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Abstract

Between December 2015 and December 2017 a total of 63 sea turtles were recorded as being stranded along the Algerian coast. The
loggerhead sea turtle Caretta caretta was the most commonly stranded species (n = 44) (69.8%), followed by the leatherback Dermo-
chelys coriacea (n=18) (28.6%) and the green turtle Chelonia mydas (n = 1). There was a slight dominance of the adult size class for
stranded loggerhead turtles, while, for the leatherback, late juveniles and adults prevailed. Most loggerhead turtles stranded during
the summer months (July and August), whereas most leatherbacks stranded during winter. The breakdown of the strandings by region
shows a slight dominance along the western and central shores for C. caretta and a clear dominance in the west for D. coriacea.
The primary cause of death was determined in 50.8% of the stranded turtles. Regarding the evidence of interactions with humans
the major cause of stranding in loggerhead turtles was incidental catch by artisanal fisheries, followed by boats’ collisions. The main
causes of leatherback strandings were boats’ collisions. Algerian data show that human activities affect loggerhead turtles and also
prove a significant presence of the leatherback turtle on this coast.
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Introduction

Systematic gathering of data on stranded sea turtles rep-
resents an opportunity for scientists to understand mortal-
ity factors, such as by-catch, and can provide information
about distribution patterns (Casale et al. 2010). Sea turtles
are slow growing and have a long lifespan. This is due to
their complex life history patterns which encompass a di-
versity of ecosystems (Bolten 2003). Seven species of sea
turtles representing two families, Cheloniidae and Dermo-
chelyidae, are the only living members of what has been a
large and diverse marine radiation of cryptodiran turtles.

Three species of sea turtles are frequently found in the
Mediterranean: leatherback turtles (Dermochelys coria-
cea) are widely distributed in the Mediterranean, along
with loggerhead turtles (Caretta caretta), and green tur-
tles (Chelonia mydas) (Casale et al. 2018). Only the last
two species have been detected breeding in the basin.
Loggerhead turtles and leatherback turtles are classified
under the ‘vulnerable’ species category (Wallace et al.
2013; Casale and Tucker 2017), whereas the green turtle
is listed as endangered (Seminoff 2004). The survival of
sea turtles is threatened due to their slow reproductive
dynamics as a result of delayed sexual maturity and high
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natural mortality rate of early juveniles. However, the has developed strongly and been modernized over the last

biggest challenges that sea turtles face currently are due  decade (Wiefels 2014).

to anthropogenic threats in terrestrial habitats, such as

coastal development, erosion and beach armoring, driv-

ing on the beach, and in marine habitats, including the StUdy aread

interaction with fisheries, human exploitation, marine

debris, pollution, and boat collisions (Casale et al. 2018).  According to Eriksson (1965), the western Mediterranean

Along the Algerian coast, the presence of these marine  is considered a vast ocean-type basin, in which the Alge-

reptiles has been mentioned in old literature. The log-  rian-provincial basin is the largest. The Algerian coast,

gerhead turtle was considered to be a common visitor to  stretching across more than 1600 km, from the east to

Algerian coasts (Doumergue 1901). Poiret (1789) con-  the west makes up approximately 3.4% of the total Med-

sidered the leatherback as a very common marine life iterranean coast. This continental margin borders the

species which resided at the barbary coasts. The pres-  southern part of the large Algiers-Provencal basin, an

ence of the green turtle in these coasts was, however, important morphological part of the Western Mediterra-

not described in the literature. The Algerian Basin isnow  nean Sea (Leclaire 1972). The present study was conduct-

considered as a foraging ground for both the Mediter- ed along the Algerian coast from the far East of Altaref

ranean and Atlantic stock of the Caretta caretta species  (36.940920N, 8.642120W) to the far West of Tlemcen

(Clusa et al. 2014), and also for the leatherback (Casale  (35.085006N, 2.211779E) (Fig.1).

