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Summary

The growth and survival of fan mussel (Pinna nobilis, Linnaeus) juveniles, from natural spatfall, were compared in two groups (large
and small size) in Karantina Island Izmir, Turkey, between December 2004 and April 2006. Total live weight, shell length, width and
thickness of fan mussel were measured monthly during the study period. Small (32 mm) and large (73 mm) size groups of fan mussel
individuals reached 140.25+10.46 mm and 154.36+16.12 mm in length and 64.64+17.98 g and 99.74+30.53 g in live weight, respectively.
Significant differences were found in increases of shell length and live weight. Environmental parameters such as chlorophyll-a,
seawater temperature, salinity, particulate organic matter (POM) and particulate inorganic matter (PIM) were determined during each
sampling period. Shell length increase was affected by chlorophyll-a and PIM. However, increases in shell length did not correlate with
temperature and POM. Survival rates for small and large groups were 93% and 100%, respectively.
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Pinanin (Pinna nobilis, Linnaeus 1758) Biiylikliige Bagh Olarak
izmir Korfezi Ege Denizi Tiirkiye de Aski Kiiltiir Sisteminde

ow e

Yetistiriciligi

Ozet

Izmir Karantina Adasi, Tlirkiye de dogadan toplanan pina yavrularinin (Pinna nobilis, Linnaeus), biylime ve yasamalari Aralik 2004 ve
Nisan 2006 tarihleri arasinda iki grup olusturularak (biiytk boy ve kicuk boy) karsilastirildi. Calisma boyuca, pinalarin total canh agirlik,
kabuk boyu, eni ve kalinligi aylik olarak 6l¢iildi. Pinalarin kiiglik (32 mm) ve biiylik (73 mm) boy gruplari sirasiyla 140.25+10.46 mm ve
154.36+16.12 mm boya ve 64.64+17.98 g ve 99.74+30.53 g canl agirhga sirasi ile ulasti. Gruplar arasinda kabuk boyu ve canli agirlik
artisi bakimindan farklilik géralda. Klorofil-a, deniz suyu sicakhg, tuzluluk, partikil organik (POM) ve partikiil inorganik madde (PIM)
gibi cevresel parametreler her 6rnekleme zamaninda takip edildi. Kabuk boyunun artisini klorofil-a ve PIM etkilemektedir. Bununla
birlikte, kabuk boyu artisina sicaklik ve POM etkilememektedir. Kiiglik ve blyik gruplar icin yasama orani sirasiyla %93 ve %100 olarak
belirlenmistir.

Anahtar sozciikler: Bivalvia, Pina, Pinna nobilis, Biliyiime orani, Yasama orani, Aski kilt(ir

INTRODUCTION

Fan mussel (Pen shell), Pinna nobilis, is an endemic  gravel, attached to small stones or pieces of shells by its
species of the Mediterranean, belonging to the family of  byssus which passes through the anterior ventral gape .
Pinnidae. Pinnids have a characteristically large, brown  P. nobilis lives longer than some other shellfish, for
and fan-shape shell. The fan mussel lives with its pointed  approximately 20 years, attaining a maximum size of at
end buried into bottom sediments of mud, sandy mud or  least 108 cm with a common size of 20-40 cm 2,
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The fan mussel P. nobilis is a particularly important
species in the Mediterranean Sea. The population of P. nobilis
has been significantly reduced over the last 2 to 3 decades
as a result of recreational and commercial fisheries for food,
the use of its shell for decorative purpose, and incidental
depredation by trawling and anchoring . In the north-east
Spanish Mediterranean *, in the Malo Jezero Adriatic Sea °
and in Mar Grande of Taranto (lonian Sea) ¢, the densities
of P. nobilis were recorded as < 1 ind ha”, 0.2 ind m* and
from 0.1 to 0.7 ind.ha™", respectively. It is described as a
considerable centre of species aggregation and it is known
as being a very important biological substratum for many
epibiont (sponges, molluscs, echinoderms, bryozoans,
macroalgae etc.) 7% They are affected by population
decline of this species. For these reasons, P. nobilis is listed
as endangered under the 1992 European Council Directive
on the conservation of natural habitats and wild fauna and
flora (92/43/EEC, Annex IV). It has been protected by the
Protocol for Specially Protected Areas Biological Diversity
in the Mediterranean (Barcelona Convention: UNEP) since
1996. In contrast to this endangered status, Pinnids such
as P. bicolor (Gmelin 1791), Atrina pectinata (Linnaeus 1758)
and Atrina maura (Sowerby 1835) are cultured and highly
valued as a food source in Mexico '". Therefore studies
on larvae culture """2and spat collection >'* have been
conducted for some time.

