the scientific community,
from research on sea dragons to giraffes (Martin-Smith,
2011; Halloran, Murdoch & Becker, 2015). This approach is
also providing opportunities for the public to become directly
involved in projects as citizen scientists, by contributing their
photographs and increasing the quantity of available data
(Holmberg, Norman & Arzoumanian, 2008). The ubiquity of
mobile phones and image sharing (photographs and videos)
on social media presents another emerging image-based
resource for use in conservation science (Di Minin, Tenka-
nen & Toivonen, 2015; Toivonen et al., 2019). This medium
has great potential to provide qualitative and quantitative
information about various human–wildlife interactions,
including recreational fishing (e.g. Martin et al., 2014; Gio-
vos et al., 2018), wildlife trade (e.g. Di Minin et al., 2019)
and wildlife distributions (e.g. Baumbach et al., 2019; Casale
et al., 2020).

Sea turtles are globally threatened marine vertebrates that
are subjected to wildlife viewing both on land (during nest-
ing on beaches, e.g. Tisdell & Wilson, 2005) and in coastal
waters (Schofield et al., 2015). Several studies have already
attempted to infer the behavioural responses of turtles to the
presence of swimmers/snorkelers (e.g. Griffin et al., 2017;
Hayes et al., 2017). However, these studies are typically
conducted at small scales, with logistical issues limiting the
quantification of encounters at a large scale in space and
time. It has been previously demonstrated that the intensity
of viewing sea turtles in the marine environment changes
with the number of animals available for viewing, affecting
operator strategies approach and level of compliance with
existing guidelines, with implications for species that aggre-
gate in seasonal populations for breeding or foraging (Scho-
field et al., 2015). This staggered arrival or departure of
individuals likely leads to certain individuals or groups of
individuals being disproportionately targeted; however, the
tools to evaluate this phenomenon were not available until
recently.

Here, we aimed to address this knowledge gap at an
important breeding site for loggerhead sea turtles in the
Mediterranean by combining data derived from social media
and photo-identification techniques to evaluate whether wild-
life viewing activities disproportionately target certain indi-
viduals at a site used by both resident and migrant
individuals. Laganas Bay on Zakynthos, Greece, supports a
seasonal breeding aggregation of over 200 loggerhead sea
turtles Caretta caretta (from April to early August of each
year), but also a small population of resident male and
immature turtles (Schofield et al., 2015; Dujon et al., 2018).
This site was ideal for our study because it is also a popular

summer tourist destination in the Mediterranean, attracting
over 850 000 visitors between late-April and late-October,
and supporting wildlife-watching activities. We hypothesized
that resident turtles would be subject to greater viewing pres-
sure during the late part of the breeding season, when the
numbers of breeding turtles frequenting the site decline. The
results of this study are expected to demonstrate the utility
of social media in quantifying viewing pressure on certain
sub-groups in a given population, and providing evidence to
revise viewing guidelines with operator compliance.

Methods

Study site and species

Laganas Bay, on the Greek island of Zakynthos (Fig. 1a;
37◦430N, 20◦520E) hosts a major loggerhead sea turtle
nesting site, which is protected within the framework of
the National Marine Park of Zakynthos (NMPZ) established
in 1999 (Fig. 1a; Margaritoulis, 2005). The park encom-
passes a terrestrial zone which includes turtle nesting sites,
and a marine area divided into three zones to ensure pro-
tection of turtles during the entire nesting season. The mar-
itime zoning of the NMPZ was precautionary based,
reflecting the intensity of nesting activity on the six nesting
beaches, rather than the distribution of turtles in the water.
Consequently, no boating activity is allowed in Zone A,
where most nesting activity on beaches occurs; however,
boating at 6 knots is permitted in Zones B and C, where
over 70% of turtles aggregate in the marine area, resulting
in a large overlap in the distribution of tourists and turtles
in the nearshore coastal area (Zbinden et al., 2007; Scho-
field et al., 2013). Wildlife-watching activities were initi-
ated as an alternative source of income to water-sports for
the local community in Laganas Bay in the mid-1990s,
with the NMPZ providing guidelines aiming to minimize
pressures on turtles observed. Since 2018, these guidelines
have included a legislative act issued by the local coast
guard specifying minimum observation distances, durations
and number of vessels observing an animal. This activity
is currently estimated to service 180 000 tourists over 9000
trips per year, generating an annual revenue of over 2.7
million euros (data adjusted from Schofield et al., 2015,
setting 20 tourists per trip, 15 euros per ticket); however,
because 100s of turtles aggregate within 500 m of shore
(Schofield et al., 2017), it is possible to view them by
wading, snorkelling or swimming and from privately used
vessels (pedaloes, kayaks, private hire boats) (Schofield
et al., 2015). Snorkelling with sea turtles is not regulated
by law and it is allowed in all zones of the NMPZ.