et al. 2003). Hence, further research was required to bet-

ter understand biology and conservation of these species

frequently present on Algerian coasts, and to developa Data collection

strategy to mitigate the effects of anthropogenic threats

in these waters. In the present study, stranded sea turtles were defined as
The present study reports for the first time records on  those that had been washed ashore, dead or alive, or were

sea turtle strandings on the Algerian coasts over a two-  found floating dead or alive (generally in a weakened

year period (2016-2017) in order to gain knowledge condition) in coastal waters.

about threats to these species. Especially since the Al- The sex was determined in nineteen loggerhead turtles

gerian population has grown strongly in recent decades,  using the tail length for adult individuals and examining

reaching 40.6 million inhabitants in 2015, concentrated  the gonads at necropsy when it was possible. However, the

in a fringe of approximately 150 km, along the Mediter-  sex for the leatherback turtles could not be determined due

ranean coast. More than 130 million people frequented to difficulties in recovering the carcasses and limitations

the beaches during summer while fishing in this country  in the necropsies performed in situ, at the site of strand-
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Figure 1. Map showing the subdivision of the three zones considered in this study: Western, Central and Eastern zone, and the
distribution of stranding sea turtles Caretta caretta (brown circle), Dermochelys coriacea (black circle) and Chelonia mydas (green
circle) along Algerian coast (2016-2017).

herpetozoa.pensoft.net



Herpetozoa 33: 113-120 (2020)

115

ing. Necropsies were performed on seventeen and four
carcasses of stranded C. caretta and D. coriacea, respec-
tively. The cause of stranding was determined through this
necropsy and direct visual observation. We also collected
samples (stomach contents, humerus, tissues muscle, kid-
ney, liver) which were frozen for further research.

The coastline was subdivided in 14 stranding areas,
according to the administrative division and grouped in
three sectors: western region (Tlemcen, Aintemouchent,
Oran, Mostaganem), center region (Chlef, Tipaza, Al-
giers, Boumerdese, Tizi Ouzou) and the eastern region
(Bijaia, Jijel, Skikda, Annaba, Altaref) (Fig. 1).

The year was divided into four seasons: winter (Jan-
uary to March), spring (April to June), summer (July to
September), and autumn (October to December).

Records of marine turtles found stranded in this study
were collected from December 2015 to December 2017,
both months inclusive. Data were collected through two
methodologies: firstly, as systematic surveys on beach-
es and other areas of difficult access (rocky areas). We
performed these surveys periodically almost every day
with the help of 20 volunteers. Most of them were part of
fishing communities or people who lived near the coast.
The coordination between the teams took place through
telephone calls.

The second methodology consisted of an opportunist
effort of surveys by receiving information through differ-
ent sources and going to the stranding location to gather
data. We received alerts regularly from diverse sources
such as the coast guard, the national gendarmerie, people
living in coastal villages, fishermen, civil protection, div-
ing clubs, environmental associations, the National Cen-
ter for Fisheries and Aquaculture Research (CNRDPA),
University Oran 1, University Annaba Badji Mokhtar,
social networks, and others. Both methodologies were
adopted on the western and central coasts. Only the op-
portunist survey was adopted on the eastern coast.

This difference in the survey effort was mainly due
to two factors: first, the University to which the team
belonged is located to the west, second the east coast is
characterized by isolated beaches. Therefore, strandings
in the eastern part probably were underestimated.

The data on dead turtles were collected according to the
established stranding protocols (Wyneken 2001), namely:
species identification, curved carapace length notch to tip
(CCL), and general biometric measurements (standard
length, curved carapace width, head width) using a soft
millimetric tape (Wyneken 2001). No complete records
of CCL were obtained in 4 C. caretta turtles because the
measurements were taken by unqualified persons. The
CCL values were grouped by size-classes using the Sturg-
es’ rule to visualize their distribution (Sturges 1926). For
loggerheads, a carapace length (CCL) of 70 cm was used
to distinguish juveniles from adults, since this was the
threshold for nesting females and adult males with sec-
ondary sexual characteristics in the Mediterranean con-
sidered in the literature (Margaritoulis et al. 2003; Casale
et al. 2005; Casale et al. 2009). For leatherback turtles,
we used a size class CCL < 125 to provide information

about the juveniles, because this is the minimum carapace
size for nesting leatherbacks at the nearest nesting sites
(Stewart et al. 2007).

