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Abstract

The northern Adriatic Sea has long been known as the foraging and developmental habitat of loggerhead sea turtles. Previous
literature on stranded, floating, sighted, and accidentally caught sea turtles is fragmentary and mainly obtained from this shallower
northern part. This work presents data on 272 records of stranded, floating, sighted and accidentally captured turtles within the
entire Croatian Adriatic. The data was collected through the national stranding network for strictly protected marine species run
by the Croatian Agency for the Environment and Nature during a six-year period (2010-2015). We focused on analysing spatial
and temporal observations, age structure, and reporting sources. The collected morphometric data revealed that most measured C.
caretta (85%) were immature individuals found stranded and floating at sea. These observations were location-dependent with a
tendency towards the shallow northern areas (<200 m). Most of the stranded individuals were severely decomposed preventing the
determination of possible mortality causes. Most non-decomposed individuals had fishery- or boat-inflicted mechanical injuries
confirming fishing activities and boat collisions as threats to young C. caretta individuals in the Croatian Adriatic Sea. Results
also revealed an important contribution of local people in reporting the C. caretta strandings and sightings whereas most acciden-
tally caught individuals were reported by unknown sources. Altogether, the data presented in this paper indicate possibilities for

improving the ongoing sea turtle monitoring and conservation activities along the entire Croatian Adriatic coast.
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Introduction

Among the seven species of sea turtles in existence,
three appear in the Mediterranean Sea (Casale et al.,
2018) and subsequently the eastern Adriatic Sea (La-
zar & Tvrtkovié, 1995). These are the Loggerhead tur-
tle (Caretta caretta Linnaeus, 1758), the Green turtle
(Chelonia mydas Linnaeus, 1758) and the Leatherback
turtle (Dermochelys coriacea Vandelli, 1761) (Arnold &
Burton, 1985; Godley et al., 1998; Casale et al., 2018).
Among them, the Loggerhead turtle is the most frequent-
ly encountered and the most widely distributed species
in the Mediterranean (Margaritoulis et al., 2003). The
IUCN (International Union for Conservation of Nature)
Red List of Threatened Species lists both C. caretta and
D. coriacea as vulnerable and C. mydas as endangered
(Seminoff, 2004; Wallace et al., 2013a; Casale & Tuck-
er, 2017). Although Caretta caretta is considered of least
concern in the Mediterranean, it is regarded vulnerable
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species in Croatia (Jeli¢ et al., 2012; Casale, 2015) and
has been included in most international wildlife conser-
vation treaties (Eckert et al., 2000).

The Adriatic Sea has been identified as one of the
most important areas for sea turtles, particularly for C.
caretta, within the Mediterranean (Casale et al., 2003;
Lazar et al., 2004; Casale & Margaritoulis, 2010). Along
with the Gulf of Gabes in Tunisia, it is one of the most
notable shallow regions in the Mediterranean basin char-
acterized by rich benthic communities (Gamulin-Brida,
1967; Casale & Margaritoulis, 2010). Also, this region
is one of the key neritic feeding habitats for C. caretta
individuals in the Mediterranean (Lazar & Tvrtkovic,
2003; Casale et al., 2018). Intensive fishing activity in the
Mediterranean and subsequently the Adriatic Sea is the
main cause of sea turtle (C. caretta) mortality, followed
by boat collisions (Lazar & Tvrtkovi¢, 1995; Gerosa &
Casale, 1999; Casale et al., 2010; Lucchetti & Sala, 2010;
Turkozan et al., 2013; Wallace et al., 2013b; Lucchetti et
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al.,2017a, 2017b, 2019; Virgili et al., 2018; Vasapollo et
al., 2019). Thus far, such events were quantified along
the north and western part of the Adriatic, whereas sim-
ilar cases were only mentioned to have occurred along
the Croatian coast (Casale et al., 2010, 2018). Previous
sea turtle research activities within the Croatian Adriat-
ic were mainly conducted in the north and have largely
focused on investigating fishery bycatch as the primary
anthropogenic threat to sea turtles (Casale et al., 2018).
In addition, valuable studies using sea turtle strandings
to drive data-based conservation efforts were mainly
conducted in the western Adriatic (Casale et al., 2010;
Lucchetti et al., 2017a, 2018) and other parts of the Med-
iterranean (Tomas et al., 2008; Turkozan et al., 2013).
Thus, in this study, we bring missing information on sea
turtle (primarily C. caretta) strandings, sightings and ac-
cidental catch for both the northern and southern Croatian
Adriatic. This paper is first to analyse and present data on
stranded, sighted and accidentally caught C. caretta indi-
viduals along the entire Croatian Adriatic coast gathered
by the Croatian Agency for the Environment and Nature
during a six-year period through the national stranding
network for strictly protected marine species. The aim of
this study is to highlight possibilities for improving the
current sea turtle monitoring and conservation activities
along the Croatian Adriatic coast by providing basic data
on C. caretta observations such as: 1) type of observa-
tion, 2) their spatial and temporal distribution, 3) esti-
mated age structure of measured individuals, 4) general
health condition, and 5) sources that contributed to their
reporting.