The loggerhead sea turtle population of the Mediter-
ranean is currently listed in the category of Least Concern
in the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species (IUCN, 2020),
with its current status considered conservation dependent,
as a result of long-term conservation efforts (Casale, 2015).
Adult turtles migrate into Laganas Bay to mate as early as
March, with most adult males departing in late May,
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whereas females typically remain to nest from mid-May to
early August, at which point they depart for foraging
grounds up to 1000 km away (Schofield et al., 2013,
2020). Direct counts of turtles using unmanned autonomous
vehicles indicated the presence of up to 90 unique males
and 240 unique females in the breeding area in one season
(Schofield et al., 2017), falling within the range predicted
for previous years based on nest counts by Schofield et al.
(2015). Tracking of male and female sea turtles from
Zakynthos (n = 20 females, Zbinden et al., 2011; n = 55
males and females, Schofield et al., 2020) has demonstrated
that females migrate to other areas of the Mediterranean
following breeding, whereas around 30% of males remain
resident. This information has been corroborated with long-
term photo-identification records of over 1000 unique adult
male and females, as well as immature turtles (Schofield
et al., 2008, 2020). Residency was defined as turtles con-
tinuing to frequent the area from June onwards (for males),
after females have departed in early August (for females),
and at any time for immature turtles (Schofield et al.,
2013). Around 40 resident male and immature turtles have
been documented through the photo-identification database
(K. Papafitsoros, pers. obs.).

Collection of social media records

We used Instagram as the social media platform for this
study. While other platforms exist (e.g. Facebook, Flickr,
YouTube), we selected Instagram because it has a conve-
nient search method, via the use of hashtags (“#”). We
searched for social media videos and photographs (termed
entries) from 1 April to 30 November for 2018 and 2019,
with this period encompassing the entire tourist season (end
of April to end of October).

We searched Instagram using popular search-terms related
to our study site, as well as common associated locations
and common misspellings of these terms (see Supporting
Information for a full list). Hashtags (“#”) and searchable
locations in Instagram were used as convenient search frame-
works.

Searches were completed at least once a week to obtain
information in real-time, with retrospective searches being
used to confirm no entries were missed. We rejected entries
that clearly belonged to previous seasons (e.g. known turtles
that died in previous years) and entries used as advertise-
ments by tour agencies. For each entry included in our anal-
yses, we recorded the date uploaded, and date recorded, if

(a)
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Laganas Bay
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Laganas

Ag.Sostis
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Foraging
site
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Figure 1 (a) Southern part of Zakynthos Island (Greece) showing Laganas Bay and the maritime zoning of the National Marine Park of Zakyn-

thos. Black box represents the area where 85% of 1034 social media entries, for which the area could be detected, were obtained (repre-

senting 27% out of the total 3789 entries) including (b) Agios Sostis Port (labelled Port) and a foraging site used by resident turtles.

Photographs of (c) wildlife watching vessels observing a turtle and (d) a snorkeler photographing a turtle underwater. Photograph credits:

Kostas Papafitsoros.
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available from the caption. For 74 and 97 entries in 2018
and 2019, respectively, the date the images were acquired
was provided, of which 63 and 77 (85.1 and 79.4%) were
uploaded on the same date or the day after. Overall, the dis-
crepancy between the time an image was obtained to upload-
ing was a mean 3.2 days (SD = 9.4) and 3.4 days (SD = 9.1)
for 2018 and 2019. We also recorded whether the entries
were taken underwater (i.e. usually by people snorkelling/
swimming), above water (i.e. from a boat when the turtle
was breathing) or of turtles in the water from land (usually
the Agios Sostis Port area, Fig. 1). For images from boats,
we did not differentiate whether they were taken during an
organized wildlife tour or a privately hired boat or pedalo.
We did not use any personal information of people who
uploaded images. For each entry, we manually compared the
turtle image against those in our existing 20-year photo-iden-
tification database, containing over 1000 unique individuals
(Schofield et al., 2020). Photo-identification followed a vali-
dated approach using facial scute patterns (Fig. 2; Schofield
et al., 2008). Only images where facial scutes could be dis-
tinguished were used for our analyses (see Supporting Infor-
mation Figure S1). The entries were finally classified
depending on the location (i.e. underwater, from a boat, or
from land). Turtles from the social media entries were only
classified as new individuals in the database when the qual-
ity of the entry was high.

