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Abstract

This study presents the results of the first broad-scale assessment of the spatial distribution of the fan mussel (Pinna nobilis
Linnaeus, 1758) population in the Gulf of Erdek (Sea of Marmara, Turkey), based on underwater surveys. The population density
and structure of mussels were estimated by diving along strip transects between the shoreline and a depth of 15.8 m, in a study area
of 9080 km?. A total of 2164 mussels were counted, of which 78.8% were alive, and 21.2% were dead in 29 sites. The mean den-
sity was calculated as 18.3 & 3.3 ind- 100 m, and recorded densities reached 71.2 ind-100 m? among the studied sites. Although
mussel density was very high (>15 ind-100 m?) in nine sites, dead mussels were also recorded in the gulf. Benthic habitats, depth
range, and exposure levels seem to play a crucial role in the spatial distribution and survival of fan mussels. The average height
(+ SE) was calculated as 19.5 + 0.35 cm and 24.9 + 0.37 cm for alive and dead mussels, respectively. The percentage of juveniles
(20 cm) was 57% in the population, and they dominated in seagrass meadow beds and shallow waters. Despite many deaths
due to uncertain causes, the results indicate a partially promising scenario for the fan mussel population in the Gulf of Erdek and
highlight the existence of many alive juveniles that could play a primary role in the sustainability of the population. This situation
is not static, as anthropogenic changes and human activities could affect population welfare in the future. These high-density sites
need to be protected, and protection measures in these locations should include all effects that may cause incidental mortality.

Keywords: Pinna nobilis; critically endangered species; mass mortality; Mediterranean Sea; spatial distribution; population den-

sity; strip transects; conservation.

Introduction

The fan mussel (Pinna nobilis Linnaeus, 1758), en-
demic to the Mediterranean Sea, lives even up to 45-50
years (Rouanet et al., 2015) and can reach to a size of
up to 120 cm (Vicente & Moreteau, 1991). It is found
along the northern and southern coasts of the Mediter-
ranean from Spain to Turkey (including the Sea of Mar-
mara) (Butler et al., 1993). It spreads in seagrass mead-
ows, sandy bottoms, and rhodolith beds (Richardson et
al., 1999; Katsanevakis, 2006; Kersting & Garcia-March,
2017), occurring from the low tide level to approximate-
ly 60 m deep (Butler et al., 1993; Russo, 2012). Pinnids
live partially buried in the substratum up to one-third of
their length and attached to the substratum by their bys-
sus filament (Garcia-March et al., 2007a). P. nobilis feeds
on both phyto and zooplankton; detritus accounts for the
majority of the ingested element (Davenport et al., 2011).
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It can filter 5.99 liters of seawater per hour (Riva, 2002
in Vafidis et al., 2014). Thus, the species plays an essen-
tial ecological role, retaining large amounts of suspended
particulate elements and improving water transparency
(Basso et al., 2015). Their wide-surface shells also pro-
vide a suitable substratum for many species belonging to
different taxonomic groups (Rabaoui et al., 2009).

The majority of fan mussel populations have been
in sharp decline since the outbreak of a mass mortality
event which started along the Spanish coasts in autumn
2016 (Vazquez-Luis et al., 2017). Mass mortalities (up
to 100%) have been reported along the entire Mediter-
ranean, including coasts such as Spain, France, Tunisia,
Croatia, Italy, Cyprus, Greece and Turkey (Cabanel-
las-Reboredo et al., 2019; Kersting et al., 2019; Katsa-
nevakis et al., 2021; Scarpa et al., 2021). High mortality
rates have been observed among Pinnids (Atrina pecti-
nata and A. lischkeana) due to virus-like parasites (Mae-
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no et al., 2006, 2012). Histological and molecular evi-
dence pointed out that a parasite Haplosporidium pinnae
sp. nov. (Catanese ef al., 2018) and bacterial pathogens
such as Mycobacterium sp. (Carella et al., 2019) are like-
ly responsible for the recent mass mortality of P. nobil-
is. Factors such as the destruction of its primary habitat
(seagrass meadows), the deterioration of Mediterranean
water quality (Vicente, 1990), several human activities
such as illegal collection (Zavodnik ef al., 1991), fishing
(Katsanevakis, 2007), coastal infrastructure, and tourism
activities (Ondes et al., 2020a) have damaged fan mus-
sels in the past, and undoubtedly contributed to the de-
cline of the species. Due to the sharp decline of its global
population and its high risk of extinction, the species is
strictly protected under several international and national
laws and directives (e.g., the European Council Habitats
Directive 92/43/EEC and SP/BD Protocol of the Barcelo-
na Convention UNEP) as well as inside existing marine
protected areas. The species has been assessed as “Crit-
ically Endangered” for the global and Mediterranean re-
gional assessment since 2019 (Kersting et al., 2019).
Although mass mortalities were also reported in Tur-
key, reaching up to 100% in some locations (Ondes et
al., 2020a; Ondes et al., 2020b; Ozalp & Kersting, 2020;
Acarli et al., 2021), Ondes et al. (2020b) reported unin-
fected fan mussel population around Erdek (close to the
south Marmara Islands), and Cinar et al. (2021a) report-
ed high densities in the south of the Marmara Islands.
However, just seven months after the latter study, Cinar
et al. (2021b) reported the sad collapse of the population
in the Marmara Islands. This study aims to characterize
the ecology and density of the P. nobilis populations in
the Gulf of Erdek (Marmara Sea, Turkey), one of the few
populations unaffected by mass mortalities. The informa-
tion provided in this study is essential, since the studied
population may substantially contribute to securing the
survival of the species in the Mediterranean Sea.

Materials and Methods

This study was conducted on the coasts of the Gulf
of Erdek in the autumn of 2021. The Gulf of Erdek is a
semi-enclosed wide embayment located in the southern
part of the Sea of Marmara, Turkey (Fig. 1), and it is par-
tially separated from the Sea of Marmara by the Kapidag
Peninsula, Marmara, Pasalimani, and Avsa Islands. The
coast of the gulf is one of the least populated and indus-
trialized regions around the Sea of Marmara. The region’s
population is about 32000, and about 10 times more with
the effect of tourism in summer. It is affected by domestic
factors (sewage and wastes) and human activities (tour-
ism and small-scale fisheries) (Per¢in-Pagal et al., 2019).
The gulf'is characterized by shallow and calm waters, and
the insufficient current makes the area vulnerable to sud-
den changes (e.g., temperature, and pollution). The Gonen
and Biga rivers are the transport routes carrying pollut-
ants into the Gulf of Erdek (Keskin, 2007).