In the present study, we considered all types of evi-
dence from human interactions that could be linked to
the causes for stranding. The causes of stranding were
classified into four categories as below: 1) Incidental
catch: including bycatch in fishing nets, fishing line or
hook detected in the mouth; 2) Collision with boats; di-
rectly crashed turtle carapace, injuries in carapace or sev-
ered body parts; 3) Marine debris: intestinal impactions;
4) Undetermined cause of stranding; when no apparent
cause of death was observed due to the advanced state of
decomposition of the stranded carcass.

Statistical analysis

Data on turtle size and strandings were tested for normal-
ity and homoscedasticity. The data were normally distrib-
uted (Shapiro—Wilk D test, all P > 0.05). We used a one-
way analysis of variance (ANOVA), to see if the size of
turtles differed among seasons and regions. We used also
a t-test to determine whether there was a significant dif-
ference in size and category of sex and status. The results
were considered significant for the p < 0.05 level. We
used the software package IBM SPSS Statistics 25. After
collection at GPS locations, we used ARC GIS 10.2 to
draw maps and show the distribution of stranded turtles.

Results

A total of 63 stranded sea turtles were found during the
study period: 44 (69.8%) C. caretta, 18 (28.6%) D. coria-
cea and one C. mydas (1.6%) (Tablel). The CCL of the C.
caretta ranged between 43 and 93.5 cm, with a mean of
71.18 £ 12.73 SD cm. The CCL of D. coriacea ranged be-
tween 86 and 137 cm, with a mean of 120.25 + 14.59 SD
cm. The length of the C. mydas was CCL = 42 cm. The
majority of the stranded loggerheads ranged between 66

Table 1. Number of marine turtle strandings in 14 localities
during 20162017 of the Algerian coast.

Caretta caretta  Dermochelys Chelonia
coriacea mydas
2016 2017 2016 2017 2016 2017

Tlemcen - - - - - -

Area
West
Center Ain temouchent
East Oran

Locality

1 — — —

6 - 1 -
Mostaganem 5
Chlef 2
8

1

N W W

Tipaza
Algiers
Boumerdese

o= =N = NN

Tizi ouzou -
Bejaia

Skikda
Annaba
Altarf -

1
1
- 1 _ -
1
1

Jijel 4
3

| W

5 1 0

z
w
(=}
—_
=
—_
[

herpetozoa.pensoft.net



16 Alae Eddine Belmahi et al.: Sea turtles strandings in Algeria: 2016-2017

and 81 cm (Fig. 2). For D. coriacea turtle strandings most
turtle measurements fell between 111 and 140 cm (Fig. 3).
We found no significant differences in size between dead
and live turtles in both species C. caretta (T test, t = 1.26
p > 0.05) and D. coriacea (t = 0.017, p > 0.05). Live
stranded loggerheads accounted for only 6.8% of all the
recorded stranding events. Live leatherbacks were 5.6%
of all the stranded leatherbacks. Males and females of C.
caretta did not differ in size (t = 1.10, p > 0.05). Con-
cerning sex, we identified 3 male loggerheads (6.8%), 16
female loggerheads (36.4%), and 25 (56.8%) from which
we could not determine the sex. We found more strand-
ings in year 2016, with n = 42 (66.66%) as compared to
2017, where n =21 (33.33%) for both species.

Number of Individuals

49-57 58-65 66-73 74-81

Curved Carapace Length (cm)

Figure 2. The size frequency distribution of marine turtle Caret-
ta caretta strandings along the Algerian coast (2016-2017).

