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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 targeted 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 (Zakynthos, Greece) supports both breeding (migratory, and hence transient) and foraging
(resident) turtles, with turtle viewing representing a major component of the tourism 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 residents 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 underwater. Thus, turtles appear to remain in the area despite high viewing intensity, possibly 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 temporary ‘refuge’ zones for resident animals at viewing hotspots, with these suggestions
likely being relevant for other wildlife with similar population dynamics. In conclusion, social media represents a useful tool for monitoring individuals at a population 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 promoting sustainable conservation and community development
through the economic beneﬁts it generates (Kals, Schumacher & Montada, 1999; Balmford et al., 2015). Over the
last 20 years, this industry has expanded from targeting primarily 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-Montemayor 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 dependent 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. nonresidents, or a particular sex) that are disproportionately targeted, 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 resident individuals to guarantee viewings (Christiansen & Lusseau, 2014; Schoﬁeld et al., 2015; Barr & Abelson, 2019).
Wildlife watching is intrinsically linked with taking photographs, 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, Tenkanen & 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; Giovos 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 nesting 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 aggregate in seasonal populations for breeding or foraging (Schoﬁeld 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 wildlife viewing activities disproportionately target certain individuals 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
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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 pressure 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◦430 N, 20◦520 E) 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 encompasses a terrestrial zone which includes turtle nesting sites,
and a marine area divided into three zones to ensure protection of turtles during the entire nesting season. The maritime 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; Schoﬁeld et al., 2013). Wildlife-watching activities were initiated 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 Mediterranean 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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Figure 1 (a) Southern part of Zakynthos Island (Greece) showing Laganas Bay and the maritime zoning of the National Marine Park of Zakynthos. Black box represents the area where 85% of 1034 social media entries, for which the area could be detected, were obtained (representing 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.

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 longterm 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 continuing 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 convenient 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 frameworks.
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 advertisements by tour agencies. For each entry included in our analyses, we recorded the date uploaded, and date recorded, if
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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 discrepancy between the time an image was obtained to uploading 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-identiﬁcation database, containing over 1000 unique individuals
(Schoﬁeld et al., 2020). Photo-identiﬁcation followed a validated approach using facial scute patterns (Fig. 2; Schoﬁeld
et al., 2008). Only images where facial scutes could be distinguished were used for our analyses (see Supporting Information 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 quality 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
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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 Aviation Authority (http://www.ypa.gr). We used MATLAB to
visualize the data and to perform descriptive statistics
(means, standard deviations, calculation of Pearson correlation 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 Information 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 percentage 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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Figure 3 Number of social media entries (bars) (a) daily and (b) monthly versus the number of tourists (lines) each month from 1 April to 30
November of 2018 (light grey) and 2019 (dark grey). Horizontal bars below the chart show the period when residents and migratory breeding
females and males are present.

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 database (49 and 59% respectively). Identiﬁcation was more successful 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 represented 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 turtles, 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 underwater, particularly in 2019 (Fig. 4). For instance four residents (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 fatality) were among the top 10 residents observed by boats in
both 2018 and 2019 (Fig. 4; Supporting Information Figure 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 seasonal breeding population of over 200 individuals was present. During both seasons, six resident individuals were
primarily targeted during boat observations, potentially
reﬂecting their high ﬁdelity to particular locations and indicating 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 turtles, and the need to develop ways to ensure this major economic 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 random searching for turtles, to guarantee viewings throughout
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Figure 4 Relative number of entries of uniquely identified resident (light to dark grey shading) and migrant (white shading) individuals from
boat and underwater sightings in 2018 (n = 497 and 234 entries) and 2019 (n = 673 and 464 entries). 1–6 (dark grey) = six uniquely identified resident individuals sighted in both years that represented a large portion of boat entries; 7–10 = other individuals of note representing
a large portion of underwater entries in 2019; R2 (intermediate grey) = other residents sighted in both years; R1 (light grey) = residents
sighted in one of the two years. N for R2, R1 and M represents the number of unique individuals within that group.