Recent studies of P. nobilis have examined population
3515, in situ growth, age, and mortality '*'* and reproductive
biology 2021,

Three species of Pinnid, P. nobilis, P. rudis (Linnaeus 1758)
and A. pectinata inhabit the coast of Turkey ?2. However,
no growth studies on P. nobilis were previously conducted
under culture conditions. The main objective of this study
was the assess growth rate of fan mussel (P. nobilis) under
hydrological conditions typical of the Aegean Sea, Turkey.

MATERIAL and METHODS

Experimental Site

This study was carried out from December 2004 to April
2006 at Karantina Island which is located in the central
section of Izmir Bay, Turkey (38°22'44" N; 26°47'12"E) (Fig.
1). Sampling could not be performed during in January
2006 due to adverse weather conditions. Fan mussel spats
were cultured on a the single long line system.

Hydrological Parameters

Environmental parameters (water temperature, salinity,
chlorophyll-a, particulate organic mater and inorganic
matter) were determined at each sampling time except
January during 2006. Water temperature and salinity were
measured using a thermometer and light refractometer,
respectively. Chlorophyll-a concentration, particulate
inorganic (PIM) and organic matter (POM) in suspension
were determined using the protocols of Strickland and
Parsons 2.

Experimental Design

All the fan mussels used in this study were collected
in the study area by pearl oyster collectors, which had
been suspended at a depth of 0.5 m depth in July, 2004.
Fan mussel spats were separated from these collectors
early in December, 2004. They were divided into two size
groups, small (32 mm) and large (73 mm) based on shell
length (between the hinge and the bill margin). Both
groups were placed in spherical PVC baskets covered with
multifilament nets (Fig. 2). Each group was composed of
30 fan mussel spats. Every month during the experimental
period, shell length, width and thickness was measured
using an electronic caliper (Mitutoyo CD-15PK). Before

TURKEY
Izmir Bay

Fig 1. Map of Karantina Island (Izmir Bay-Turkey) showing the
area where Pinna nobilis was cultured

Sekil 1. Pinna nobilis'in kiltire alindigi Karantina Adasi bolgesinin
(Izmir Korfezi-Turkiye) haritasi

038'22.00M

038zz.00M




each weighing fan mussels were cleaned of fouling
organisms with a knife. Total live weight was determined
by an electronic scale (0.01 g, Sartorious, GE 412).

The specific growth rate (SGR%) was calculated according
to the following formula #:

SGR% = [(InL,-InL,) / At]x100,

where L, and L, are the shell lengths or total weight at
specific times (At) in days (t,-t, is an average of 30 days).

The number of live fan mussels was recorded in each
basket and total survival rate (%) was calculated at each
sampling time by the following formula:

Survival rate = (N/N,)x100,

where N is the number of live fan mussels at time t and
N, the number of live fan mussel at the beginning of the
experiment.

Data Analyses

The relationship between shell length (L) and total
weight (W) was estimated by a series of allometric equations
using the formula W = aL®where a is the intercept and b is
the slope parameter. The allometry coefficient is expressed
by the exponent b of the linear regression equations, in
which when b=3, the biometric relationship describes an
isometric growth. In order to confirm whether the value
of b obtained in the linear regression was significantly
different from isometric value (b=3) in a negative (b<3) or
positive (b>3) allometric relationship, the data was fitted
to a straight line by linear regression analysis (least squares
method) and on log transformed data, the association
degree between variables calculated by the determination
coefficient (r?).