Risk of trauma

To assess risk of boat induced trauma, we searched all
records of resident turtles present in 2018 and 2019 in our

photo-identification database for evidence of damage to the
carapace. We first recorded the last date that individuals had
no trauma or no new trauma, and the date on which a new
trauma was detected, to confirm that trauma occurred during
the proximate season.

Data on the number of visitors arriving on Zakynthos
2018 and 2019 were obtained from the Hellenic Civil Avia-
tion Authority (http://www.ypa.gr). We used MATLAB to
visualize the data and to perform descriptive statistics
(means, standard deviations, calculation of Pearson correla-
tion coefficient).

Results

Instagram records and tourist numbers

We identified 1684 and 2105 (total: 3789) Instagram
entries between April and November 2018 and 2019,
respectively. In both years, the number of entries peaked in
July and August; these 2 months combined accounted for
>52% of entries in each year; Fig. 3; Supporting Informa-
tion Table S1). In both years, most entries were taken from
a boat (>65%), followed by underwater (>20%) and land
(about 6%) (Supporting Information Table S2). Because
very few individuals were documented from land, we did
not evaluate this component further. The monthly percent-
age of entries was strongly correlated with the
monthly number of airport arrivals (Pearson correlation
coefficient P = 0.9710 for 2018 and P = 0.9362 for 2019;
Fig. 3b).

t231

Acquired information:
Turtle ID: t231 non-resident

female( )
Type: underwater
Date uploaded: 21.06.2019
Date recorded: unknown
Entry detected via:

#carettacaretta
#zakynthos

Figure 2 Workflow for data extraction from social media entries. Photograph credits: Jo Farrow (left – used with permission), Kostas

Papafitsoros (right).
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Unique turtles identified from Instagram
records

In both years, about half of all entries were of sufficient
quality to be compared against the photo-identification data-
base (49 and 59% respectively). Identification was more suc-
cessful for underwater entries (66 and 78% for 2018 and
2019) compared to boat entries (41 and 49%) (Supporting
Information Table S2).

In 2018 and 2019, 139 and 122 unique individuals were
identified, respectively, of which 40 and 37 were residents
(Supporting Information Table S2). While residents repre-
sented just ~30% of all identified individuals, there was a
strong observation bias for this group (82% of entries in
2018 and 88% in 2019; Supporting Information Table S2).

Overall, 86 and 91% of boat entries, and 66 and 81% of
underwater entries, in 2018 and 2019 were of resident tur-
tles, respectively. Interestingly, residents that were heavily
targeted by boats in both years (5 mature males and 1
unknown; about 70% of entries in both years) had far fewer
underwater entries, with other residents being targeted under-
water, particularly in 2019 (Fig. 4). For instance four resi-
dents (all immature) accounted for 56% of underwater
entries in 2019. Of note, 44% of residents were recorded in
both years. Detailed numbers of entries per individual turtle
can be found in Supporting Information Figure S2.

Temporal variation in tourism pressure on
residents

In both years, even when breeding individuals were present
in June and July, resident turtles represented 60–70% of
entries, rising up to 100% of entries in August onwards,
after breeding individuals had departed (Fig. 5).

Risk of trauma

Overall, out of all 54 residents observed in 2018 and 2019,
17% (n = 9) had evidence of carapace damage by boats. Of

these, two individuals (both males) were only observed in
2019, and age of the injury could not be determined. The
other seven individuals, of which five were males, were
among the 24 residents documented in both years, all of
which had evidence of propeller injury on their carapace. Of
these seven individuals, three sustained new damage within
the 2019 season, of which one was fatal (ARCHELON,
unpubl. data). Another turtle sustained new damage at some
point between 2018 and 2019, one had been damaged within
the 2016 season, and the other two were already injured
when first observed (2016 and 2017 respectively) (Fig. 6).
Of note, four of these seven individuals (including the fatal-
ity) were among the top 10 residents observed by boats in
both 2018 and 2019 (Fig. 4; Supporting Information Fig-
ure S4).