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 preferentially 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 conﬁrm 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; Shimada 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 operators to guarantee viewings. Consequently, bias in viewing
locations likely leads to greater pressure on certain individuals 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 disturbed 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 information 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 viewing 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 potential 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 foraging site being made accessible, altering the dynamic of
underwater viewings (Fig. 1; Supporting Information Figure S3). This demonstrates that social media could be used
to identify shifts in viewing pressure facilitating evidencebased management of this activity (Sutherland et al., 2004).
In addition to swimming/snorkelling with animals potentially 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

Figure 6 Boat trauma (percentage) recorded for (a) all 54 documented residents recorded across the two survey years (n = 9), the 24 residents recorded in both years (n = 7), and the 10 most frequently sighted residents by boats (n = 4). Examples of boat trauma sustained by
two residents within the 2019 season: (b) t235, a male showing no trauma in 2016 and June 2019, but boat trauma sustained by September
2019; (c) t110, (“1” in Fig. 4) a male showing no trauma in 2018, a healed trauma in June 2019 (sustained at some point between 2018 and
2019) and fatal trauma sustained in July 2019. This individual died in September 2019 after being sent for treatment to the ARCHELON rescue centre, Athens. Photograph credits: Kostas Papafitsoros apart from bottom right photograph (Giorgos Rallis, used with permission).
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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 Zakynthos 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-identiﬁcation database (2000–2006), Schoﬁeld et al. (2013) estimated 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 activities, 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 propeller 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 industry 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 (Schoﬁeld 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 estimated at more than 2.7 million euros. Of note is the fact that
with 70% of viewings being attributed to the same six residents 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 6month period (4200 euros). Without question, preventing
human-induced mortality of male turtles should be a management focus, particularly in light of the known lower survival 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 persisting in the adult populations (Hays, Mazaris & Schoﬁeld,
2014). Wildlife watching vessels have been shown to primarily 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 private vessels used within Laganas Bay, which combined with
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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-Abrolat & 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 currently 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 documented 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 uncertain 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 negatively 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 activities alter the in-water distribution of turtles is required.
Stakeholders must be committed to implementing measures 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 anthropogenic 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 (primarily in winter). Such issues should be a research priority
in future studies.

Conclusion
This study demonstrated that social media is a useful platform for quantifying the intensity of human pressure on individual 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 economic value of targeted individuals to operators, providing a
strong incentive to comply and even contributing towards
strengthening regulations.

Acknowledgements
The authors thank George Valais for logistical support and
Ioannis Giovos for useful discussions. The ﬁrst author
acknowledges the support of the Oceanic Society through a
SWOT small grant 2017.

References
Arianoutsou, M. (1988). Assessing the impacts of human
activities on nesting of loggerhead sea-turtles (Caretta
caretta L.) on Zakynthos island, western Greece. Environ.
Conserv. 15, 327–334. https://doi.org/10.1017/
S0376892900029829.
Balmford, A., Green, J.M.H., Anderson, M., Beresford, J.,
Huang, C., Naidoo, R., Walpole, M. & Manica, A. (2015).
Walk on the wild side: Estimating the global magnitude of
visits to protected areas. PLOS Biol. 13, 1–6. https://doi.org/
10.1371/journal.pbio.1002074.
Barr, Y. & Abelson, A. (2019). Feeding-cleaning trade-off:
Manta ray “Decision-Making” as a conservation tool. Front.
Mar. Sci. 6, 88. https://doi.org/10.3389/fmars.2019.00088.