Materials and Methods
Data collection

The data presented in this study was collected with-
in the area of the Croatian Adriatic Sea by the Croatian
Agency for the Environment and Nature during a six-year
period (2010-2015) with the help of numerous associates
involved in the national stranding network for strictly
protected marine species run by the Agency. The species
identification for all 272 recorded sea turtle individu-
als was done by veterinarians and researchers (see Ac-
knowledgements). The general condition of all stranded,
floating, and by-caught turtles was examined externally.
The date and time of observation, geographical position,
and additionally the release date for the recovered turtles
were recorded.

When possible, the injured turtles received veteri-
narian help before they were sent to the Sea Turtle Res-
cue Centre in city of Pula (Croatia). Because the turtles
were often found in a severely decomposed state, only
five complete necropsies could be conducted. All parts
of fishing gear observed during the examination were
recorded. Because of the distance and inaccessibility of
the locations or the lack of transport and unavailability
of professional personnel, some individuals were left at
sea or sank to its bottom. Turtles without apparent health
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issues were released immediately, or a few hours or days
after the veterinarian’s approval.

Sea turtle categories were defined as those found dead
or injured at the coast (stranded) and those found dead or
injured at sea (floating; not found in fishing gear). Sight-
ed individuals were those observed in the sea by locals,
tourists, veterinarians and researchers without apparent
injuries, whereas those individuals caught by the fishers
using fishing gear (i.e. trawl nets, gillnets, and longlines)
were considered accidentally caught.

Study area

In our analysis, the Croatian Adriatic Sea was provi-
sionally divided into the shallow northern (<200 m) and
deep southern (200-1200 m) area. The northern area thus
included the counties of Istria, Primorje-Gorski Kotar,
Lika-Senj and Zadar, whereas the southern area included
the counties of Sibenik-Knin, Split-Dalmatia, and Du-
brovnik-Neretva. The two provisional areas were divided
by a green line presented in Figure 1. For comparative
purposes, we also used the oceanographic division of the
Adriatic Sea on three major sub-basins (northern, central
and southern; Fig. 1, black lines) as previously described
in Casale & Margaritoulis (2010). Geographical coor-
dinates of all locations were taken with a Garmin eTrex
GPS 60CSx or approximated using Google Earth® soft-
ware. Georeferences were recorded using the WGS 1984
(World Geodetic System 1984; EPSG: 4326) geographic
coordinate system. The location and distribution maps of
the study area were made using ArcGIS (ESRI 10.2). For
map creation, we used a HTRS96 LCC (EPSG: 3766)
projected coordinate system.