Discussion

By combining social media with photo-identification, our
study confirmed that resident male and immature turtles are
subject to disproportionately higher levels of viewing both
by boats and in-water observers (swimmers/snorkelers). In
particular, this small group of up to 40 individuals accounted
for over 60% of total viewings, even when the entire sea-
sonal breeding population of over 200 individuals was pre-
sent. During both seasons, six resident individuals were
primarily targeted during boat observations, potentially
reflecting their high fidelity to particular locations and indi-
cating low disturbance by this activity. However, there is
strong evidence for very high risk of trauma or mortality to
these individuals, demonstrating the importance of ensuring
the national park authority and local turtle viewing operators
are made aware of their disproportionate use of resident tur-
tles, and the need to develop ways to ensure this major eco-
nomic resource is used wisely.

The high viewing pressure on resident turtles indicates
that operators are targeting a specific area of the bay where
these individuals are more likely to be found, forgoing ran-
dom searching for turtles, to guarantee viewings throughout
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the season. This supports the findings of Schofield et al.
(2015), who demonstrated that most boat-based watching
activity was concentrated in the vicinity of Agios Sostis to
Laganas Village (Fig. 1). Thus, even when migrant breeders
are present in the bay in large numbers, operators preferen-
tially target areas used by residents rather than randomly
searching for turtles. Previous telemetry studies (Dujon
et al., 2018) and long-term direct in-water observations con-
firm high utilization of this part of the bay by residents
(Papafitsoros & Schofield, 2016). Fidelity to foraging sites
has been widely recorded in sea turtle species (Limpus
et al., 1992; Broderick et al., 2007; Rees et al., 2013; Shi-
mada et al., 2020). Other species also exhibit high fidelity to
certain foraging or breeding locations (e.g. rays, Barr &
Abelson, 2019; sharks, Cisneros-Montemayor et al., 2013;
marine mammals, Christiansen & Lusseau, 2014), with these

studies demonstrating that these sites are targeted by opera-
tors to guarantee viewings. Consequently, bias in viewing
locations likely leads to greater pressure on certain individu-
als or groups in different periods. This study, however,
demonstrated that bias in viewing resident turtles remained
high, even when the population was inflated by the presence
of migrants.

However, the consistently high number of sightings of the
same six turtles by boats in both years and the four turtles
by swimmers/snorkelers in 2019 suggests that high viewing
pressure from boats or swimmers/snorkelers does not seem
to disrupt these individuals as they appeared to remain in the
same area. Viewing pressure on wildlife may lead to dis-
turbed individuals shifting to alternative sites (Semeniuk
et al., 2009; Williams et al., 2009). In other cases, increased
human disturbance has low impact (e.g. marine mammals
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Holcomb et al., 2009; New et al., 2013). Obtaining informa-
tion on animals targeted by swimmers/snorkelers who are
not part of organized groups is logistically challenging (e.g.
marine mammals, King & Heinen, 2004; Dans, Crespo &
Coscarella, 2017, sea turtles, Griffin et al., 2017) but social
media here provided an opportunity to explore the impact of
this phenomenon. The extent of impact is considered to be
strongly linked to the habitat and behaviour of the animals
using it (Gill et al., 2001; Williams et al., 2009). High view-
ing pressure might trigger avoidance behaviour and, thus,
impact the energy expenditure of individuals or their ability
to accumulate energetic reserves, such as foraging efficiency
or energy conservation strategies (Fossette et al., 2012;
Christiansen, Rasmussen & Lusseau, 2013). This is a poten-
tial issue in our case, as the resident turtles were foraging on
molluscs submerged in sandbanks (representing residents,
typically adult males, primarily targeted by boats) or on
sponges in reefs immediately adjacent to shore (representing
residents, typically immature turtles, primarily targeted by
swimmers/snorkelers) (K. Papafitsoros and G. Schofield,
pers. obs.). In particular, while underwater viewings were
spread among a large number of individuals in 2018, this
changed in 2019, which might have been due to a key forag-
ing site being made accessible, altering the dynamic of
underwater viewings (Fig. 1; Supporting Information Fig-
ure S3). This demonstrates that social media could be used
to identify shifts in viewing pressure facilitating evidence-
based management of this activity (Sutherland et al., 2004).