Number of Individuals

91-100 101-110 111-120 121-130 131-140

Curved Carapace Length (cm)

Figure 3. The size frequency distribution of marine turtle Dermo-
chelys coriacea strandings along the Algerian coast (2016-2017).

There was no significant difference in CCL among
seasons for both loggerhead turtles (ANOVA, F = 0.084,
p > 0.05) and leatherbacks (F =2.063, p> 0.05). The CCL
of sea turtles stranded according to the sex, status (alive/
dead), regions and season is shown in Table 2. No signif-
icant difference was found in CCL according to regions
for both, loggerhead turtles (ANOVA, F =2.74, p > 0.05)
and leatherbacks (F = 1.50, p > 0.05). From 44 strand-
ed loggerhead, n = 16 (36.36%) were found in the west,
the same value in the center. For the D. coriacea a high
percentage of stranding was found in the western area,
n = 8 (44.4%). The distribution of the stranding data for
loggerheads and leatherbacks on the basis of regions and
seasons is shown in Figures 4, 5, respectively.

The percentage of loggerheads turtle strandings was
relatively homogenous between adults 57.5% and juve-
niles 42.5%. The leatherback turtles stranded show an
equality of late juveniles and adults along the Algerian
coast (Table 3). From the 44 stranded loggerhead tur-
tles, we could not identify the cause of stranding of 19
(45.5%) of the turtles. Human interactions linked to the
causes for stranding were incidental catch with artisanal
fishing (set and drift net) (n = 15, 34.1%), followed by
boat collisions (n =9, 20.5%), and marine debris inges-
tion (n =1, 2.3%).

Among the 18 leatherback stranded, no sign of an-
thropogenic interaction was reported in n = 12 (66.7%)
while the carcasses were in very good condition. Three
had injuries in carapace or severed body parts (16.7%),
presumably due to impacts with boats, and two had intes-
tinal impactions (11.1%), with plastic bags. Only one was
released alive after it had been bycaught by an on set net
(5.6%). Getting entangled in a fishing net was the cause
of stranding of the green turtle.

Discussion

The majority of turtles stranded during the studied period
were loggerheads. The frequency of stranding illustrates
the regular presence of C. caretta and D. coriacea in the
Algerian coastal waters, and accidentally, the green turtle.
The latter species was considered ‘rare’ in this area and

Table 2. Curved carapace length notch to tip (CCL in cm) of sea turtles stranded along the Algerian coast (2016-2017) according
to sex and status. N — Number of sea turtles stranded. SD — standard deviation.

Caretta caretta

Dermochelys coriacea

N Mean + SD Range Mean + SD Range
CCL Sex Male 3 84.83 +5,55 79.2-90.3 - - -
Status Female 16 79.11 + 8,55 68.2-93.5 - — —
Region Undter 21 63.19+10,62 43-87 - - -

Season Dead 33 72.34+ 11,35 53-93.5 17 120.26 + 11.35 86-137
Alive 7 65.71 £ 17,98 43-93 1 - -

West 13 66.52 + 13,70 45-90.3 8 119+ 14.48 92-134

Center 15 71.38 + 11,45 43-88 5 115.3+18.78 86-134

East 12 75.98 + 12,33 61-93.5 5 125.8+10.77 114-137

Winter 10 69.77 + 12,04 45-91.5 7 120.21 + 15.80 92-137

Spring 10 71.01 £15.32 43-93.5 2 129 +£4.24 126-132

Summer 12 72.58 + 13,87 53-93 3 132 +£2.30 130-134

Autumn 8 71.07 +£10,27 58-5-85 6 111.16 + 14.03 86-129
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Figure 4. The distribution of the strandings loggerheads on the
basis of regions and seasons along the Algerian coast (2016-2017).

Seasons

Figure 5. The distribution of the strandings leatherbacks on the
basis of regions and seasons along the Algerian coast (2016-2017).

Table 3. The life stage stranding data of loggerhead and leatherback according to the regions along the Algerian coast (2016-2017).