Morphometric measurements and age estimation

Morphometric measurements could be taken only for
167 C. caretta individuals. The curved carapace length
(CCL) of C. caretta was measured from the nuchal scute
to the tip of the last marginal scute (supracaudal) with a
measuring tape. Even if the size is not accurate enough to
define the maturity of the turtle, because of the variation
between regions and even within the same population, it
may give insight into the overall age population struc-
ture. Thus, we considered individuals of C. caretta to be
immature with a CCL <70cm (Margaritoulis et al., 2003;
Casale et al., 2005). Because of the absence of accurate
skeletochronological data for the measured C. caretta
individuals from the sample size, we relied on the von
Bertalanfty' s growth function parameters estimated for
C. caretta individuals found in the central Mediterranean
using the age-at-size method (Casale et al, 2011). To
avoid bias in estimating the individuals with the largest
CCL (100 cm), we excluded them in our age estimation
analysis.
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Fig. 1: Spatial distribution of sea turtle (A: C. caretta; B: D. coriacea) observations along the Croatian Adriatic coast. The green
line separates records in the shallow northern (<200 m) and deep southern (200-1200 m) Adriatic. (A, B) Black lines (Ancona-Za-
dar and Gargano National Park-Dubrovnik) show the oceanographic division of the Adriatic on three major sub-basins (northern,
central and southern) with the respective percentages of sea turtle discoveries shown in A.

Statistical analysis

A non-parametric Mann-Whitney U test was used to
analyse the C. caretta CCL data recorded in different ar-
eas of the Croatian Adriatic Sea (vide supra). Statistica®
software (Dell Inc. (2016) version 13.2 software) was
used to analyse and graphically present data regarding
sea turtle observations.

Results

Sea turtle observations along the Croatian Adriatic
coast

During the six-year period of data collection, a total of
272 sea turtle individuals were recorded along the entire
Croatian Adriatic coast. Sea turtles were mainly identified
as C. caretta 95.6% (N=260), whereas D. coriacea repre-
sented 2.9% (N=8) of the observations along the Croatian
Adriatic coast (Fig. 1A and B). The exact species of the
remaining 1.5% (N=4) turtles observed in the same area
could not be determined (Table 1). Of the recorded C.
caretta individuals, 142 (62%) were found stranded (of
which 83.3% were dead), 81 (35.4%) were found floating
at sea (of which 45.7% were dead), while the remaining
6 (2.6%) were found at an unrecorded location (of which
66.7% were dead).

The other remaining C. caretta individuals were ei-
ther sighted (N=14; none of which were dead) or acci-
dentally caught by fishers (N=17; of which 17.6% were
dead). Most of the accidental catches were caused by
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Table 1. Annual record of observed sea turtle individuals between
2010 and 2015 along the Croatian Adriatic coast.

Year
Species TO-
2010 2011 2012 2013 2014 2015

TAL

C. caretta 34 20 30 50 73 53 260

D. coriacea 0 3 0 0 5 0 8
Undeter-

. - - 3 - 1 - 4
mined

TOTAL 34 23 33 50 79 53 272

unspecified fishing nets (N=8; 47%), fewer individuals
were caught by trawlers (N=5; 29%), whereas the lowest
number was caught by gillnets (N=2; 12%) and longlines
(N=2; 12%).

Spatial and temporal distribution

During the monitoring period, C. caretta individuals
were observed along the entire Croatian coastline. In total,
most of the observations (N=159; 61%) were made in the
northern area of the Croatian Adriatic Sea. The remaining
101 (39%) observations of the same species were made
in the southern area (Fig. 1A). According to the oceano-
graphic division of the Adriatic on three major sub-ba-
sins (northern, central and southern), the highest number
of C. caretta observations was located in the northern
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sub-basin (N=148; 57%). A lower number (N=110; 42%)
of observations was located within the central sub-basin,
whereas the lowest number (N=2; 1%) was observed in
the third southern sub-basin (Fig. 1A).