In addition to swimming/snorkelling with animals poten-
tially impacting the ability of animals to build sufficient
energy reserves, high and repeated exposure to boats could
increase the risk of trauma or mortality to individuals
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through propeller and boat strikes, as documented for sea
turtles (Arianoutsou, 1988; Denkinger et al., 2013; Lester
et al., 2013), and other species (e.g. bottlenose dolphins,
Wells & Scott, 1997, manatees, Calleson & Frohlich, 2007).
It was recently shown that adult males that breed on Zakyn-
thos have a much lower annual survival rate than females,
and that males tend to use habitats directly adjacent to shore
when foraging (Schofield et al., 2020). These suggestions
based on Fastloc-GPS tracking data are directly supported by
the social media entries assimilated in this study, showing
the nearshore use of adult male turtles plus the increased risk
of boat strike. Based on the first six years of the photo-iden-
tification database (2000–2006), Schofield et al. (2013) esti-
mated that over 40% of turtles frequenting the NMPZ
marine area had sustained some sort of physical injury from
human activities (boat strikes and fishing gear). This study
confirms propeller strikes represent a major threat to resident
turtles; however, it was not possible to determine whether
these injuries arise during organized wildlife watching activi-
ties, by private-hired boats operated by tourists, or other
unidentified causes (e.g. illegal fishing boat activity).

The high risk of trauma or mortality to turtles due to pro-
peller or boat strike should be of concern to operators
(Keough & Blahna, 2006; Duprey, Weir & W€ursig, 2008;
Cisneros-Montemayor et al., 2013), particularly as this indus-
try is dependent on viewing residents during the peak tourist
season from August onwards when most migrants have
departed, which was clearly shown by the social media
entries. Operators tend to comply with existing guidelines
only when sufficient numbers of turtles are present (Scho-
field et al., 2015). Our results allow us to quantify the value
of viewed turtles to operators, which might alter their interest
in complying withregulations. Specifically, resident turtles
represent 80% of the annual viewing revenue which is esti-
mated at more than 2.7 million euros. Of note is the fact that
with 70% of viewings being attributed to the same six resi-
dents in both years, each resident essentially contributes an
estimated 315 000 euros per year (6-month viewing period)
to the local economy, which is a significant amount when
compared to the minimum Greek wage over the same 6-
month period (4200 euros). Without question, preventing
human-induced mortality of male turtles should be a man-
agement focus, particularly in light of the known lower sur-
vival rates of males in this population (Schofield et al.,
2020), the lower relative numbers of adult males present in
the breeding population (one male to four females; Schofield
et al., 2017) and the fact that offspring production is
strongly female biased globally, with that bias possibly per-
sisting in the adult populations (Hays, Mazaris & Schofield,
2014). Wildlife watching vessels have been shown to primar-
ily use a restricted area of the bay (Schofield et al., 2015),
which overlaps with the area frequented by resident male
and immature turtles for foraging (based on Fastloc-GPS
tracking data; Dujon et al., 2018), particularly the key six
individuals (K. Papafitsoros, pers. obs.).

An important management intervention could include the
compulsory use of propeller guards on all viewing and pri-
vate vessels used within Laganas Bay, which combined with