For surveying the fan mussel population, 29 sites were
selected from different parts of the gulf (Fig. 1; Table 1).
The selection of study sites was based on their exposure
to different human activities, which were fisheries (1),
anchoring (2), tourism (3), diving effects (4), and unex-
posed areas (5). Fishing activities based on gill nets and
cast nets are carried out in the gulf. Illegal sea cucumber
fishing by artisanal divers is known in the gulf. The tour-
ism effect refers to the daily visitors who come to the
beaches to swim. Diving activities refer to the sites where
commercial diving is not permitted and SCUBA diving
is performed for training purposes only. Data collection
was performed by SCUBA diving along strip transects in
each site (Katsanevakis, 2007; Theodorou et al., 2017).
A chain strip segmented at five-meter intervals with yel-
low plastic key holders was stretched perpendicular to
the shoreline using a diving compass (Hastie & Tibshi-
rani, 1990). The surveyed area was limited to the depth
at which the density of the fan mussel ended. Two divers
swam along the transect, counting all mussels (both alive
and dead) encountered within 2 m wide corridors on both
sides of the strip (Fig. 2A, 2B). Thus, a total area of 20 m?
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Fig. 1: Sampling sites and density status of Pinna nobilis in the
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Table 1. Details of sampling sites, transects and Pinna nobilis densities (ind- 100 m) in the Gulf of Erdek.

Site Transect Density (ind-100 m?)
No* Coordinate Ext];(;l:re Dii::ll;lce D(P;E;h 2:::2::; Alive  Dead  Status*
S1se 40.32500° N, 27.63722° E F 110 14.1 440 9.1 3.0 A
S2sa 40.31833° N, 27.64805° E F 80 4.5 320 9.4 3.8 A
S3sa 40.31138° N, 27.66138° E F 140 14.6 560 5.9 2.5 A
S4M 40.30777° N, 27.67972° E F 105 13.1 420 11.0 2.9 H
S5® 40.31500° N, 27.70777° E F 50 12.0 200 6.0 3.5 A
S6 5 40.30889° N, 27.74417° E F 40 8.2 160 3.1 1.9 A
S7M 40.31389° N, 27.78306° E F 120 14.6 480 8.3 4.0 A
Sg s 40.32722° N, 27.79944° E 8) 65 8.8 260 10.0 0.8 H
S9 s 40.34583° N, 27.82361° E U 95 14.6 380 4.5 1.3 L
S10% 40.35306° N, 27.84194° E U 60 12.2 240 2.9 2.9 L
S11se 40.36056° N, 27.86167° E U 45 6.9 180 12.2 1.1 H
S12% 40.36583° N, 27.86472° E U 70 83 280 30.7 1.4 VH
S136 40.36639° N, 27.87222° E 8] 45 6.9 180 2.8 1.1 L
S145se 40.37472° N, 27.87972° E 8) 75 6.3 300 64.0 12.0 VH
S15%e 40.38056° N, 27.87694° E U 85 7.1 340 71.2 13.2 VH
S16% 40.38278° N, 27.87056° E T 90 11.1 360 325 4.2 VH
S17% 40.38694° N, 27.85500° E T 70 14.1 280 12.1 3.2 H
S18% 40.39306° N, 27.83861° E T 110 10.8 440 43.2 3.2 VH
S193% 40.39833° N, 27.82750° E A 45 9.9 180 11.7 5.6 H
S20 5 40.38750° N, 27.79444° E D 95 12.4 380 0.0 14.2 N
S21 s 40.39167° N, 27.79583° E A 20 2.1 80 7.5 1.3 A
S22 % 40.40500° N, 27.78667° E T 95 13.5 380 313 5.8 VH
S23 5 40.41333° N, 27.77472° E A 65 10.4 260 34.6 3.8 VH
S24M 40.42583° N, 27.75583° E U 70 11.3 280 11.8 5.7 H
S258a 40.44417° N, 27.75500° E T 105 11.8 420 7.9 6.2 A
S265 40.45556° N, 27.74111° E T 80 9.2 320 33.4 17.8 VH
S27%e 40.45639° N, 27.71639° E U 60 11.1 240 29.6 6.7 VH
S28 5 40.46000° N, 27.71167° E U 105 8.9 420 9.8 2.9 A
S29 5 40.47639° N, 27.68806° E A 75 8.4 300 13.3 4.7 H

*Dominant habitat: %: gravelly, M: muddy, ®: rocky, *: sandy, 5¢: seagrass meadow

® D: diving, F: fisheries, A: anchoring, T: tourism effect, U: unexposed

¢ N: none, L: low, A: average, H, high, VH, very high

was surveyed between the two marked segments. Depth
was measured with a digital dive computer at the mid-
point per segment. Defining the habitat characteristics
was classified according to the International Union for
Conservation of Nature (IUCN, 2021): seagrass mead-
ows (1), shellfish beds (2), rocky (3), sandy (4), muddy
(5), and gravelly sediment (6). Alive and dead mussels
could be easily distinguished. While alive mussels react-
ed to any effect (approaching close, touching, etc.), dead
mussels were unresponsive, or open valves not closed and
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contained no tissue. Mussels in which the shell form was
damaged (broken, plucked, cracked, etc.), were defined
as damaged alive or damaged dead (Fig. 2C). Many dead
fan mussels which were washed ashore were also found
in the study areas (Fig. 2D). Unburied mussels were not
considered because they may be transported haphazardly
by the current, adversely affecting the distribution results.
The mean density of each site was calculated as the num-
ber of individuals per hundred square meters (ind-100
m?). The part of the littoral zone exposed at low water
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Fig. 2: Divers who swam along the transect (A), alive fan mussels observed along the strip transect (B), wracked dead shells on
the coastline (C), buried and damaged specimen (D), and an alive juvenile with 7.7 cm unburied length (UL) in the Gulf of Erdek.

and submerged at high water is the foreshore (0-2 m).
The foreshore provides some protection to the backshore
against the full effects of the wave and tidal energy. The
surf zone (2-14 m) is where waves break due to depth
limitation. In total, a 9080 km? area was surveyed from
the shoreline up to 15.8 m depth. A relative estimation
scale was used to calculate density: low (<5 ind-100 m™),
average (5-10 ind-100 m™), high (10-15 ind-100 m™) and
very high (>15 ind-100 m?) (Rabaoui et al., 2008). The
morphological features of fan mussels were measured in
situ to avoid unnecessary removal and disturbances. The
unburied length (UL), maximum width (W), and width at
sediment level (w) were measured with a multi-caliper to
the nearest millimeter (Fig. 2E). The total height of the
fan mussel (H,, in cm) was estimated using this equation:

H,=UL+h

where h is the buried length which is equal to 1.79w +
0.5 (Garcia-March et al., 2002). Specimens with a H, up
to 20 cm are considered juveniles, and those larger than
20 cm are considered adults (Sileti¢ & Peharda, 2003).
The statistical treatment of the data was conducted with
SPSS v0.26. All data are reported as mean values with
standard error (mean + SE). The normality of the data
was checked using the Kolmogorov-Smirnov test. Signif-
icance levels for all statistical tests were established at p =
0.05 a prior (Sokal & Rohlf, 1969).