Social media reveals disproportionate tourism pressure on wildlife

Baumbach, D.S., Anger, E.C., Collado, N.A. & Dunbar, S.G.
(2019). Identifying sea turtle home ranges utilizing citizenscience data from novel web-based and smartphone GIS
Applications. Chelonian Conserv. Biol. 18, 133–144.
https://doi.org/10.2744/CCB-1355.1.
Broderick, A.C., Coyne, M.S., Fuller, W.J., Glen, F. &
Godley, B.J. (2007). Fidelity and over-wintering of sea
turtles. Proc. R. Soc. B 274, 1533–1539. https://doi.org/10.
1098/rspb.2007.0211.
Calleson, C.S. & Frohlich, R.K. (2007). Slower boat speeds
reduce risks to manatees. Endanger. Species Res. 3, 295–
304. https://doi.org/10.3354/esr00056.
Casale, P. (2015). Caretta caretta (Mediterranean
subpopulation). The IUCN Red List of Threatened Species
2015. https://doi.org/10.2305/IUCN.UK.2015-4.RLTS.
T83644804A83646294.en.
Casale, P., Ciccocioppo, A., Vagnoli, G., Rigoli, A., Freggi,
D., Tolve, L. & Luschi, P. (2020). Citizen science helps
assessing spatio-temporal distribution of sea turtles in
foraging areas. Aquat. Conserv.: Mar. Freshw. Ecosyst. 30,
123–130. https://doi.org/10.1002/aqc.3228.
Catlin, J. & Jones, R. (2010). Whale shark tourism at
Ningaloo Marine Park: a longitudinal study of wildlife
tourism. Tour. Manag. 31, 386–394. https://doi.org/10.1016/
j.tourman.2009.04.004.
Christiansen, F. & Lusseau, D. (2014). Understanding the
ecological effects of whale-watching on cetaceans. In
Whale-watching: 177–192. Higham, J., Bejder, L. &
Williams, R. (Eds). Cambridge University Press. https://doi.
org/10.1017/CBO9781139018166.016.
Christiansen, F., Rasmussen, M.H. & Lusseau, D. (2013).
Inferring activity budgets in wild animals to estimate the
consequences of disturbances. Behav. Ecol. 24, 1415–1425.
https://doi.org/10.1093/beheco/art086.
Christiansen, F., Rasmussen, M.H. & Lusseau, D. (2014).
Inferring energy expenditure from respiration rates in minke
whales to measure the effects of whale watching boat
interactions. J. Exp. Mar. Biol. Ecol. 459, 96–104. https://d
oi.org/10.1016/j.jembe.2014.05.014.
Cisneros-Montemayor, A.M., Barnes-Mauthe, M., AlAbdulrazzak, D., Navarro-Holm, E. & Sumaila, U.R.
(2013). Global economic value of shark ecotourism:
implications for conservation. Oryx 47, 381–388. https://doi.
org/10.1017/S0030605312001718.
Dans, S.L., Crespo, E.A. & Coscarella, M.A. (2017). Wildlife
tourism: underwater behavioral responses of South
American sea lions to swimmers. Appl. Anim. Behav. Sci.
188, 91–96. https://doi.org/10.1016/j.applanim.2016.12.010.
Denkinger, J., Parra, M., Mu~noz, J.P., Carrasco, C., Murillo,
J.C., Espinosa, E., Rubianes, F. & Koch, V. (2013). Are
boat strikes a threat to sea turtles in the Galapagos Marine
Reserve? Ocean Coast. Manag. 80, https://doi.org/10.1016/j.
ocecoaman.2013.03.005.
Di Minin, E., Fink, C., Hiippala, T. & Tenkanen, H. (2019).
A framework for investigating illegal wildlife trade on

Animal Conservation  (2020) – ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London 9

