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Abstract: In this study, we aimed to examine the status and historical change of trawl fishing fleet in
the Foga in the Aegean Sea. The data of the study representing all actively working trawlers in 1998-
1999 and 2019 were collected through face-to-face interviews with trawler boat owners in Foca. The
questionnaire consisted of questions related to the characteristics of the vessels, fishing activity, socio-
demographics of fishers, running costs, annual landings of species and management issues. The study
indicated that the annual landings of the main target species significantly decreased over the last two
decades. Fishers reported the landings of some species including Dentex gibbosus, Dentex
macrophthalmus, Homarus gammarus, Mustelus mustelus, Octopus vulgaris, Parapenaus longirostris,
Scomber colias, Scorpaena porcus, Scorpaena scrofa, Spicara smaris, Trachurus spp. and Zeus faber
decreased considerably over this period. Over the same period, a decrease was found in the mean length
of Merluccius merluccius, Lophius piscatorius and Zeus faber. The vessels’ fuel tank volume and tow
duration showed significant increases from 1999 to 2019. The trawl fleet decreased by ~75% from
1999 to 2019 and 55% of the current fishers reported that they may leave the fishery sector within the
next 10 years. A change was also determined in the tradition of the sharing system, which is the number
of crews paid in shares rather than a fixed salary, significantly decreased. Moreover, the crew numbers
from vessel owners’ households significantly decreased. As a result, we discussed the changes,
problems, regulations and restrictions related to trawl fishery in Foga, which used to be the most
important trawling fishing center of the Aegean twenty years ago. We found dramatic changes in many
aspects compared to what it was two decades ago and provided suggestions regarding fisheries
management.

Foca'da (Dogu Akdeniz, Tiirkiye) Trol Balik¢ihig1 Cokiisiin Esiginde mi?

Oz: Bu calismada, Ege Denizi Foga'daki trol filosunun mevcut durumu ve tarihsel degisimi hakkinda
bilgi vermeyi amagladik. 1998-1999 ve 2019 yillarinda aktif olarak ¢alisan tiim trol teknelerini temsil
eden galismanin verileri, Foga'da bulunan trol teknesi sahipleri ile yiiz yiize goriisiilerek toplanmistir.
Anket; gemilerin ozellikleri ve balikgilik faaliyetleri, balik¢ilarin sosyo-demografik ozellikleri,
balikgilik giderleri, tiirlerin yillik karaya ¢ikis miktarlar1 ve yonetim konulari ile ilgili sorulardan
olusmaktadir. Bu ¢alisma, hedef tiirlerdeki av miktarinin son yirmi yilda dnemli 6l¢iide azaldigin
gosterdi. Balikgilar, Dentex gibbosus, Dentex macrophthalmus, Homarus gammarus, Mustelus
mustelus, Octopus vulgaris, Parapenaus longirostris, Scomber colias, Scorpaena porcus, Scorpaena
scrofa, Spicara smaris, Trachurus spp. and Zeus faber gibi bazi tiirlerin karaya ¢ikislarinin bu donemde
dikkate deger bir diisiis gosterdigini rapor etti. Ayn1 dénemde Merluccius merluccius, Lophius
piscatorius ve Zeus faber gibi baz tiirlerin ortalama boylarinda da azalma gorilmistiir. Gemilerin
akaryakit tanklarmim hacmi ve operasyon siireleri 1999'dan 2019'a 6nemli artislar gosterdi. Foga'nin
trol filosunda 1999'dan 2019'a yaklasik %75 azalma saptandi. Mevcut balik¢ilarim %55°1 niimiizdeki
10 y1l i¢inde balik¢ilik sektdriinden ayrilabileceklerini bildirdi. Bu durum trol balik¢iliginda paycilik
sistemi gelenegini de degistirmis; maas yerine pay olarak ddenen personel (miirettebat) sayist énemli
olgiide azalmistir. Ayrica, tekne sahiplerinin hane halkindan gelen miirettebat sayisi son yirmi yilda
onemli dlgiide azalmistir. Sonug olarak, yirmi yil evvel Ege’nin en 6nemli trol merkezi olan Foga’da
giiniimiizde nasil bir degisim oldugunu, sorunlari, balik¢ilik diizenlemeleri ve kisitlamalart tartistik.
Yirmi y1l dncesine kiyasla bir¢ok agidan ¢arpici degisiklikler bulduk ve balik¢ilik yonetimine iliskin
onerilerde bulunduk.