The numbers of observed C. caretta within the en-
tire Croatian Adriatic area varied annually between 20
(2011) and 73 (2014). On average, 43.3+7.80 standard
error, hereafter, of C. caretta individuals per year were
recorded along the entire Croatian Adriatic coast (Table
1). Generally, the highest numbers of stranded turtles
were recorded in autumn and winter in both the north-
ern and southern Croatian Adriatic, hereafter north and
south (north>south). However, while a higher number of
stranded turtles was recorded in the north during autumn
(>winter), the opposite was recorded in the south (au-
tumn<winter). Floating individuals were recorded mainly
in spring and summer in the north and in summer and
autumn in the south. Most C. caretta sightings and acci-
dental catch in the north were recorded in summer. In the
south, all sightings were recorded in spring and summer
and all accidentally caught individuals were recorded in
autumn (Fig. 2).

Records of both stranded (N=51 vs. 42) and floating
(N=34 vs. 21) C. caretta individuals were higher in the
north (vs. south). When compared to records of floating
turtles, more individuals were found stranded in both the
north and south (vide supra). More dead individuals were
also recorded in the stranded vs. floating category in both
the north (42 vs. 10) and south (33 vs. 12). More live
C. caretta individuals were recorded in the floating (vs.
stranded) category in the north (24 vs. 9) whereas in the
south the numbers of live turtles in these categories were
equal (9 vs. 9). Accidental catch of C. caretta individ-
uals in the north was mostly caused by trawlers (N=5;
42%), followed by unspecified fishing nets (N=4; 33%)
and gillnets (N=2; N=17%) while longline-related turtle
bycatch was recorded only once (8%). In the southern
area, the accidental catch of C. caretta individuals was
primarily caused by unspecified fishing nets (N=4; 80%)
and once by longlines (N=1; 20%).

Size distribution and age structure estimation

From a total of 260 observed C. caretta individuals,
the curved carapace length (CCL) of 167 individuals was
measured. The CCL of these individuals ranged between
21 and 100 cm with an average length of 52.35+1.5 cm.
In general, C. caretta individuals recorded in the north
were significantly smaller (49.51£1.87 cm vs. 56.81+2.42
cm) than in the south (Mann-Whitney U test; p=0.013;
N=167). This spatial difference in size was significant
among turtles in the stranded (Mann-Whitney U test;
p=0.008; N=93) but not in the floating category (Fig. 3).

Dead turtles (58.4+2.14 cm) were generally larger
than the live ones (43.8+1.49 cm) (Mann-Whitney U test;
p=0.000003; N=167). Although this size difference was
seen both in the stranded and floating turtles, the larg-
est difference was present in the floating category (61.8
cm and 44.9 cm in dead and alive turtles, respectively;
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Fig. 3: Size distribution of measured C. caretta individuals
(N=167) according to different categories (stranded, floating,
sighted and accidentally caught) observed in the northern (A)
and southern (B) Croatian Adriatic.

N=55). Regarding the spatial distribution, the biggest size
difference between dead and alive stranded turtles was
observed in the south (64.4 cm and 47.9 cm, respectively;
N= 42) whereas the biggest size difference for floating
turtles was observed in the north (67.3 cm and 45.5 cm
CCL in dead and alive, respectively; N=34).

Immature individuals with CCL <70 cm represented
85% (N=142) of the total number of measured C. caretta
turtles. Individuals with CCL <70 cm were estimated to
be between 2.9 and 17.6 years of age. Of those, 52.8%
were found stranded, 33.8% were found floating at sea,
8.4% were accidentally caught and 5% were sighted.
Adult individuals (N=25) were mostly found dead strand-
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ed at the coast (72%) or dead floating at sea (24%) where-
as only 4% was found injured floating at sea.

General condition of the observed individuals

From the total number of 78 C. caretta individuals
found injured but alive only two (2.6%) were immediate-
ly released because of transport problems, 46 (59%) ani-
mals were released after veterinary treatment and recov-
ery, 6 (7.7%) died before receiving adequate veterinary
treatment and 14 (17.9%) died after treatment. Because
of a lack of follow-up data, we do not have information
regarding the remaining 10 (12.8%) injured C. caretta in-
dividuals. In total, injuries were characterized for only
10 (13%) injured turtles of which 70% were from fishing
equipment and 30% were from boat strikes.