Social media reveals disproportionate tourism pressure on wildlife

social media with machine learning. Conserv. Biol. 33, 210–
213. https://doi.org/10.1111/cobi.13104
Di Minin, E., Tenkanen, H. & Toivonen, T. (2015). Prospects
and challenges for social media data in conservation
science. Front. Environ. Sci. 3, 63. https://doi.org/10.3389/fe
nvs.2015.00063.
Dickinson, J.L., Shirk, J., Bonter, D., Bonney, R., Crain, R.L.,
Martin, J., Phillips, T. & Purcell, K. (2012). The current
state of citizen science as a tool for ecological research and
public engagement. Front. Ecol. Environ. 10, 291–297.
https://doi.org/10.1890/110236.
Dujon, A.M., Schoﬁeld, G., Lester, R.E., Papaﬁtsoros, K. &
Hays, G.C. (2018). Complex movement patterns by foraging
loggerhead sea turtles outside the breeding season identiﬁed
using Argos-linked Fastloc-Global Positioning System. Mar.
Ecol. 39, e12489. https://doi.org/10.1111/maec.12489.
Duprey, N.M.T., Weir, J.S. & W€ursig, B. (2008).
Effectiveness of a voluntary code of conduct in reducing
vessel trafﬁc around dolphins. Ocean Coast. Manag. 51,
632–637. https://doi.org/10.1016/j.ocecoaman.2008.06.013.
Dwyer, S.L., Kozmian-Ledward, L. & Stockin, K.A. (2014).
Short-term survival of severe propeller strike injuries and
observations on wound progression in a bottlenose dolphin.
New Zeal. J. Mar. Fresh. 48, 294–302. https://doi.org/10.
1080/00288330.2013.866578.
Fossette, S., Schoﬁeld, G., Lilley, M.K.S., Gleiss, A.C. &
Hays, G.C. (2012). Acceleration data reveal the energy
management strategy of a marine ectotherm during
reproduction. Funct. Ecol. 26, 324–333. https://doi.org/10.
1111/j.1365-2435.2011.01960.x.
Gill, J., Norris, K. & Sutherland, W.J. (2001). Why
behavioural responses may not reﬂect the population
consequences of human disturbance. Biol. Conserv. 97,
265–268. https://doi.org/10.1016/S0006-3207(00)00002-1.
Giovos, I., Keramidas, I., Antoniou, C., Deidun, A., Font, T.,
Kleitou, P., Lloret, J., Matic-Skoko, S., Said, A., Tiralongo,
F. & Moutopoulos, D.K. (2018). Identifying recreational
ﬁsheries in the Mediterranean Sea through social media.
Fish. Manage. Ecol. 25, 287–295. https://doi.org/10.1111/
fme.12293.
Grifﬁn, L.P., Brownscombe, J.W., Gagne, T.O., Wilson,
A.D.M., Cooke, S.J. & Danylchuk, A.J. (2017). Individuallevel behavioral responses of immature green turtles to
snorkeler disturbance. Oecologia 183, 909–917. https://doi.
org/10.1007/s00442-016-3804-1.
Halloran, K.M., Murdoch, J.D. & Becker, M.S. (2015).
Applying computer-aided photo-identiﬁcation to messy
datasets: a case study of Thornicroft’s giraffe (Giraffa
camelopardalis thornicrofti). Afr. J. Ecol. 53, 147–155.
https://doi.org/10.1111/aje.12145.
Hayes, C.T., Baumbach, D.S., Juma, D. & Dunbar, S.G.
(2017). Impacts of recreational diving on hawksbill sea
turtle (Eretmochelys imbricata) behaviour in a marine
protected area. J. Sustain. Tour. 25, 79–95. https://doi.org/
10.1080/09669582.2016.1174246.