Results

A total of 2164 individuals of fan mussels were re-
corded in the surveyed area; 1705 (78.8%) were alive and
459 (21.2%) were dead. Alive individuals were found at
28 out of 29 sites, and the mean density ranged from 0
to 71.2 ind-100 m? among sites with a mean 18.3 + 3.3
ind-100 m2. According to the relative density scale, very
high densities were recorded in nine sites, and the center
side of the gulf (Site 14 and Site 15) hosts fan mussel
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beds reaching more than 50 ind- 100 m (Table 1). Densi-
ties of fan mussels showed significant difference among
studied sites for alive (Kruskal-Wallis, H = 69.874, df
=28, p < 0.05) and dead mussels (Kruskal-Wallis, H =
48.604, df =28, p < 0.05).

The surveyed area was characterized by the domi-
nance of sandy habitat, which occupied 44% of the cover,
followed by seagrass meadow with 26%. The sandy habi-
tat was the most common, with 54% in the foreshore zone
(0-2 m). Patchy seagrass meadows Zostera marina, Cy-
modocea nodosa, and Chaetomorpha sp. were observed
where the depth is shallower than 9.3 m, and the high-
est concentration was determined from 1 to 6 m (90%).
Posidonia oceanica has only narrow distribution in the
north part of the Gulf of Erdek. When one goes deeper
than 10 m, the transition from seagrass meadow to sandy
and muddy habitat is evident. The shellfish bed, which
was distributed to depths between 4.8 and 12.6 m, was
observed only in a few sites in 4% of the study area. The
highest density for alive mussels was recorded in settled
seagrass meadows, with 55.2 ind-100 m? The mussel
density was low (<5 ind-100 m?) in the rocky, gravel-
ly and shellfish bed substrata (Fig. 3). Densities of alive
(Kruskal-Wallis, H = 209.13, df = 5, p < 0.05) and dead
mussels (Kruskal-Wallis, H=60.15, df = 5, p <0.05) dif-
fered significantly according to the habitat types.

Alive mussels were recorded at depths between 0.3
m and 13.4 m, and dead mussels at depths between 0.8
m and 14.6 m. The majority (89%) of alive mussels was
counted from shoreline to 6 meters depth, while dead
mussels were concentrated deeper (4-12 m). Alive mus-
sels were placed at a very high density from 2 to 6 m depth
range (Fig. 4). Densities of fan mussels significantly dif-
fered between depth ranges for alive (Kruskal-Wallis, H
=116.3,df=7, p <0.05) and dead mussels (Kruskal-Wal-
lis, H = 1014, df = 7, p < 0.05). Alive juveniles (<20
cm) were concentrated in the shallow part (0-4 m). Adult
individuals were in the majority in deeper waters from 4
to 16 m (Fig. 4). Depth seemed to have had a relevant role

Medit. Mar. Sci., 23/3 2022, 473-483
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in influencing population size structure (Kruskal-Wallis,
H = 78.25, df = 6, p < 0.05), and significant differences
in population size structure were found among the habitat
types (Kruskal-Wallis, H=19.40, df = 5, p < 0.05).

The average alive mussel density was recorded as
16.1 ind-100 m? for areas exposed to human activities
and 23.9 ind- 100 m? for unexposed areas. The mean mus-
sel densities in the exposed (Mann-Whitney, U = 167.0,
7. =-0.298, p = 0.766) and unexposed areas (Mann-Whit-
ney, U = 161.0, Z = -0.507, p = 0.612) were not statis-
tically different. The highest density (27.3 ind-100 m?)
was recorded in sites where the tourism effect occurred.
The density of alive mussels was quite low (8 ind-100
m?) in the fishery sites. All mussels were dead in Site 20,
where the sportive diving training was conducted, and the
highest dead mussel density (14.2 ind- 100 m) was deter-
mined there (Fig. 5). Significant differences occurred in
the densities of alive (Kruskal-Wallis, H=28.771, df =4,
p <0.05) and dead mussels (Kruskal-Wallis, H = 10.960,
df =4, p < 0.05) between areas exposed to different hu-
man activities.

The rate of damaged fan mussel was calculated as
12.2% and 4.8% in the unexposed and exposed areas, re-
spectively. The differences of damaged mussels between
exposed and unexposed areas were not statistically sig-
nificant (Mann-Whitney, U = 22812.5, Z = -0.203, p =

Medit. Mar. Sci., 23/3 2022, 473-483

0.839). The rates of damaged fan mussels were 57.4%,
13.5%, 13.3%, 8.1% and 4.8% in diving, anchoring, fish-
eries, tourism affected and unexposed areas, respectively.
Analyses showed no significant differences for densities
of damaged mussels between sub-areas exposed to dif-
ferent human activities (Kruskal-Wallis, H = 2.557, df =
3, p=0.634).

The average H, and W of alive fan mussels were es-
timated as 19.5 = 0.35 cm (11.8-31.4 cm) and 7.9 = 0.15
cm (4.3-13.0 cm), respectively. Fifty-seven percent of the
alive mussels (n = 118) were juvenile (<20 cm) (Fig. 6).
Significant differences occurred in the H (t=-10.163, n,
=207,n,= 132, p <0.05) and W (t = -11.531, n, = 207,
n,= 132, p <0.05) between alive and dead mussels. The
average H and W of dead fan mussels were estimated as
249 £0.37 cm (12.3-32.1 cm) and 10.5 £ 0.16 cm (4.8-
12.7 cm), respectively. The dead mussels were mainly
composed of adult specimens (87.9%), but juvenile in-
dividuals (12.1%) were also encountered. No significant
differences occurred in the size of dead mussels among
depths (ANOVA, F = 1.350, df =7, p = 0.23) and habitat
types (ANOVA, F = 1.159, df =4, p = 0.33). Statistically,
significant power relationships were determined between
H, and W, both alive (+*= 0.84, n = 207, p < 0.001) and
dead mussels (7= 0.80, n =132, p <0.001).
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Discussion