a strong enforcement of the current 6 knot limit in maritime
zones B and C, could significantly reduce propeller strikes in
this focal area. While propeller guards are widely advocated
as measures to protect marine vertebrates from trauma (e.g.
dolphins, Dwyer et al., 2014, and whales, Visser, 1999),
Work et al. (2010) demonstrated that they only mitigated
trauma to sea turtles at low boat speeds (e.g. <4 knots).
Thus, propeller guards and propeller-free propulsion systems
must be used in combination with other mitigation measures
(such as boat speed and zoning) (Schoeman, Patterson-Abro-
lat & Pl€on, 2020). Due to the strong overlap in operator area
use with resident turtle area use (Schofield et al., 2013,
2015; Dujon et al., 2018), another possible solution could be
to restrict the use of this part of the bay (currently the least
restricted maritime zone C or key foraging sites; Fig. 1),
with a temporary (time of day or day of month) no-entry
‘refuge’ zone for residents (Williams et al., 2009). The
restriction of unregulated recreational craft has been shown
to have a positive impact on killer whales and dolphins
(Jelinski, Krueger & Duffus, 2002; Duprey et al., 2008).
However, on the flipside, encouraging operators and other
vessels to change area use, would lead to increased viewings
of reproductive females. Our results showed that boat and
underwater viewing pressure on reproductive females is cur-
rently relatively low, corroborating previous inferences
(Schofield et al., 2015). However, the energetic cost to
breeding female turtles, even when observed by visitors at
low intensities, might be disproportionately high (e.g. as doc-
umented for cetaceans by Christiansen & Lusseau, 2014), as
any disturbance can result in strong avoidance behaviour,
impacting how they allocate energetic resources and, hence,
reproductive capacity (Fossette et al., 2012). Consequently,
implementing refuge zones for residents presents an uncer-
tain level of risk, since we do not know whether females
adjust their habitat use in response to encounter rates with
people/vessels or other anthropogenic disturbances (Johnson,
Bjorndal & Bolten, 1996), and whether such changes nega-
tively impact the access to resources sought by females to
optimize reproduction. Schofield et al. (2009) showed that
turtles further offshore from May to July, but associated this
with an increase in sea temperature. Furthermore, Omeyer
et al. (2019) did not detect any change to nest site fidelity
of loggerhead and green turtles following the attachment of
satellite tracking devices; however, attachments are one off
events, rather than sustained repeated encounters. Thus, the
effort to develop strategies to establish whether human activ-
ities alter the in-water distribution of turtles is required.

Stakeholders must be committed to implementing mea-
sures that mitigate trauma to ensure compliance to guidelines
(Sirakaya, 1997; Duprey et al., 2008). For this reason, we
quantified the economic value of resident turtles based on
the income generated across the season so that wildlife
watching operators could perceive the pressure on certain
individuals and their worth to their businesses (Richardson
& Loomis, 2009). These data could be for instance directly
conveyed to operators by the national park each year. The
information about the resident turtles could also be used as
an educational tool to engage tourists and demonstrate the
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interest/involvement of operators in protecting animals,
potentially upgrading the experience and satisfaction given to
visitors at this site (Catlin & Jones, 2010).

Of note, this study was dependent on photographs and
videos that were uploaded on social media; consequently, it
was not possible to gain information on potential anthro-
pogenic pressure for which photographs were not available.
For instance the risk of boat-strike to turtles might be higher
in areas with heavier boat traffic or greater speed violations
during the tourist season, or nearshore fishing activity (pri-
marily in winter). Such issues should be a research priority
in future studies.

Conclusion

This study demonstrated that social media is a useful plat-
form for quantifying the intensity of human pressure on indi-
vidual animals at the population level, and how such
pressure varies over time. Through using social media data,
we confirmed that viewing pressure is disproportionately
biased towards very small numbers of resident turtles, even
when large numbers of breeding individuals are present. This
bias likely occurs for other taxa where viewing encompasses
mixed resident and migrant populations; however, due to
their different habitat needs, operators probably target sites
where individuals are consistently present across a season
(i.e. those used by residents) to ensure sighting opportunities
for tourists. Thus, social media represents a useful approach
towards distinguishing bias in wildlife viewing and changes
to this bias. It further provides a means to quantify the eco-
nomic value of targeted individuals to operators, providing a
strong incentive to comply and even contributing towards
strengthening regulations.
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Figure S1. Example of inspected Instagram photos: (a)
Example of photograph that was of good enough quality for
photo-identification (b) Example of photograph of medium
quality but still sufficient for photo-identification (c) Example
of photograph of insufficient quality for photo-identification
but still possible to be identified as a male (d) Example of a
photograph of insufficient quality to identify individual or
sex (Note: many times males hide tails under the carapace).
Photograph credits: (a) Giannis Xenos, (b-c) R�emi Rossignol,
(d) Margarita Koulouri, used with permission.
Figure S2. Number of Instagram entries per turtle for

boats (top) and underwater (bottom) entries for 2018 (left)
and 2019 (right). Grey and white bars denote resident and
non-resident individuals respectively. The x-axis labels dis-
plays the database code names of the uniquely identified
individuals while the bold numbers (1-10) correspond to the
coding of the 10 individuals in Figure 4. Only individuals
with more than 1 entry are shown.
Figure S3. (a-c) Documentation of the intense swimmer