K. Papafitsoros, A. Panagopoulou and G. Schofield

Hays, G.C., Mazaris, A.D. & Schoﬁeld, G. (2014). Different
male vs. female breeding periodicity helps mitigate offspring
sex ratio skews in sea turtles. Front. Mar. Sci. 1, 43.
https://doi.org/10.3389/fmars.2014.00043.
Holcomb, K., Young, J.K. & Gerber, L.R. (2009). The
inﬂuence of human disturbance on California sea lions
during the breeding season. Anim. Conserv. 12, 592–598.
https://doi.org/10.1111/j.1469-1795.2009.00290.x.
Holmberg, J., Norman, B. & Arzoumanian, Z. (2008). Robust,
comparable population metrics through collaborative photomonitoring of whale sharks Rhincodon typus. Ecol. Appl.
18, 222–233. https://doi.org/10.1890/07-0315.1.
IUCN. (2020). The IUCN Red List of Threatened Species.
Version 2020–2. Available at https://www.iucnredlist.org
Jelinski, D.E., Krueger, C.C. & Duffus, D.A. (2002).
Geostatistical analyses of interactions between killer whales
(Orcinus orca) and recreational whale-watching boats. Appl.
Geogr. 22, 393–411. https://doi.org/10.1016/S0143-6228(02)
00051-6.
Johnson, S.A., Bjorndal, K.A. & Bolten, A.B. (1996). Effects
of organized turtle watches on loggerhead (Caretta caretta)
nesting behavior and hatchling production in Florida.
Conserv. Biol. 10, 570–577. https://doi.org/10.1046/j.15231739.1996.10020570.x.
Kals, E., Schumacher, D. & Montada, L. (1999). Emotional
afﬁnity toward nature as a motivational basis to protect
nature. Environ. Behav. 31, 178–202. https://doi.org/10.
1177/00139169921972056.
Keough, H.L. & Blahna, D.J. (2006). Achieving integrative,
collaborative ecosystem management. Conserv. Biol. 20,
1373–1382. https://doi.org/10.1111/j.1523-1739.2006.00445.
x.
King, J.M. & Heinen, J.T. (2004). An assessment of the
behaviors of overwintering manatees as in- ﬂuenced by
interactions with tourists at two sites in central Florida. Biol.
Conserv. 117, 227–234. https://doi.org/10.1016/j.biocon.
2003.07.001.
Lester, L.A., Avery, H.W., Harrison, A.S. & Standora, E.A.
(2013). Recreational boats and turtles: behavioral
mismatches result in high rates of injury. PLoS One 8.
https://doi.org/10.1371/journal.pone.0082370.
Limpus, C.J., Miller, J.D., Paramenter, C.J., Reimer, D.,
McLachlan, N. & Webb, R. (1992). Migration of green
(Chelonia mydas) and loggerhead (Caretta caretta) turtles to
and from eastern Australian rookeries. Wildl. Res. 19, 347–
357. https://doi.org/10.1071/WR9920347.
Margaritoulis, D. (2005). Nesting activity and reproductive
output of loggerhead sea turtles, Caretta caretta, over 19
Seasons (1984–2002) at Laganas Bay, Zakynthos, Greece:
The largest rookery in the Mediterranean. Chelonian
Conserv. Biol. 4, 916–929.
Martin, D.R., Chizinski, C.J., Eskridge, K.M. & Pope, K.L.
(2014). Using posts to an online social network to assess
ﬁshing effort. Fish. Res. 157, 24–27. https://doi.org/10.1016/
j.fishres.2014.03.013.

10Animal Conservation  (2020) – ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London