*Corresponding author: vahdetunal@gmail.com
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Introduction

For the last several decades, overfishing and
mismanagement of aquatic resources in the Mediterranean
has resulted in collapsed stocks, habitat destruction,
disturbance of ecological balance, and changes in socio-
economic characteristics of fishing fleets. Although the
ecological and biological changes in Mediterranean
ecosystem have been investigated by many researchers
(Tudela, 2004; Osio, 2012; Goffredo and Dubinsky, 2013;
Damalas et al., 2015; Tserpes et al., 2016; Colloca et al.,
2017; Mannino et al, 2017; Piroddi et al., 2017;
Dimarchopoulou et al., 2018; Demirel et al., 2020; Tsikliras
et al., 2021), changes in the fishers’ behaviours and
operational characteristics influenced by decreased stocks
have rarely been discussed (Andrews et al., 2021). In
addition, the entire fishing fleet operating in the
Mediterranean show particular characteristics, and they are
managed by different tools and regulations. Therefore,
information obtained from local sources may help to clarify
the current state of the Mediterranean fishery.

The Mediterranean Sea is not only vital for biodiversity,
but it is also important for commercial demersal and pelagic
fish resources. It hosts 76 280 fishing vessels and more than
30% of these vessels fish around the Eastern Mediterranean
(FAO, 2020). In the Mediterranean, the largest increase
(20.4%) in the catch since 2016 was demonstrated by
Tirkiye (FAO, 2020). The most caught demersal fish
species in Tiirkiye were whiting (8.941t), striped red mullet
(2.342t), red mullet (1.761t), European hake (1.270t) and
invertebrates including mussel species (36.627t), whelk
(11.646t) and shrimp species (5.137t) in 2019 (TUIK,
2020). The licenced trawl vessel number was 790 in 2019
in Tirkiye and among them 63 vessels were registered to
Aegean ports (TUIK, 2020).

It is well known that the trawl net is not selective enough
and has a more devastating effect on habitats compared with
many other fishing gears (Jenning and Kaiser, 1998; Collie
et al., 2000; Lucchetti et al., 2021). To minimise the
destructive impacts of trawl fishery, some management
tools (e.g., spatial and seasonal closures, quotas, minimum
and maximum landing sizes, restrictions in nets and fishing
gear) are wused by fishery managers and these
aforementioned tools show variations depending on the
countries or union’s regulations (Anon., 2020; EU, 2006).
For instance, fishing with trawl nets above the seagrass beds
of, in particular, Posidonia oceanica or other marine
phanerogams is prohibited in the EU waters of the
Mediterranean (EU, 2006). There is no doubt that each
datum related to the biological, ecological, and socio-
economic indicators provided by scientific studies are
imperative to develop the current fishery management
measures and regulations. Another essential issue is
auditing and monitoring the fleets using some tools (e.g.,
electronic logbooks, vessel monitoring system) and all these
characteristics also show regional variations (Anon., 2020).

Previous studies related to trawl fishery in Tiirkiye
mainly focussed on the selectivity of the trawl nets, by-catch
issues, and marine debris (Lok et al., 1997; Tokag et al.,
2004; Ozbilgin et al., 2007; Tosunoglu et al., 2008; Zengin
& Akyol, 2009; Eryasar et al., 2014) and discard and catch
composition (Giicii, 2012; Gurbet et al., 2013; Cetin et al.,
2014; Gokee et al., 2016; Y1ldiz & Karakulak, 2017). Ilkyaz
et al. (2018) discussed on the spawning season and length
and ages at first maturity of demersal fish species in the
central Aegean Sea and recommended changing of the
closed season for the bottom trawls. The socio-economic
characteristics have rarely been documented to date (Unal
and Hossucu, 1996; Unal, 2002; Unal, 2004). Recently,
Dereli et al. (2022) provided the technical measures for
single boat bottom otter trawls used in Tiirkiye and Greece
in the Aegean Sea. The authors also review the differences
and similarities related to trawl fishing and all other fishing
gears and emphasized the importance of harmonization of
technical measures and management approaches for the
sustainable management of shared stocks. However,
trawling, which is a non-substitute fishing segment
targeting important commercial fish species, is a type
fishery that deserves to be examined in many respects and
needs be performed on a sustainable basis. In this context,
in the present study, we reviewed a comparison of trawl
fishing in Foga, center of trawlers along the Aegean coast,
with its state twenty years ago.