The cause of death for the majority of C. caretta indi-
viduals (N=143; 111 found stranded and 32 found floating
at sea) remains undetermined because of their advanced
decomposition state. The remaining 36 individuals that
were found dead or died before or after the veterinary
treatment had visible boat-related and/or fishing equip-
ment-related injuries (Table 2). In total, from these dead
C. caretta individuals, 18 had visible mechanical injuries
due to boat collisions, 10 had suffered injuries from fish-
ing hooks and fishing nylon, 5 suffered from net strangu-
lation (unspecified fishing net), two were caught on gill-
nets and longlines, and one died in a fire accident while
stationed in the veterinary clinic. From the total of 5 con-
ducted necropsies on dead C. caretta individuals, three
showed evidence of fishing material (longline hooks and
fishing nylon) in their gastrointestinal tract.

Reporting sources

Local inhabitants reported 48.6% (N=72) of all C.
caretta stranding records while 23.6% (N=35) was re-
ported by employees of national parks and public institu-
tions. An array of different sources such as tourists, fish-

ers, researchers, veterinarians and coast guard reported
11.5% (N=17) of stranding records, whereas the remain-
ing 16.2% (N=24) were reported by unknown sources.

Regarding C. caretta individuals found floating at sea,
local inhabitants reported 34.6% (N=28) while 12.3%
(N=10) was reported by national parks and public insti-
tution employees. Tourists, fishers, non-governmental or-
ganisations and veterinarians reported 14.8% (N=12) of
findings in this category, whereas the remaining 38.3%
(N=31) of turtles were reported by unknown sources.

The majority of C. caretta sightings (N=10; 71.4%)
were equally reported by locals and unknown sources
while the remaining 28.6% (N=4) were equally reported
by divers, fishers, national parks and public institutions,
and researchers.

The highest number of accidentally caught C. caretta
individuals were reported by unknown sources (N=10;
58.8%), fewer were reported by fishers (N=3; 17.6%) and
locals (N=2; 11.8%), and the lowest number by veterinar-
ians (N=1; 5.9%), and national parks and public institu-
tions (N=1; 5.9%).

Discussion

The data analysed in this study confirms previously
published findings that C. caretta is the most frequently
observed species along the entire Croatian Adriatic coast.
Furthermore, it corroborates previous findings indicating
D. coriacea as the second most observed species in this
area (Lazar et al., 2008a; Casale ef al., 2018). Similarly
to previous reports, the monitoring data suggest the pres-
ence of largely immature C. caretta individuals and sup-
ports previous claims about the (Croatian) Adriatic Sea as
an important developmental area for this species (Lazar
& Tvrtkovi¢, 1995; Affronte & Scaravelli, 2001; Casale
et al., 2018). The data also indicate a presence of signifi-
cantly smaller individuals in the north (vs. south), which
is in line with previous reports showing recruitment of
the northern Adriatic by juveniles (Affronte & Scaravelli,
2001; Lazar et al., 2003, 2008b; Casale et al., 2018).

Table 2. External injuries of C. caretta individuals found dead or injured that died before/after veterinary treatment.