The current study highlighted the wide spread of the
fan mussel beds throughout the Gulf of Erdek and the
presence of fan mussel populations with high densities
up to 71.2 ind-100 m™?. Densities of fan mussels ranging
from 0 to 130 ind- 100 m were reported in the Mediterra-
nean Sea (Basso et al., 2015). Spatial distribution, abun-
dance and mortality of fan mussels are affected by several
factors such as environmental stress, including variations
of temperature, salinity, depth, habitat (Hendriks et al.,
2011; Vafidis et al., 2014; Kurihara et al., 2018) and hu-
man activities (Galinou-Mitsoudi et al., 2006; Deudero
et al., 2015; Ondes et al., 2020a). Despite the collapse
on the Turkish coasts of the Mediterranean, Aegean Sea
and Dardanelles Strait (Ondes et al., 2020a; Ondes et al.,
2020b; Ozalp & Kersting, 2020; Acarli et al., 2021; Cinar
et al., 2021a; Kiinili et al., 2021), high-density alive fan
mussel populations continue to exist in the Sea of Mar-
mara. The mean density of P. nobilis was reported as 11
ind-100 m2by Ondes et al. (2020b) in the middle Aegean
Sea, then a high mortality rate (97%) was reported in the
same area (Ondes et al., 2020a). Much higher densities,
up to 9 ind-m?, were reported in shallow waters (<5 m)
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from the Dardanelles Strait in 2014, but a devastating col-
lapse was found in the same revisited region with high
mortalities (99.68% and 85.71% in two different sites)
in April 2020 (Ozalp & Kersting, 2020). Cmar et al.
(2021a) stated that the density of the fan mussel popu-
lation ranged from 6 to 240 ind-100 m™ in the southern
part of the Marmara Islands in September 2020. In spring
2021, the same researchers (Cinar ef al., 2021b) revealed
a mass mortality event of fan mussel beds, which were
reported to be healthy just seven months before.

All 54 fan mussels at Site 20 were dead, and this site
was characterized by weak hydrodynamic factors and
high turbidity. The densities of mussels differed between
the surveyed sites (Table 1), and the spatial distribution
was mainly related to habitat type. The highest densi-
ties (mean 55.2 ind-100 m) were recorded in seagrass
meadows, lower in the other habitats (Fig. 3). This result
concurs with the widely known density relationship and
habitat fidelity of fan mussels for P. oceanica seagrass
meadows (Vazquez-Luis et al., 2014), rthodolith beds
and boulders (Kersting & Garcia-March, 2017) and oth-
er vegetated habitats (Katsanevakis & Thessalou-Legaki,
2009). Such habitat-related variations have a meaningful
impact on P. nobilis survival and recruitment (Duarte et

Medit. Mar. Sci., 23/3 2022, 473-483



al., 1999; Katsanevakis & Thessalou-Legaki, 2009; Hen-
driks et al., 2011). Seagrass meadow offers to fan mussel
the most suitable structures for the implantation of byssus
filaments (Garcia-March et al., 2007a), attenuates the wa-
ter speed, and reduces the drag forces that act on the mus-
sels increasing their optimal survival size (Garcia-March
& Kersting, 2006). Health status of seagrass meadow in
the Gulf of Erdek is partially good, although some were
striped, mashed or scraped, which are indicators of dam-
age. It is thought that seagrass damage is caused by gill
nets used by fishers and anchors used in boats.

The highest alive mussel densities mainly were re-
stricted to the shallow zone between 2 and 6 m, progres-
sively decreasing with depth (Fig. 4). Twenty-one percent
of the alive mussels were recorded in the foreshore zone
(0-2 m), most exposed to human effects. No alive mussels
were found in the area outside the surf zone (2-14 m).
There is also evidence of well-developed populations at
sites deeper than 30 m (Kersting & Garcia-March, 2017).
In fact, due to hydrodynamics, densities might be higher
at depth than in shallow areas. The main factor affect-
ing the distribution of the species is not depth, and ju-
veniles were concentrated in areas of seagrass that were
usually in shallow waters. Therefore, we think that the
depth distribution of mussels in the Gulf of Erdek is re-
lated to habitat preference. There is compelling evidence
that depth significantly affects species density (Zavod-
nik, 1967; Sileti¢ & Peharda, 2003; Coppa et al., 2013).
Tsatiris et al. (2018) argued that different densities are
primarily due to the relationship of depth with several
essential environmental parameters such as temperature,
light intensity, hydrodynamics, bottom substratum, and
primary and secondary productivity. Stagnant waters in
protected areas where there is no human activity provide
unexposed conditions for P. nobilis, and populations were
determined to peak at less than a meter deep (Prado ez al.,
2014; Russo, 2017). Sari¢ et al. (2020) reported that shal-
low areas less exposed to sea current were at lower risk
of pathogen transmission. In addition, seagrass meadows
provide shelter for fan mussels against hydrodynamic
movements, and density reaches its highest in shallow
meadows where juveniles live (Hendriks et al., 2011).
Kersting & Garcia-March (2017) reported that natural re-
cruitment might be affected by other factors such as pre-
dation, especially in protected sites where predators are
abundant. The Gulf of Erdek is an unprotected area, and
the excess of juveniles may be more associated with the
absence of predators.

The Gulf of Erdek is a non-protected area under any
management plan, and especially the surf zone of the
gulf is exposed to different commercial and recreational
human activities. The vast majority (57.4%) of the mus-
sels were damaged in the population. Human effects are
thought to contribute to this, but there is no conclusive
evidence. A damaged P. nobilis may be more exposed
to predators, thus increasing mortality from predation
(Garcia-March et al., 2007a). Many anthropogenic fac-
tors affect fan mussels, such as sewage discharges, coast-
al construction, habitat degradation, illegal extraction,
fishing activities, and anchoring (Ondes et al., 2020a).
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The average mussel density in sites under pressure from
fishing activities was relatively low (8 ind-100 m?). Arti-
sanal fishery activities such as net-fishing may devastate
the fan mussel beds (Vafidis et al., 2014; Vazquez-Luis et
al., 2014). However, the fan mussel is highly vulnerable
to direct anchor damage (Vazquez-Luis et al., 2015). Al-
though fan mussel densities between exposed and unex-
posed areas were statistically insignificant (Fig. 5), there
is substantial evidence that conservation strategies sup-
port the increase of mussel density (Vazquez-Luis et al.,
2014; Deudero et al., 2015; Vazquez-Luis et al., 2017).