Foga is one of the main regions where trawling is
performed in Turkish waters. Trawl fishing began to appear
in Foga in the 1940s. By the end of the 1940s, there were
five trawlers, the longest of which was 18 meters and the
most powerful engine seen was 90 HP, registered to the port
of Foga. Although these vessels were far from today's
technologies and were working in limited fishing areas, they
were catching more fish and earning more than today. With
the effect of factors such as the demand for fish, the
increasing human population, and the limited employment
opportunities especially for those living in the villages and
towns of the coastal region, the number of trawlers, which
was only five in the past, has increased year by year. As of
the 1999-2000 fishing season there were forty licensed
vessels, twenty of which were actively working (Unal,
2002). In 2019, a total of 11 vessels actively fished around
Foca (Pers. Comm.; C. Cetin, Head of Foca Fishery
Cooperative, 2020). However, in 2021 the Foca trawl fleet
showed a decrease, and the actual vessel number was only
5 (Pers. Comm.; N. Turguttekin, former local trawl fisher,
2021).

The main aim of the present study is to compare and
highlight the Foca trawl fleets’ current characteristics and
end of the 1990°s characteristics by examining aspects of
the vessel, fishing operation, fishing expenditures, fishers’
demography, main problems and catch. The findings can
support the development of policies, regulations, and
restrictions on the management of trawl fishery both in Foga
and in other parts of the Aegean Sea.
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Material and Methods
Study area

Foga is a fishing and tourism town, with a population of
33 131 inhabitants, located on the coast of Central Turkish
Aegean Sea, Eastern Mediterranean (Figure 1). The fishery
in Focga is characterised as multi-species and multi-gear
fishing area including fishing methods such as trawling,
gillnetting, longlining, and trolling. There is a fishery
cooperative mainly consisting of small-scale fishers. The
total number of shareholders (members) in this cooperative
is 138. However, recently, the number of active fishers has
decreased to 50 (Pers. Comm.; Ceyhan Cetin, Head of Foga
Fishery Cooperative, 2020). The main target species of the
small-scale fisheries are Mullus barbatus, Mullus
surmuletus, Sparus aurata, Diplodus sargus, Diplodus

vulgaris, Boops boops, Oblada melanura, Dicentrarchus
labrax, Pomatomus saltatrix, and Lithognathus mormyrus
(Tokag et al., 2010). Foga is one of the most important areas
for recreational and charter fisheries and the
aforementioned species are targeted by recreational fishers
as well (Ondes et al., 2020a). Due to the presence of the
Mediterranean monk seal (Monachus monachus) and
sensitive habitats (e.g., Posidonia beds), biodiversity,
unique archaeological assets and cultural heritage, a
specially protected area (SEPA) was established in 1990 in
Foca (Gtigliisoy et al., 2020). However, besides all these
characteristics of Foga, the area was also known as the most
important trawl fishing location in the Turkish side of the
Aegean Sea until today.

BLACK SEA

N26°30' N26°42'
1 1

N 26°54' N27°06'

N38°54'

N38°42' -

N38°30'

.

-
Guenteﬂny‘.
R J

N38°18' ~

N38°06' -

Figure 1. Location of Foga

Data collection

The data of the study representing all actively working
trawlers in 1998-1999 and 2019 were collected through
face-to-face interviews with trawler boat owners with a time
difference of twenty years. Some historical data (e.g. socio-
demographic data) are from 1999, while some other data
(e.g. catch amount, running costs) are from 1998.

Regarding the data collection, approval was granted by
the Ethics Committee of izmir Katip Celebi University.
Some parts of the data collected in 2000 were published by
the first author (Unal, 2001; 2002; 2004), therefore the
given data were used as secondary data in this study to
understand historical changes. Both questionnaires
conducted in different years gathered 4 types of
information: (1) vessel characteristics (e.g. material, vessel
type, vessel age, length, engine age, HP, volume of fuel tank
and warehouse capacity), (2) socio-demographic features
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(e.g. age, gender, education level, marital status, family
member number), (3) running costs (4) magnitude and
characteristics of fishing activity (annual days at sea, fishing
effort, fishing times, maximum fishing hours per trip, vessel
owner number, total crew number, crew number from the
vessel owners’ family and annual catch amounts of species
(kg)). In addition to the questtionnaire applied in 2019,
another questionnaire was performed to fishers who have a
minimum of 20 years fisheries experience in order to assess
historical changes related to the fishing activity (e.g., tow
duration, fishing site, and fishers’ behaviours) and current
problems. A Likert scale was utilised to evaluate the current
problems. The scale consists of 5 categories including 1-
strongly disagree, 2- disagree, 3- neither nor, 4- agree, 5-
strongly agree.