N — Number of sea turtles stranded.

Caretta caretta

Dermochelys coriacea

West Center East T% West Center East T%
Stage Juveniles N 8 4 5 17 4 3 2 9
Total Adults Total% 20% 10% 12.5% 42.5% 22.2% 16.7% 11.1% 50%
N 5 11 7 23 4 2 3 9
Total% 12.5% 27.5% 17.5% 57.5% 22.2% 11.1% 16.7% 50%
N 13 15 12 40 8 5 5 18
Total% 32.5% 37.5% 30% 100% 44.4% 27.8% 27.8% 100%

has Atlantic origins, entering the Mediterranean through
the Gibraltar Strait (Carreras et al. 2014).

Caretta caretta

We noted that most of the strandings corresponded to
dead individuals (84,1%). This high mortality rate was
mainly a result of interaction of loggerheads and small
scale fishery that frequently employ fishing gear with
high bycatch rates such as set and drift net. Small boats
that do not exceed 6 meters in length represent 65.4% of
all fishing fleets in the country (Berrah 2018). The impact
of bycatch on sea turtle populations depends on the fish-
ing areas (Clusa et al. 2016), which explains the hetero-
geneity of sizes along this coast. Similar heterogeneity in
size was reported around the western Mediterranean Sea
(Casale et al. 2011; Piovano et al. 2011; Guarino et al.
2020). Small size turtles spend most of their time in oce-
anic waters (Cardona et al. 2005; Revelles et al. 2007b)
which makes them vulnerable to swordfish driftnets; this
technique is applied more on the west and central coast,
while large size turtles, feeding mainly in neritic areas
(Casale and Margaritoulis 2010; Casale 2011), are ex-
posed to small-scale fishing which operates closer to the
coast. We noticed injuries on 8 turtles, revealing inten-
tional killings (about 20 cm injuries between the plastron
and the carapace). This phenomenon was explained by a
few fishermen. They mentioned that turtles found stuck in
fishing gear, whether alive or dead, would be pierced and

drowned by them in the sea to avoid prosecution, as fish-
ermen knew this species was protected by Algerian law.
Strandings were more common during summer. This
probably coincided with the increase in fishing activities.
Our data agree with the observations of Jribi et al. (2007)
in the Gulf of Gabes (Tunisia), Tomas et al. (2008) in the
Valencian Community (Spain) and Caracappa et al. (2018)
in the Sicilian coast. The frequency of stranding in the
three regions of the Algerian coast was almost identical,
with a slight dominance in the center and the west. This
can be explained by the influence of the pattern of the Al-
gerian currents and water masses and the importance of the
Algerian basin as feeding areas for sea turtles of Atlantic
and Mediterranean origin (Carreras et al. 2006; Revelles et
al. 2007a; Clusa et al. 2016). Clusa et al. (2016) suggests
that immature loggerhead sea turtles entering the western
Mediterranean from the Atlantic and the eastern Med-
iterranean remain linked to particular water masses. The
slight dominance of strandings in west and central regions
is probably due to the geographic leaning of the survey,
which favored the western and central region. Stranding
distribution demonstrates that the central and eastern re-
gion includes more adult turtles. These findings can be ex-
plained by the current potential colonization of the Western
Mediterranean by nesting females coming from the Atlan-
tic (Carreras et al. 2018). This hypothesis was supported
by a predictability model of the distribution of nesting sites
around the Mediterranean basin for the loggerhead turtle
(Pike 2013). While the distribution of juveniles on a large
scale in the West region can be explained by the presence

herpetozoa.pensoft.net
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of'a population of Atlantic origin (mostly juvenile), coming
from Florida, the abundance of this population decreases
downstream, from the Algerian basin to the Adriatic Sea
(Carreras et al. 2006, 2011; Clusa et al. 2014).