The majority of the population in the Gulf of Erdek
is characterized by the predominance of small-sized
(juvenile) individuals (Fig. 6), which were found in al-
most all sites, indicating successful recruitment in spe-
cific areas. Fan mussels grow fast in the first years of
life, sizes show extreme variation among different stocks
or even among groups of individuals inhabiting multiple
depths at a similar habitat (Katsanevakis, 2006; Garcia-
March et al., 2007b; Kersting & Garcia-March, 2017).
P. nobilis population in the Gulf of Erdek is composed
of smaller individuals (H, ranged from 11.8 to 31.4 ¢cm)
when contrasted to the other Mediterranean populations
(Katsanevakis, 2006; Centroducati et al., 2007; Garcia-
March et al., 2007b; Theodorou ef al., 2017; Ruitton &
Lefebvre, 2021). Size ranges of the fan mussel population
from Dardanelles Strait are consistent with our results. H,
range was reported between 10.8 and 30.0 cm by Acarli et
al. (2021) and between 11.0 and 47.5 cm by Kiinili et al.
(2021). Cinar et al. (2021b) reported that some juvenile
individuals were observed in the south Marmara Islands.
The average size of dead mussels was determined as 24.9
cm and it seems that many dead individuals are in that
juvenile-adult limit (20 cm). Larger individuals were ab-
sent, mainly due to the young population in the Gulf of
Erdek. The growth performance of populations in Erdek
Gulf is unknown. Therefore, detailed population studies
are needed to make a definite judgment about the popu-
lation structure. Juveniles have a better reaction to patho-
gens (Sari¢ et al., 2020) and accordingly, their survival
rate is quite high (Acarli et al., 2011). Although the main
cause of such higher survival in juveniles than adults is
unclear, the fact that juveniles with a high percentage
have been observed in the study area indicates successful
recruitment. The mean mortality rate of fan mussels was
found as 21.2% (ranged between 4.4% and 100% at 29
sites) in the Gulf of Erdek. Similarly, Cinar et al. (2021b)
reported that fan mussels were found at seven stations
out of 10, of which 88% were dead in the south Marmara
Islands (in the most recent study conducted in the region),
and the highest number of dead individuals was encoun-
tered in shallow waters (0-4 m depth).

The percentage of population size reduction over the
last ten years is >80%, and the pathogen that has caused
the mass mortality event is still present in the Mediter-
ranean, with continuing declines expected (Kersting et
al., 2019). Mass mortalities of the P. nobilis popula-
tions reaching up to 100% occurred along the Mediter-
ranean (Cabanellas-Reboredo et al., 2019), Adriatic Sea
(Ciimek et al.,2020), Aegean Sea (Catanese ef al., 2018;
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Katsanevakis, 2019), Dardanelles Strait (Ondes et al.,
2020b; Ozalp & Kersting, 2020; Acarli et al., 2021), Bos-
nia and Herzegovina (Celebigié et al., 2020), and even
the Sea of Marmara (Ondes et al., 2020b; Cinar et al.,
2021a; Cimar et al., 2021b). The findings indicated that
mass deaths were commonly caused by H. pinnae (Dar-
riba, 2017; Vazquez-Luis et al., 2017; Catanese et al.,
2018; Cizmek et al., 2020). According to recent research,
deaths also seem to occur due to co-infection of the pro-
tozoa with bacteria such as Mycobacterium sp. or Vibrio
sp. (Carella et al., 2019; Kiinili et al., 2021). There is no
definitive report about the presence of pathogens in the
Sea of Marmara yet. There is evidence of disease-related
mass mortality of fan mussels in the Dardanelles Strait,
connected to the Sea of Marmara (Ondes et al., 2020b;
Ozalp & Kersting, 2020; Acarli et al., 2021). Kiinili et al.
(2021) suggest that the spread of pathogens may occur
earlier than expected in the Marmara Sea and the Black
Sea. In April of 2021, there was a massive explosion of
marine mucilage in the Sea of Marmara, so that many
invertebrates of marine communities suffered mass mor-
tality (Ozalp, 2021; Topgu & Oztiirk, 2021; Karadurmus
& Sari, 2022). Cinar et al. (2021b) put forward that the
cause of death might be associated with this catastroph-
ic mucilage event. The effect of marine mucilage on fan
mussel beds is not yet known. The Sea of Marmara also
faces many enormous rivers and municipal sewage pollu-
tion, agricultural, and shipping activities. The survival of
fan mussel beds, as opposed to anthropogenic pressures,
human impacts, and potential pathogens, will largely de-
pend on the relationship between rate of mortality and
recruitment in the Gulf of Erdek.

Conclusions

The aim of this study was to give a better understand-
ing of the distribution and densities of fan mussels in the
Gulf of Erdek through new findings. Artisanal divers
confirm the fan mussels have been in the study area since
the beginning of the 2000s. No recent death has been seen
yet, and fresh tissue has not been found in dead individ-
uals, and living individuals are quite dense in the Gulf of
Erdek. Whereas it is difficult to predict the extent of the
mortality of fan mussels due to a lack of previous status
of populations, the current available evidence shows high
densities in the Gulf of Erdek. The presence of a high
density of alive individuals in the study area is promising
for the survival of the species. These areas are critical for
recruitment and juvenile survival of fan mussels. The fan
mussel was first protected in 1997 (In the Official Ga-
zette of the Republic of Turkey dated 9 March 1997 and
numbered 22928) and is still on the protected (prohibit-
ed) species list in Turkey. As recommended by the [UCN
(Kersting et al., 2019), high-density sites in the Gulf
of Erdek need to be protected, and protection measures
should include all effects that may cause incidental mor-
tality. Small-scale fisheries in the Gulf of Erdek must be
regulated to minimize their direct impact on fan mussel
beds. Using stable vessel buoys should be supported to
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reduce the effects of anchoring on seagrass meadows. It
is also essential to carry out regular awareness campaigns
to not harm the mussels for the visitors who come to the
beaches for swimming. Ondes et al. (2020b) and Cinar
et al. (2021a) had also suggested it for the south Mar-
mara Islands previously. It is clear that these measures
will contribute to the survival of fan mussel populations,
and this contribution has been proven before in Marine
Protected Areas (Rouanet et al., 2015; Véazquez-Luis et
al., 2017). Although seagrass meadows are the primary
habitat of the fan mussel, they have been severely dam-
aged in the Mediterranean Sea (Marba et al., 2014), so
a special conservation plan is needed for the protection
of seagrass meadows in the Gulf of Erdek. The popula-
tions’ recovery may be possible by spreading larvae from
unaffected sites and potential recolonization through
exporting larvae (Garcia-March et al., 2020; Kersting
et al., 2020). Populations in affected areas may recover
if at least some of the resident individuals in the Sea of
Marmara as a P. nobilis reservoir show resistance to the
disease. The geographical range of available data covers
the entire Gulf of Erdek, but is not fully representative
of the species bathymetric distribution of the population.
Thus, the status of P. nobilis populations in the deeper
part of their depth range needs further investigation. Fur-
ther population studies are needed, including age-based
growth performance and mortality rates of mussel pop-
ulations in the Gulf of Erdek. Most importantly, the en-
tire Sea of Marmara, including the Gulf of Erdek, should
be regularly monitored to detect the presence/absence of
pathogens that cause mass death in fan mussels.