Data analysis

To test all data for normality and homogeneity of
variance, a Kolmogorov-Smirnov K-S test and Levene’s
tests were used, respectively. In order to compare vessel
characteristics, fishers” demographics and fishing activity in
1999 and 2019 a Mann-Whitney U test was used. Similarly,
the mean tow duration in different sampling times (1999 and
2019) was tested using the Mann-Whitney U test. The same
test was also used to compare the mean annual production
of fish and shellfish species by fishing fleets in 1998 and
2018. All analyses were undertaken using the statistical
programme SPSS.

Results and Discussion

Comparison of the vessel characteristics, socio-
demographics of fishers and fishing activity in 1999 and
2019

Many fishing vessels were wooden in 1999, whilst 54%
of vessels were built with iron in 2019 (Figure 2). Regarding
the vessel type, 45%, 40% and 15% of the fleet consisted of
mirror stern, gullet and liberty, respectively in 1999. There
was no liberty vessel in 2019 and 81% of vessels were
mirror stern, whilst 19% of vessels were gullet. There was
no significant difference in vessel age, vessel size and
engine age for the years 1999 and 2019 (Table 1). However,
some vessel characteristics including engine power, volume
of fuel tank and warehouse capacity showed a significant
increase from 1999 to 2019 (Table 1).

It was determined that 85% and 82% of fishers were
married in 1999 and 2019, respectively (Figure 2). Fishers
who had completed primary school were common in 1999,
whereas many fishers (55%) reported that they had at least
high school diploma in 2019. While 40% of fishers had no
social security in 1999, all fishers had official social security
in 2019 (Figure 2). There was no significant difference in
some fishers’ demographics including age, number of
household member and fisheries experience for the fleets in
1999 and 2019 (Table 1). However, it has been observed
that a family that has been fishing trawlers in Foga since the
1970s with four different trawlers sold all their trawl vessels
and there was not a single fisher from the family left.

The total number of annual fishing days reduced over
the last two decades in Foga trawl fishery (Table 1). There
was no significant difference in the maximum fishing hours
per trip, vessel owner number and total crew number for the
years 1999 and 2019 (Table 1). In 1999, 55% of vessel
owners declared that they preferred to salary crew members,
whereas in 2019 91% of vessels owners paid their crew
members a regular salary (Figure 2). Moreover, the crew
number from the vessel owners’ family showed a significant
difference between 1999 and 2019 (Table 1).

Since the 1940's when trawling fishery emerged in Foga,
the decrease in CPUE and increased fishing costs, in
addition to affecting the fishing income, also caused a
change in the income sharing system in trawl fishery. Unal
and Hossucu (1996) stated that the sharing system is
essential in the distribution of income in Foga trawlers, but
a few years later, Unal (2002) drew attention to the tendency
of the crew to switch to fixed but guaranteed salary
payments instead of working with the sharing system. In the
1990s, trawlers used to prefer the sharing system in the
distribution of fishing income, while in the early 2000s, the
proportion of trawlers that distribute income on a share basis
decreased to 33% (Unal, 2002). In addition, only 55% of the
interviewed trawlers in Foca could generate a net profit, the
remaining vessels created negative economic performance
and the Foga trawl fishery was far from viability. Likewise,
the fact that the crews were not satisfied with their share and
prefer to receive a fixed salary instead of this system,
provides information on the economic sustainability of
trawl fishery in Foga (Unal, 2002).

Knowledge of fishers having more than 20 years of
experiences

Experienced fishers, who have been fishing for at least
20 years, declared that their mean tow duration was 2.4 +
0.5 hrs twenty years ago and the mean tow duration was
estimated as 3.4 £ 0.5 hrs in 2019. There was a statistically
significant difference in tow duration for the compared
years (P=0.01, U=15). This situation depends on the catch
composition and spatial differences of fishing grounds. For
example, Can and Demirci (2004) noted that CPUE did not
significantly change with tow duration for some species
such as Saurida undosquamis in bottom trawl fishery in
Tiirkiye. The present study showed that tow duration of
trawls increased significantly over the last two decades and
this may be related to the decreased CPUE of the target
species. Furthermore, Table 2 summarises the temporal
changes related to the fishing site, fleet size, overfishing and
illegal fishing issues. Although fathers or grandfathers of
vessel owners mainly worked directly in fishing, only 18%
of vessel owners’ children worked in fisheries. Results
demonstrated that 55% of fishers considered that they will
leave trawl fishery due to reduced income, increased fuel
prices and some health problems (Table 2).