K. Papafitsoros, A. Panagopoulou and G. Schofield

Martin-Smith, K.M. (2011). Photo-identiﬁcation of individual
weedy seadragons Phyllopteryx taeniolatus and its
application in estimating population dynamics. J. Fish Biol.
78, 1757–1768. https://doi.org/10.1111/j.1095-8649.2011.
02966.x.
New, L.F., Harwood, J., Thomas, L., Donovan, C., Clark, J.S.,
Hastie, G., Thompson, P.M., Cheney, B., Scott-Hayward, L.
& Lusseau, D. (2013). Modelling the biological signiﬁcance
of behavioural change in coastal bottlenose dolphins in
response to disturbance. Funct. Ecol. 27, 314–322. https://d
oi.org/10.1111/1365-2435.12052.
Omeyer, L.C.M., Fuller, W.J., Godley, B.J., Snape, R.T.E. &
Broderick, A.C. (2019). The effect of biologging systems on
reproduction, growth and survival of adult sea turtles. Mov.
Ecol. 7, https://doi.org/10.1186/s40462-018-0145-1.
Papaﬁtsoros, K. & Schoﬁeld, G. (2016). Focal photograph
surveys: foraging resident male interactions and female
interactions at ﬁsh-cleaning stations. Proceedings of the
36th annual symposium on sea turtle biology and
conservation, Lima.
Rees, A.F., Margaritoulis, D., Newman, R., Riggall, T.E.,
Tsaros, P., Zbinden, J.A. & Godley, B.J.(2013). Ecology of
loggerhead marine turtles Caretta caretta in a neritic
foraging habitat: movements, sex ratios and growth rates.
Mar. Biol. 160, 519–529. https://doi.org/10.1007/s00227012-2107-2.
Richardson, L. & Loomis, J. (2009). The total economic value
of threatened, endangered and rare species: an updated
meta-analysis. Ecol. Econ. 68, 1535–1548. https://doi.org/10.
1016/j.ecolecon.2008.10.016.
Schoeman, R.P., Patterson-Abrolat, C. & Pl€on, S. (2020). A
global review of vessel collisions with marine animals.
Front. Mar. Sci. 7, 292. https://doi.org/10.3389/fmars.2020.
00292.
Schoﬁeld, G., Bishop, C.M., Katselidis, K.A., Dimopoulos, P.,
Pantis, J.D. & Hays, G.C. (2009). Microhabitat selection by
sea turtles in a dynamic thermal marine environment. J.
Anim. Ecol. 78, 14–21. https://doi.org/10.1111/j.1365-2656.
2008.01454.x.
Schoﬁeld, G., Katselidis, K.A., Dimopoulos, P. & Pantis, J.D.
(2008). Investigating the viability of photo- identiﬁcation as
an objective tool to study endangered sea turtle populations.
J. Exp. Mar. Biol. Ecol. 360, 103–108. https://doi.org/10.
1016/j.jembe.2008.04.005.
Schoﬁeld, G., Katselidis, K.A., Lilley, M.K.S., Reina, R.D.
& Hays, G.C. (2017). Detecting elusive aspects of wildlife
ecology using drones: new insights on the mating
dynamics and operational sex ratios of sea turtles. Funct.
Ecol. 31, 2310–2319. https://doi.org/10.1111/1365-2435.
12930.
Schoﬁeld, G., Klaassen, M., Papaﬁtsoros, K., Lilley, M.,
Katselidis, K.A. & Hays, G.C. (2020). Long-term photo-id
and satellite tracking reveal sex-biased survival linked to
movements in an endangered species. Ecology. https://doi.
org/10.1002/ecy.3027.