Acknowledgements

This work was supported by the Scientific Research
Projects Coordination Unit of Bandirma Onyedi Eyliil
University [Project number: BAP-20-1004-003]. The
authors would like to thank Tacan Benli, an Underwater
Technology Program student, for voluntarily accompany-
ing dives throughout the study. The authors declare that
they have no actual, potential, or perceived conflict of in-
terests on this article. The authors followed all applicable
international, national, and institutional guidelines for the
care and use of animals. The datasets generated during
and analyzed during the current study are available from
the corresponding author on reasonable request.

References

Acarly, S., Lok, A., Yigitkurt, S., Palaz, M., 2011. Culture of fan
mussel (Pinna nobilis, Linnaeus 1758) in relation to size on
suspended culture system in Izmir Bay, Aegean Sea, Tur-
key. Journal of the Faculty of Veterinary Medicine, Kafkas
University, 17 (6), 995-1002.

Acarly, S., Acarli, D., Kale, S., 2021. Current status of criti-
cally endangered fan mussel Pinna nobilis (Linnaeus 1758)
population in Canakkale Strait, Turkey. Marine Science and
Technology Bulletin, 10 (1), 62-70.

Medit. Mar. Sci., 23/3 2022, 473-483



Basso, L., Vazquez-Luis, M., Garcia-March, J.R., Deudero,
S., Alvarez, E. et al., 2015. The pen shell, Pinna nobilis:
A review of population status and recommended research
priorities in the Mediterranean Sea. Advances in Marine Bi-
ology, 71, 109-160.

Butler, A., Vicente, N., Gaulejac, B., 1993. Ecology of the pte-
rioid bivalves Pinna bicolor Gmelin and Pinna nobilis L.
Marine Life, 3, 37-45.

Cabanellas-Reboredo, M., Vazquez-Luis, M., Mourre, B.,
Alvarez, E., Deudero, S. et al., 2019. Tracking the mass
mortality outbreak of pen shell Pinna nobilis populations:
a collaborative effort of scientists and citizens. Scientific
Reports, 9, 13355.

Carella, F., Aceto, S., Pollaro, G., Micccio, A., Carrasco, N. et
al., 2019. An emerging mycobacterial disease is associated
with the silent mass mortality of the Pen shell Pinna nobi-
lis along Tyrrhenian coastline of Italy. Scientific Reports,
9,2725.

Catanese, G., Grau, A., Valencia, J.M., Garcia-March, J.R.,
Vazquez-Luis, M. et al., 2018. Haplosporidium pinnae
sp. nov., a haplosporidian parasite associated with mass
mortalities of the fan mussel, Pinna nobilis in the Western
Mediterranean Sea. Journal of Invertebrate Pathology, 157,
9-24.

Celebici¢, M., Gradas¢evi¢, N., Viteski¢, V., 2020. Is Pinna
nobilis 1. critically endangered in Neum bay, Bosnia and
Herzegovina? Veterinaria, 69 (3), 221-227.

Centoducati, G., Tarsitano, E., Bottalico, A., Marvulli, M., Lai,
O.R. et al., 2007. Monitoring of the endangered Pinna no-
bilis Linné,1758 in the Mar Grande of Taranto (Ionian Sea,
Italy). Environmental Monitoring and Assessment, 131,
339-347.

Cizmek, H., Coli¢, B., Gragan, R., Grau, A., Catanese, G., 2020.
An emergency situation for pen shells in the Mediterranean:
The Adriatic Sea, one of the last Pinna nobilis shelters, is
now affected by a mass mortality event. Journal of Inverte-
brate Pathology, 173, 107388.

Coppa, S., de Lucia, G.A., Magni, P., Domenici, P., Antognarel-
li, F. et al., 2013. The effect of hydrodynamics on shell ori-
entation and population density of Pinna nobilis in the Gulf
of Oristano (Sardinia, Italy). Journal of Sea Research, 76,
201-210.

Cinar, M., Bilecenoglu, M., Yokes, M., Giigliisoy, H., 2021a.
Pinna nobilis in the south Marmara Islands (Sea of Marma-
ra); it still remains uninfected by the epidemic and acts as
egg laying substratum for an alien invader. Mediterranean
Marine Science, 22 (1), 161-168.

Cinar, M., Bilecenoglu, M., Yokes, M., Giigliisoy, H., 2021b.
The last fortress fell: mass mortality of Pinna nobilis in the
Sea of Marmara. Mediterranean Marine Science, 22 (3),
669-676.

Darriba, S., 2017. First haplosporidan parasite reported infect-
ing a member of the Superfamily Pinnoidea (Pinna nobilis)
during a mortality event in Alicante (Spain, Western Medi-
terranean). Journal of Invertebrate Pathology, 148, 14-19.

Davenport, J., Ezgeta-Bali¢, D., Peharda, M., Skeji¢, S.,
Nin&evi¢-Gladan, Z. et al., 2011. Size-differential feeding
in Pinna nobilis L. (Mollusca: Bivalvia): exploitation of de-
tritus, phytoplankton and zooplankton. Estuarine, Coastal
and Shelf Science, 92 (2), 246-254.

Medit. Mar. Sci., 23/3 2022, 473-483

Deudero, S., Vazquez-Luis, M., Alvarez, E., 2015. Human
stressors are driving coastal benthic long-lived sessile fan
mussel Pinna nobilis population structure more than envi-
ronmental stressors. PLoS ONE, 10 (7), ¢0134530.

Duarte, C.M., Benavent, E., Sanchez, M.C., 1999. The micro-
cosm of particles within seagrass (Posidonia oceanica) can-
opies. Marine Ecology Progress Series, 181, 289-295.

Galinou-Mitsoudi, S., Vlahavas, G., Papoutsi, O., 2006. Popu-
lation study of the protected bivalve Pinna nobilis (Linnae-
us, 1758) in Thermaikos Gulf (North Aegean Sea). Journal
of Biological Research, 5, 47-53.

Garcia-March, J.R., Garcia-Carrascosa, A.M., Luis Pefia, A.,
2002. In situ measurement of Pinna nobilis shells for age
and growth studies: a new device. Marine Ecology, 23 (3),
207-217.

Garcia-March, J.R., Kersting, D.K., 2006. Preliminary data
on the distribution and density of Pinna nobilis and Pinna
rudis in the Columbretes Islands Marine Reserve (Western
Mediterranean, Spain). Organism Diversity and Evolution,
6, 6-16.

Garcia-March, J.R., Pérez-Rojas, L., Garcia-Carrascosa, A.M.,
2007a. Influence of hydrodynamic forces on population
structure of Pinna nobilis L., 1758 (Mollusca: Bivalvia):
the critical combination of drag force, water depth, shell
size and orientation. Journal of Experimental Marine Biol-
ogy and Ecology, 342, 202-212.