Single regression analyses and the t-test were used
to determine the relationship between shell length and
total weight. The monthly length and weight data in both
size groups were also analyzed using one-way analysis of
variance (ANOVA). The metric multidimensional scaling
technique (MDS) was used to investigate relationship
between relations among the environmental parameters,
growth rate in length and weightin small and large groups.
Multidimensional scaling is an exploratory technique
used to visualize proximities (proximity is a number that
indicates the level of similarity or differences between
different two objects or variables) in a low dimensional
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space. MDS allows researcher to uncover the hidden
structure or relationship between variables. Each object is
represented by a point a within multidimensional space.
Two similar objects are represented by two points close
to each other, while two different or dissimilar objects are
represented by two points remote from each other %,

RESULTS

Hydrological Parameters

The results of water temperature, salinity, chlorophyll-a,
particulate inorganic matter (PIM) and particulate organic
matter (POM) are shown in Fig. 3. Temperature showed a
clear seasonal pattern, with a maximal value observed in
August 2005 (24°C) and the a minimum value in December
2004, February 2005, February and March 2006 (12°C).
Salinity ranged from 36 to 37%o irrespective of potential
seasonal variability. Mean particulate inorganic matter
(PIM) and particulate organic matter (POM) were measured
as 2.4+2.0 mglL-1 and 1.49+£0.6 mg L-1, respectively.
Chlorophyll-a concentrations were observed between 0.18
Mg L-1 (December 2004) and 1.39 ug L-1 (August 2005).

Growth and Survival
Growth

At the end of the experimental period, small and large
size groups reached 140.25+10.46 and 154.36+£16.12 mm
in shell length, respectively. Total growth within the small
size group was 108.06 mm, with a monthly average value
of 7.2 mm, compared with total growth of 80.92 mm for
the large size group with a monthly average value of 5.39
mm (P<0.05) (Fig. 3). A comparison of the mean monthly
trends in width of small and large size groups indicated a
similarity in all months except May and December 2005
(Fig. 3). Mean shell thicknesses in the small size group (2.49
mm) and large size group (6.04 mm) reached 16.13 mm
and 18.13 mm, respectively at the end of the study period.
The final weights for small and large size groups were
64.64+17.98 g and 99.74+30.53 g, respectively (P<0.05).
The greatest increase in total live weight for the small size
group (with 8.41 g) was observed from June to July and from
March to April (with 13.02 g) in the large size group (Fig. 4).

Mean monthly specific growth rates for length and
weight were 9.87% and 5.2%, respectively, for the small

Y Fig 2. Spherical PVC baskets

Sekil 2. Yuvarlak sekilli PVC sepet
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group, and 35% and 21.96%, for the large size group (Fig. 5). Data Analyses

A comparison of mean monthly specific growth rate in
shell length and total weight showed that there was no
difference between the two groups (P>0.05).

In the third month of the study (March 2005), only 93%
survival rate (mortality rate 7%) was observed for the small
size group. In comparison, no mortality was observed in
the large size group, with all mussels surviving the study
period.

The MDS analysis indicates a strong relationship
between chlorophyll-a, PIM and POM values, and suggests
that these parameters affect LL (Table 1, Fig. 6). It was
determined that PIM has considerabe effect on WS,
primarily LS, in the environment (Table 2, Fig. 7).

Based on the results, it can be conclued that chlorophyl-a,
PIM and POM, that form the nutrients of pinna considerably



affect the growth performance of the individuals within
the large group, and that temperature is not significant

growth factor.