Social media reveals disproportionate tourism pressure on wildlife

Schoﬁeld, G., Scott, R., Dimadi, A., Fossette, S., Katselidis,
K.A., Koutsoubas, D., Lilley, M.K.S., Pantis, J.D.,
Karagouni, A.D. & Hays, G.C. (2013). Evidence-based
marine protected area planning for a highly mobile
endangered marine vertebrate. Biol. Conserv. 161, 101–109.
https://doi.org/10.1016/j.biocon.2013.03.004.
Schoﬁeld, G., Scott, R., Katselidis, K.A., Mazaris, A.D. &
Hays, G.C. (2015). Quantifying wildlife-watching
ecotourism intensity on an endangered marine vertebrate.
Anim. Conserv. 18, 517–528. https://doi.org/10.1111/acv.
12202.
Semeniuk, C.A.D., Bourgeon, S., Smith, S.L. & Rothley, K.D.
(2009). Hematological differences between stingrays at
tourist and non-visited sites suggest physiological costs of
wildlife tourism. Biol. Conserv. 142, 1818–1829. https://doi.
org/10.1016/j.biocon.2009.03.022.
Shimada, T., Limpus, C.J., Hamann, M., Bell, I., Esteban, N.,
Groom, R. & Hays, G.C. (2020). Fidelity to foraging sites
after long migrations. J. Anim. Ecol. 89, 1008–1016.
https://doi.org/10.1111/1365-2656.13157.
Sirakaya, E. (1997). Attitudinal compliance with ecotourism
guidelines. Ann. Tour. Res. 24, 919–950. https://doi.org/10.
1016/S0160-7383(97)00050-9.
Sutherland, W.J., Pullin, A.S., Dolman, P.M. & Knight, T.M.
(2004). The need for evidence-based conservation. Trends
Ecol. Evol. 19, 305–308. https://doi.org/10.1016/j.tree.2004.
03.018.
Tisdell, C. & Wilson, C. (2005). Perceived impacts of
ecotourism on environmental learning and conservation:
turtle watching as a case study. Environ. Dev. Sustain. 7,
291–302. https://doi.org/10.1007/s10668-004-7619-6.
Toivonen, T., Heikinheimo, V., Fink, C., Hausmann, A.,
Hiippala, T., J€arv, O., Tenkanen, H. & Di Minin, E. (2019).
Social media data for conservation science: a
methodological overview. Biol. Conserv. 233, 298–315.
https://doi.org/10.1016/j.biocon.2019.01.023.
Visser, I.N. (1999). Propeller scars on and known home range
of two orca (Orcinus orca) in New Zealand waters. New
Zeal. J. Mar. Fresh. 33, 635–642. https://doi.org/10.1080/
00288330.1999.9516906.
Wells, R.S. & Scott, M.D. (1997). Seasonal incidence of boat
strikes on bottlenose dolphins near Sarasota. Florida. Mar.
Mam. Sci. 13, 475–480. https://doi.org/10.1111/j.1748-7692.
1997.tb00654.x.
Williams, R., Lusseau, D. & Hammond, P.S. (2009). The role
of social aggregations and protected areas in killer whale
conservation: the mixed blessing of critical habitat. Biol.
Conserv. 142, 709–719. https://doi.org/10.1016/j.biocon.
2008.12.004.
Work, P.A., Sapp, A.L., Scott, D.W. & Dodd, M.G. (2010).
Inﬂuence of small vessel operation and propulsion system
on loggerhead sea turtle injuries. J. Exp. Mar. Biol. Ecol.
393, 168–175. https://doi.org/10.1016/j.jembe.2010.07.019.
Zbinden, J.A., Aebischer, A., Margaritoulis, D. & Arlettaz, R.
(2007). Insights into the management of sea turtle

Animal Conservation  (2020) – ª 2020 The Authors. Animal Conservation published by John Wiley & Sons Ltd on behalf of Zoological Society of London11

Social media reveals disproportionate tourism pressure on wildlife

internesting area through satellite telemetry. Biol. Conserv.
137, 157–162. https://doi.org/10.1016/j.biocon.2007.01.022.
Zbinden, J.A.Bearhop, S.Bradshaw, P.Gill, B.Margaritoulis,
D.Newton, J. & Godley, B.J. (2011). Migratory dichotomy
and associated phenotypic variation in marine turtles
revealed by satellite tracking and stable isotope analysis.
Mar. Ecol. Prog. Ser. 421, 291–302. https://doi.org/10.3354/
meps08871.

Supporting information
Additional supporting information may be found online in
the Supporting Information section at the end of the article.

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) Remi 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 displays 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 propeller under simultaneous viewing by swimmers and boat,
20 August 2018. Photograph credits: Kostas Papaﬁtsoros.
Figure S4. Documentation of recent boat injuries to resident turtles of Laganas Bay: (a1-a2) Resident male “t235” on
11 June 2019 (a1) and 1 September 2019 (a2). (b1-b2) Resident 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).
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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) Giorgos 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 determined: Similar entry distribution pattern in both years, with
30 very few entries at the end of May, no entries in the following 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 pattern 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 pattern 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 arrivals 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) residents and (potentially) newly detected residents. The last column 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 percentage of boat, underwater, and land entries versus all entries in
a given year. Blue values are the percentage of non-residents, old residents, and new residents versus the total number of individuals identiﬁed in a given year.
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