Garcia-March, J.R., Garcia-Carrascosa, A.M., Pefia Cantero,
A.L., Wang, Y.G., 2007b. Population structure, mortality
and growth of Pinna nobilis Linnaeus, 1758 (Mollusca, Bi-
valvia) at different depths in Moraira bay (Alicante, West-
ern Mediterranean). Marine Biology, 150 (5), 861-871.

Garcia-March, J.R., Tena, J., Henandis, S., Vazquez-Luis, M.,
Lopez, D. et al., 2020. Can we save a marine species affect-
ed by a highly infective, highly lethal, waterborne disease
from extinction?. Biological Conservation, 243, 108498.

Hastie, T.J., Tibshirani, R.J., 1990. Generalized additive models
(monographs on statistics and applied probability). Chap-
man & Hall, London, 352 pp.

Hendriks, I.E., Cabanellas-Reboredo, M., Bouma, T.J., Deude-
ro, S., Duarte, C.M., 2011. Seagrass meadows modify drag
forces on the shell of the fan mussel Pinna nobilis. Estuar-
ies and Coasts, 34, 60-67.

TUCN, 2021. International Union for Conservation of Nature:
Habitats Classification Scheme (Version 3.1). https://www.
iucnredlist.org/resources/habitat-classification-scheme
(Accessed 15 September 2021).

Karadurmus, U., Sari, M., 2022. Marine mucilage in the Sea
of Marmara and its effects on the marine ecosystem: mass
deaths. Turkish Journal of Zoology, 46 (1), 93-102.

Katsanevakis, S., 2006. Population ecology of the endangered
fan mussel Pinna nobilis in a marine lake. Endangered Spe-
cies Research, 1, 51-59.

Katsanevakis, S., 2007. Growth and mortality rates of the fan
mussel Pinna nobilis in Lake Vouliagmeni (Korinthiakos
Gulf, Greece): a generalized additive modelling approach.
Marine Biology, 152 (6), 1319-1331.

Katsanevakis, S., Thessalou-Legaki, M., 2009. Spatial distribu-
tion, abundance and habitat use of the protected fan mussel
Pinna nobilis in Souda Bay, Crete. Aquatic Biology, 8, 45-
54.

481



Katsanevakis, S., 2019. The cryptogenic parasite Haplosporid-
ium pinnae invades the Aegean Sea and causes the collapse
of Pinna nobilis populations. Aquatic Invasions, 14 (2),
150-164.

Katsanevakis, S., Carella, F., Cinar, M.E., Cizmek, H., Jimenez,
C. et al., 2021. The fan mussel Pinna nobilis on the brink
of extinction in the Mediterranean. Reference Module in
Earth Systems and Environmental Sciences. https://doi.
org/10.1016/B978-0-12-821139-7.00070-2.

Kersting, D.K., Garcia-March, J.R., 2017. Long-term assess-
ment of recruitment, early stages and population dynamics
of the endangered Mediterranean fan mussel Pinna nobilis
in the Columbretes Islands (NW Mediterranean). Marine
Environmental Research, 130, 282-292.

Kersting, D., Benabdi, M., Cizmek, H., Grau, A., Jimenez,
C. et al., 2019. Pinna nobilis. The IUCN Red List of
Threatened Species 2019: e.T160075998A160081499.
https://dx.doi.org/10.2305/TUCN.UK.2019-3.RLTS.
T160075998 A160081499.en. (Accessed 5 October 2021).

Kersting, D., Vazquez-Luis, M., Mourre, B., Belkhamssa, F.Z.,
Alvarez, E. et al., 2020. Recruitment disruption and the role
of unaffected populations for potential recovery after the
Pinna nobilis mass mortality event. Frontiers in Marine
Science, 7, 594378.

Keskin, C., 2007. Temporal variation of fish assemblages in
different shallow-water habitats in Erdek Bay, Marmara
Sea, Turkey. Journal of the Black Sea/Mediterranean Envi-
ronment, 13, 215-234.

Kurihara, T., Nakano, S., Matsuyama, Y., Hashimoto, K., Ya-
mada, K. ef al., 2018. Survival time of juvenile pen shell
Atrina pectinata (Bivalvia: Pinnidae) in hyposaline water.
International Aquatic Research, 10, 1-11.

Kiinili, I.E., Giirkan, S.E., Aksu, A., Turgay, E., Cakir, F. et al.,
2021. Mass mortality in endangered fan mussels Pinna no-
bilis (Linnacus 1758) caused by co-infection of Haplospo-
ridium pinnae and multiple Vibrio infection in Canakkale
Strait, Turkey. Biomarkers, 26 (5), 450-461.

Maeno, Y., Yurimoto, T., Nasu, H., Ito, S., Aishima, N. et al.,
2006. Virus-like particles associated with mass mortali-
ties of the pen shell Atrina pectinata in Japan. Diseases of
Aquatic Organisms, 71 (2), 169-173.

Maeno, Y., Suzuki, K., Yurimoto, T., Kiyomoto, S., Fuseya, R.
et al.,2012. Laboratory and field studies on gill and kidney
associated virus in the pen shell Atrina lischkeana (Mollus-
ca: Bivalvia). Bulletin of the European Association of Fish
Pathologists, 32 (3), 78-86.

Marba, N., Diaz-Almela, E., Duarte, C.M., 2014. Mediterra-
nean seagrass (Posidonia oceanica) loss between 1842 and
2009. Biological Conservation, 176, 183-190.

Ondes, F., Alan, V., Ak¢al1, B., Giicliisoy, H., 2020a. Mass mor-
tality of the fan mussel, Pinna nobilis in Turkey (eastern
Mediterranean). Marine Ecology, 41 (5), €12607.

Ondes, F., Kaiser, M.J., Gii¢liisoy, H., 2020b. Human impacts
on the endangered fan mussel, Pinna nobilis. Aquatic Con-
servation: Marine and Freshwater Ecosystems, 30, 31-41.

Ozalp, H.B., Kersting, D.K., 2020. A pan-Mediterranean ex-
tinction? Pinna nobilis mass mortality has reached the
Turkish straits system. Marine Biodiversity, 50, 81.

Ozalp, H.B., 2021. First massive mucilage event observed in
deep waters of Canakkale Strait (Dardanelles), Turkey.

482

Journal of the Black Sea/Mediterranean Environment, 27
(1), 49-66.

Pergin-Pagal, F., Altinsacli, S., Arnisal, S.B., Balkis, H., 2019.
Assessment of the spatio-temporal distribution and habitat
preferences of Ostracoda (Crustacea) related to certain en-
vironmental factors in Kapidag Peninsula (The Sea of Mar-
mara, Turkey). Hacettepe Journal of Biology and Chemis-
try, 47 (4), 347-365.