Injuries
Condition Category . . . .
Boat Unspecified fish- . . Fishing hooks Fire acci-
. . Gillnet Longline
strikes ing net and nylon dent
Floating 5 2 / 1 / /
Dead
Stranded 10 1 / / 6 /
Floating 2 2 1 / 1 /
Injured
Stranded 1 / / / 3 1
TOTAL 18 5 1 1 10 1
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A difference in the relative proportion of seasonal
observations of stranded turtles between the north and
south is comparative to that observed between the north
and south in the western Adriatic (Casale et al., 2010). In
other words, most stranded turtles recorded in the south-
ern Adriatic were found during winter whereas in the
northern Adriatic most stranded turtles were recorded in
spring-summer-autumn. This higher number of stranded
turtles in winter in the south may reflect the migration of
turtles to these warmer areas during the colder winter pe-
riod or the dynamics of certain anthropogenic factors as
was previously suggested for both the eastern and western
Adriatic (Lazar et al., 2003; Casale et al., 2010, 2012).
However, even though the data on stranded turtles were
collected along the entire Croatian Adriatic coast, reliable
comparative data regarding the potential causative fac-
tors are missing. Thus, to clarify the reasons behind the
seasonal stranding dynamics, future monitoring activities
in the Croatian Adriatic should take into consideration
acquiring comparative seasonal and spatial data on two
major anthropogenic threats for sea turtles recognized in
the Mediterranean and Adriatic: fishing bycatch (by dif-
ferent fishing equipment) and marine traffic (Caminas,
2004; Lazar et al., 2006; Casale et al., 2007; Lewison
& Crowder, 2007; Lucchetti & Sala, 2010; Casale, 2011;
Levy et al., 2015; Lucchetti et al., 2017a, 2017b). Never-
theless, the records confirm the existence of bycatch by
trawlers, gillnets and longlines within the entire Croatian
Adriatic Sea. It indicates the northern Croatian Adriatic
as the area with the highest number of bycatch records
and subsequently the highest proportion of dead turtles
(trawlers>unspecified nets >gillnets). These findings are
somewhat in line with the conservative estimations of
trawler- and gillnet-related bycatch (trawlers>gillnets)
given in previous studies for the northern Adriatic area
(Lazar & Tvrtkovi¢, 1995; Casale et al., 2004, 2010; Luc-
chetti et al., 2017a). A high level of mortality from trawls
in the north is further supported by a generally high num-
ber of stranded and a high proportion of dead turtles found
there (Casale et al., 2010). In contrast, an interview-based
approach estimated a higher mortality for set nets (gill-
nets) vs. trawl nets (Lucchetti et al., 2017a). However,
this may be the result of the different, interview-based,
approach used to collect bycatch data in that study. In
addition, a generally low number of recorded bycatch
events within the 6-year monitoring period in combina-
tion with a high proportion of undetermined causes of
injuries and mortality among the stranded and floating
C. caretta may have influenced the relations between the
mentioned bycatch types in this study. Moreover, a gen-
erally low number of accidental catch reports, of which
most were from unknown sources, indicate insufficient
motivation among fishers for contacting the responsible
authorities. Thus, because fishers are active throughout
the year, future monitoring and conservation strategies
should focus on establishing a credible “data-exchange
platform” with fishers so as to acquire more comprehen-
sive and reliable data on turtle bycatch along the entire
Croatian Adriatic coast.

In addition to fishery bycatch in the Adriatic, boat col-
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lisions seem to be the second major threat for frequently
occurring C. caretta species (Lazar & Tvrtkovi¢, 1995;
Casale et al., 2010; Lucchetti et al., 2017a, 2017b, 2018).
Despite a generally low number of recorded injuries, the
data presented in this study revealed the presence of se-
vere mechanical injuries caused by marine vessels. Previ-
ous studies in the region showed boat collisions to be the
second most common cause of mortality (after fishing) in
the northern and western Adriatic (Casale et al., 2010).
However, because we cannot exclude the possibility that
boat strikes happened to some turtles while floating at sea
(i.e. when released after injury by fishing equipment or
after suffocation in fishing nets), the numbers presented
here suggest the need to give special attention to the ev-
idence of boat collisions while examining both live and
dead turtles in future monitoring activities.

Thus, future sea turtle monitoring activities in the
Croatian Adriatic should aim to collect more detailed
spatial and temporal data on fishing activities (bycatch;
detailed fishing gear separation) and marine traffic (sep-
aration by traffic type and its intensity), and improve the
exchange of information with local fishers (setting up a
reliable data exchange system). Also, detailed data on in-
juries of stranded, floating, and accidentally caught (dead
and alive) turtles should be gathered so as to better assess
the possible mortality causes in both the north and south
of the Croatian Adriatic.
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