SGR (%)

SGR (%)

nobilis

Dimension 2
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The relationship between shell length and total weight
was described by the equation W=0.003L*%%" (r2 0.9625).
Mean value of b was calculated as 3.6451+0.0332. The
result revealed that there was a positive allometric growth
between shell length and total weight (P<0.05) (Fig. 8).
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DISCUSSION

The growth of bivalves depends on the quantity and
quality of food in the water column %27, surrounding water
temperature®?°, salinity, population density, age and on
size ¥, Of these parameters, food supply is considered to be
most important for bivalves since, without this, sustain-
able growth is difficult or impossible *'. Previous studies
have indicated that the growth of bivalve spat is positively
related to the concentration of chlorophyll-a in the
water 323 This study showed that the growth rate of shell
length for both size groups was related to chlorophyll-a
and PIM. Evidently, bivalve shells are mainly composed
of calcium carbonate *. Watabe et al.*® and Kuwatani *’

determined in seawater in the study area, it can be
transferred to fan mussels by ingestion of plankton for
shell growth.

Katsanevakis ' reported that temperature for the
growth and reproduction of P. nobilis was relatively
constant in Marine Lake Vouliagmeni, in Greece (annual
temperature range of 11 to 29°C at deeps < 15m). P. bicolor
was cultured at water temperatures ranging from 16.6 to
24.88°C in the northeastern part of Hong Kong 3. During
the present study temperature ranged between 12°C
(February and March) and 24°C (August). The present
results indicate that temperature was not a limiting factor
for fan mussel growth in the study area.

Bear and Sauthgate 3° stated that of P. bicolor spats
that were collected on the Orpeheaus Island of the Pioner
Gulf (North Australia) grew very rapidly and reached from
75 mm up to 150 mm within 1 year. In a study in the Mali
Ston Gulf of Croatia, whicht has an average temperature
of 16.3°C and an average salinity of 36%o, Kozul et al.*°
reported that P. nobilis grew very rapidly and reached
from 29 mm up to 157 mm within 1 year. Similar growth
performances were observed in the present study, which
showed similar in water temperature and salinity values
(Fig 3a, 3b). It can therefore be concluded that the study
area provides appropriate conditions for culturing Pinna
nobilis.

Growth rate was significantly different between
groups (P<0.05). Shell growth rate for small size (32 mm)



individuals was more rapid than large size (72 mm) within
the first year and reduced thereafter. Mason et al.*' reported
that immature oyster spat showed faster growth rate than
those with developing gonads, and provided a possible
explanation for the decrease in relative growth rates in
the larger size group. Gonad development in P. bicolor
was observed in many individuals at 8 months of age
(150 < mm hinge length) #2. At the end of this study,
juveniles were approximately 18 months old. During the
following 12 months, growth rate showed a decrease
that could be linked to the progressive investment in
reproduction and to age.

Most previous researchers reported that Pinna spp.
have relatively thin shells which may present a potential
problem for suspended culture in areas with predators
(fish, crabs and muricid gastropods) 3%, In the present
study, predators did not affect the fan mussels which were
placed in spherical PVC baskets and mortality was clearly
lower than in some other studies. Wu and Shin 3®reported
mortality of 18% for P. bicolor transplanted inside cages
and 24% among those suspended on rafts during the
initial 12-month study period. In contrast, a study of for P,
nobilis by Garcia-March et al.” reported that total annual
mortality at two depth zones of 6 m and 13 m was 44.4%
and 23.7%, respectively in natural stock in Moraira Bay
(Western Mediterranean-Spain). In a study of 160 P. nobilis
individuals on Vauliagmeni lake, Katsanevakis'® stated
that only 7 of 69 deaths between May 2005-September
2006 were due to natural causes. Since the present study
was carried out in a controlled environment, no deaths
were caused by fishing. The natural death rate of 7% in the
present study is similar to the results of Katsanevakis .

In conclusion, this study is the first report on the growth
and culture of P. nobilis in a suspended system in Turkey.
Higher growth was determined within large size group.
However, high survival rate was observed in both group
(93% and100%). This means that the environmental factors
within the study area in Izmir Bay, Aegean Sea are suitable
for mussel cultivation.

Our results will contribute to the development of more
efficient culture techniques to support populations of this
species in natural environments for this species. However,
spat settlement and reproduction of P. nobilis is not
described in the present work, which will form the subject
of a further study in Turkish water.
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