pressure on the foraging site of Agios Sostis (Figure 1(b))
during August-September 2019, frequently used by the four
above individuals “t323”, “t243”, “t441”, “t398” (coded with
“7”, “8”, “9”, “10” in Figure 4). (a) & (c): individual “t243”
on 5 September 2019. (b): individual “t398” on 3 September
2019. (d): Individual “t323”, swimming next to a boat pro-
peller under simultaneous viewing by swimmers and boat,
20 August 2018. Photograph credits: Kostas Papafitsoros.
Figure S4. Documentation of recent boat injuries to resi-

dent turtles of Laganas Bay: (a1-a2) Resident male “t235” on
11 June 2019 (a1) and 1 September 2019 (a2). (b1-b2) Resi-
dent immature turtle (“8” in Figure 4) on 5 September 2019
(b1) and end of September 2019 (b2). Note: this individual
was 8th in the boat viewings in 2019, see top left bar plot
in Supplementary Figure 2. (c1-c4) Resident male (“1” in
Figure 4), 6 July 2018 (c1), 20 June 2019 (c2), 19 June
2019 (c3) (note the fishing line coming out from the cloaca)
and 26 July 2019 (c4). Note: this individual was 1st and 4th

in boat viewings in 2018 and 2019 respectively (1st in 2019
as well when considering viewings only until 26 July 2019).

The animal eventually died in ARCHELON rescue center,
September 2019. (d1-d2) Resident male “X026” on 23 June
2018 (d1) and 16 June 2019 (d2). (e1-e2) Resident male (“3”
in Figure 4) on 23 June 2016 (e1) and 2 October 2016 (e2).
Note: this individual was 3rd and 5th in the boat viewings in
2018 and 2019, respectively. Photograph credits: Kostas
Papafitsoros apart from (b2) Lisa Matthiesen and (c4) Gior-
gos Rallis, both used with permission.
Figure S5. Number of Instagram entries for the top 10

individuals “1”-“10” of Figure 4 for 2018 (light grey) and
2019 (dark grey). All bars denote number of entries in 3
days interval. 1. Database code “t110”, resident male: First
in boat entries in 2018, and very intensely observed in 2018
and 2019 until 26 July 2019 (dashed line), when it was
fatally injured by a propeller possibly during turtle spotting
activities. 2. Database code “t073”, resident, sex not deter-
mined: Similar entry distribution pattern in both years, with
30 very few entries at the end of May, no entries in the fol-
lowing two months, with a sharp increase from August
onwards at the end of the nesting season. 3. Database code
“t033”, resident male: Similar temporally uniform pattern in
both years. Notice the gap between 22 June 2019-27 July
2019 (dashed lines), in which it was absent from the area.
The turtle was transferred to ARCHELON rescue center with
a hook and was released from Athens on 3 July 2019,
returning to Zakynthos in just over 3 weeks. 4. Database
code “t396”, resident male: Uniform entry distribution pat-
tern in both years. 5. Database code “t023”, resident male:
Uniform entry distribution pattern in both years. 6. Database
code “t025”, resident male: Uniform entry distribution pat-
tern in both years. 7-10. Database codes “t323”, “t243”,
“t441”, “t398”, all resident immature turtles: Number of
entries increased in August-September 2019, possibly due to
parallel increase in tourist numbers using the same area, see
also Supplementary figure 3. Individual “t441” was not
observed in 2018. Photograph credits: Kostas Papafitsoros.
Table S1. Monthly number and percentages of inspected

Instagram entries and tourists for 2018 and 2019. Tourist
numbers represent the monthly number of air passenger arri-
vals according to the Hellenic Civil Aviation Authority
(CAA) (http://www.ypa.gr).
Table S2. Numbers and percentages of boat, underwater

and land entries for 2018 and 2019. Each column is further
broken down to non-identified and identified entries, and
whether individuals were non-residents, old (existing) resi-
dents and (potentially) newly detected residents. The last col-
umn contains numbers and percentages of the identified
individuals for both years. Red values are the percentage of
unidentified and identified turtles in boat, underwater, land
and all entries in a given year. Green values are the percent-
age of boat, underwater, and land entries versus all entries in
a given year. Blue values are the percentage of non-resi-
dents, old residents, and new residents versus the total num-
ber of individuals identified in a given year.
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