Prado, P., Caiola, N., Ibanez, C., 2014. Habitat use by a large
population of Pinna nobilis in shallow waters. Scientia Ma-
rina, 78 (4), 555-565.

Rabaoui, L., Tlig-Zouari, S., Ben Hassine, O.K., 2008. Distri-
bution and habitat of the fan mussel Pinna nobilis Linnaeus,
1758 (Mollusca: Bivalvia) along the northern and eastern
Tunisian coasts. Cahiers de Biologie Marine, 49 (1), 67-78.

Rabaoui, L., Tlig-Zouari, S., Cosentino, A., Ben Hassine, O.K.,
2009. Associated fauna of the fan shell Pinna nobilis (Mol-
lusca: Bivalvia) in the northern and eastern Tunisian coasts.
Scientia Marina, 73 (1), 129-141.

Richardson, C.A., Kennedy, H., Duarte, C.M., Kennedy, D.P.,
Proud, S.V., 1999. Age and growth of the fan mussel Pin-
na nobilis from south—east Spanish Mediterranean seagrass
(Posidonia oceanica) meadows. Marine Biology, 133, 205-
212.

Riva, A., 2002. Approche méthodologique de quelques
parametres bioénergétiques chez Pinna nobilis. p. 91-102.
In: Premier séminaire international sur la grande nacre de
Meéditerranée: Pinna nobilis. Vicente, N. (Ed). Mémoires
de I’Institut Océanographique Paul Ricard, Nice.

Rouanet, E., Trigos, S., Vicente, N., 2015. From youth to death
of old age: the 50-year story of a Pinna nobilis fan mussel
population at Port-Cros Island (Port-Cros National Park,
Provence, Mediterranean Sea). Scientific Reports of the
Port-Cros National Park, 29, 209-222.

Ruitton, S., Lefebvre, C., 2021. Toward a recovery of the pen
shell Pinna nobilis in the French Mediterranean open sea?.
Scientific Reports of the Port-Cros National Park, 35, 429-
434,

Russo, P., 2012. Segnalazione di una grande colonia di Pinna
nobilis (Linnaeus, 1758) nella Laguna di Venezia. Notiz-
iario della Societa Italiana di Malacologia, 30 (1), 31-34.

Russo, P., 2017. Lagoon malacofauna: results of malacological
research in the Venice Lagoon. Bollettino Malacologico, 53
(1), 49-62.

Sari¢, T., Zupan, I., Aceto, S., Villari, G., Pali¢, D. et al., 2020.
Epidemiology of noble pen shell (Pinna nobilis L. 1758)
mass mortality events in Adriatic Sea is characterised with
rapid spreading and acute disease progression. Pathogens,
9 (10), 776.

Scarpa, F., Sanna, D., Azzena, 1., Cossu, P., Casu, M., 2021.
From dark to light and back again: is Pinna nobilis, the
largest Mediterranean shellfish, on the brink of extinction?.
Veterinaria, 70 (1), 1-14.

Sileti¢, T., Peharda, M., 2003. Population study of the fan shell
Pinna nobilis L. in Malo and Veliko Jezero of the Mljet Na-
tional Park (Adriatic Sea). Scientia Marina, 67 (1), 91-98.

Sokal, R.R., Rohlf, FJ., 1969. Introduction to biostatistics.
W.H. Freeman and Company, New York.

Theodorou, H.A., James, R., Tagalis, D., Tzovenis, 1., Hellio,
C.etal., 2017. Density and size structure of the endangered

Medit. Mar. Sci., 23/3 2022, 473-483



fan mussel Pinna nobilis (Linnaeus 1758), in the shallow
water zone of Maliakos Gulf, Greece. Acta Adriatica: Inter-
national Journal of Marine Sciences, 58 (1), 63-76.

Topeu, N.E., Oztiirk, B., 2021. The impact of the massive mu-
cilage outbreak in the Sea of Marmara on gorgonians of
Prince Islands: A qualitative assessment. Journal of the
Black Sea/Mediterranean Environment, 27 (2), 270-278.

Tsatiris, A., Papadopoulos, V., Makri, D., Topouzelis, K., Ma-
noutsoglou, E. ef al., 2018. Spatial distribution, abundance
and habitat use of the endemic Mediterranean fan mussel
Pinna nobilis in Gera Gulf, Lesvos (Greece): comparison of
design-based and model-based approaches. Mediterranean
Marine Science, 19 (3), 642-655

Vafidis, D., Antoniadou, C., Voultsiadou, E., Chintiroglou, C.,
2014. Population structure of the protected fan mussel Pin-
na nobilis in the south Aegean Sea (eastern Mediterranean).
Journal of the Marine Biological Association of the United
Kingdom, 94 (4), 787-796.

Vazquez-Luis, M., Banach-Esteve, G., Alvarez, E., Deudero,
S., 2014. Colonization on Pinna nobilis at a marine pro-
tected area: Extent of the spread of two invasive seaweeds.
Journal of the Marine Biological Association of the United
Kingdom, 94 (5), 857-864.

Vazquez-Luis, M., Borg, J.A., Morell, C., Banach-Esteve, G.,

Medit. Mar. Sci., 23/3 2022, 473-483

Deudero, S., 2015. Influence of boat anchoring on Pinna
nobilis: a field experiment using mimic units. Marine and
Freshwater Research, 66 (9), 786-794.

Vazquez-Luis, M., Alvarez, E., Barrajon, A., Garcia-March,
J.R., Grau, A. et al., 2017. S.O.S. Pinna nobilis: A mass
mortality event in western Mediterranean Sea. Frontiers in
Marine Science, 4, 220.

Vicente, N., 1990. Estudio ecoldgico y proteccion del molusco
lamelibranquio Pinna nobilis L., 1758 en la costa mediter-
ranea. Iberus, 9 (1-2), 269-279.

Vicente, N., Moreteau, J.C., 1991. Statut de Pinna nobilis L.
en Méditerranée (mollusque eulamellibranche). p. 159-
168. In: Les espéces marines a protéger en Meéditerranée.
Boudouresque, C.F., Avon, M., Gravez, V. (Eds). GIS Po-
sidonie Publications, Marseille.

Zavodnik, D., 1967. Contribution to the ecology of P. nobilis L.
(Moll., Bivalvia) in the northern Adriatic. Thalassia Jugo-
slavica, 3, 93-103.

Zavodnik, D., Hrs-Brenko, M., Legac, M., 1991. Synopsis on
the fan shell Pinna nobilis L. in the eastern Adriatic Sea.
p. 169-178. In: Les espéces marines a protéger en Medi-
terranée. Boudouresque, C.F., Avon, M., Gravez, V. (Eds).
GIS Posidonie Publications, Marseille.

483


http://www.tcpdf.org