The slight dominance of C. caretta stranding in the
eastern Algerian coast during autumn and winter can be
explained by the migrations of this species to remain in
warmer marine areas by following the direction of the Al-
gerian current, which flows near the North African coast
(Millot and Taupier-Letage 2005). This behavior appears
to have been triggered by a change in temperature and
food availability (Bentivegna 2002). Apart from that, the
almost homogeneous spatial and temporal distribution of
the loggerhead population on the Algerian coasts may in-
dicate that this population shows a permanent presence in
the Algerian basin, without any influence of seasonality
(Revelles et al. 2007a).

Our study shows that fisheries interactions are the most
important cause of strandings. This finding is consistent
with other reports elsewhere in the Mediterranean (Ca-
sale et al. 2008; Tomas et al. 2008; Guarino et al. 2020).
This species is still experiencing the heaviest mortality
record. On the western Mediterrancan Sea, the situation
continues to be worrying, despite efforts to modernize
fishing on the Spanish coast to reduce interaction with
sea turtles during the last 10 years (Baez et al. 2019). In
Algeria, the situation is still unclear as there is no study
on this interaction, and most of the fishing gear is still
artisanal, while most of C. caretta, which had interaction
with fisheries in this study, were caught by set or drift net.
The collision with boats is another important source of
mortality with these marine reptiles (Casale et al. 2010).

Dermochelys coriacea

The highest number of leatherback strandings occurred
during autumn and winter, consistent with results from
the Alborean Sea and the Balearic Sea in the Western
Mediterranean (Caminas 1998). The probable cause
could be the presence of the species in this area in search
of food. According to Dodge et al. (2011) and Seminoff
et al. (2012) the prey of leatherback consists mostly of
Chnidaria, class Scyphozoa including Pelagia noctiluca.
The swarms of P. noctiluca follow the progression of the
Atlantic surface water current to enter the Mediterranean
Sea and cross the North African Coast in the late autumn
and early winter (Licandro et al. 2010). Moreover, we
are already aware that the effect of currents largely de-
termines the movements of turtles (Luschi et al. 2003).
According to these data we can hypothesize that strand-
ings along the Algerian coast occur from west to east and
leatherbacks enter the Mediterranean in autumn and win-
ter following the pattern of the current and their prey.
Despite the different components in this survey, the
stranding of a leatherback turtle on the Algerian coast re-
mains a special event and, unlike the loggerhead turtle, it
hardly goes unnoticed. Therefore, the dominance in the
number of strandings on the west and central coast is close

herpetozoa.pensoft.net

to reality. This dominance is explained by the proximity
of this area to the strait of Gibraltar (Casale et al. 2003)
through which these turtles would enter the Mediterranean
Sea. The size of most of the leatherback turtles stranded
was over 90 cm CCL. Therefore, we suggest that these tur-
tles do not leave the tropical waters until they reach a size
of about 100 cm CCL, due to thermal stress (Eckert 2002),
hence reaching the Mediterranean at late juvenile and adult
sizes. We could not identify the cause of stranding in 66.7%
of cases, most of which had intact carcasses. It is difficult
to know what type of human interactions have more impact
on this species. It is quite possible that they were caught by
fishing net and were suffocated. Casale et al. (2013) sug-
gest that set/drift nets and unspecified nets are responsible
for most of the incidental catch of this species in the Med-
iterranean Sea. Otherwise the low interaction with fishing
gears may be due to the composition of the fleet which is
generally artisanal and operates in coastal waters.

Conclusion

From our survey, it appears that loggerheads on the Alge-
rian coast coming from the Atlantic (as shown by previ-
ous genetic studies) and moving east with the main cur-
rents will face anthropogenic threats.

The present study cannot provide detailed information
about the primary cause of mortality, apart from those
caused by fisheries or boat collisions. This is due to a low
number of necropsies and the lack of information about
the interaction with fishing gear.

When discussing the status of the leatherback turtles
on this coast, this study shows a significant presence of
this species. Additionally, this species also suffers from
human interaction, given the large number of strandings
over two years of study.
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