Unal and Ondes, COMU J Mar Sci Fish, 6(1): 1-14 (2023)

Have not
(40%)

2019 1999 2019

Wooden

Wooden
(60%)

(46%)

Married (85%) Married (82%)

Marital Status

70 7 65

55

& 50 4
Q
En N 27
g%
@ 20 4 18 15
= 10 10

10 - .

0 . . : )

S

Primary school Secondary School  High School University
Education Level
Oy1999 Oy2019
1999 2019 1999 2019 Share

Salary Share

Salary
(55%) payment (91%)

Have (100%) (45%)

Social Security Payment Type

payment
(9%)
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of Foga trawl fleet in 1999 (N = 20) (Unal 2001, 2002, 2004) and 2019 (N= 11) (this study)

Table 1. Comparative information on vessel, fisher and fishing activity characteristics of Foca trawl fishery based on Unal
(2001, 2004) and this study

Criteria

Unal (2001, 2004) This Study

Vessel characteristics Mean Value (= SD) P U-value
Vessel age (year) 17£16 15+8 0.74 102
Length (m) 2143 21+5 0.96 89
Engine age (year) 11£10 9+7 0.91 102
Engine power (HP) 324+126 463197 <0.01* 41
Volume of fuel tank (ton) 7+6 12+8 0.03* 59
Warehouse capacity (c. of safe) 192+126 3394212 0.05* 64
Fisher characteristics

Age (year) 39+11 42+10 0.41 90
Family member number 3+1.4 4+0.8 0.46 93
Fishing experience (year) 20+£10 23+10 0.42 91
Fishing activity characteristics

Days at sea 182455 159+26 0.32 86
Max. fishing hours per trip 51423 55+21 0.56 97
Number of vessels owned 1.3+0.6 1.3+0.5 0.71 104
Total crew number 2.6+0.8 2.9+0.8 0.26 85
Number of crew members from 18411 0.740.9 0.01* 50

fisher's household
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Table 2. Percentages related to the responses of trawlers on historical changes and social issues

Question Yes (%) No (%)
Have fishing sites been changed for the last two decades? 46 54
Have the trawl vessel number decreased for the last two decades? 91 9
Has overfishing increased for the last two decades? 100 0
Has illegal fishing increased for the last two decades? 100 0
Do you think fisheries have been managed better compared to the last two 6 54
decades?

Were your father or grandfather fishermen? 91 9
Do you have a son or daughter who is fisher? 18 82
Do you want to leave trawl fishing within the next 10 years? 55 45

Table 3. Percentage of running costs in 1998 (Unal, 2002)
and 2018 (this study)

Running Costs (%)

Year Fuel Food Ice  Transportation
1998 84.1 4.6 4.9 6.4
2018 86.4 31 2.8 7.7

Historical changes of running costs

Regarding the ratios of operational costs including fuel,
ice, food and transportation, there was no significant
difference between the sampling years (Table 3).

The fuel expenses in both 1998 and 2018 accounted for
almost the same but the highest fishing expenditures (84.1%
and 86.2%) in running costs. However, rates of fuel
expenses in total expenditures were 53% and 62%, in 1998
and 2018, respectively. With these rates, fuel costs
continued to form the highest cost unit among total
expenses. It was observed that the fuel expenses of trawlers
declared by fishers after twenty years were again the biggest
problem of Foca trawl fishery. This is approximately four-
fold more compared to EU countries’ trawl fishery
operating costs (STECF, 2019). Similarly, Guillen and
Maynou (2016) analysed the Spanish trawl fleet for the
period between 2000 and 2013 and noticed that not only
increased fuel prices but also decreased fish prices together
explained the low economic performance of the fleet.
Moreover, Samy-Kamal and Sanchez-Lizaso (2014)
reported that these two important factors (market prices and
fuel prices) mainly influence the fishers’ critical decisions
in the Mediterranean trawl fishery.

Historical changes in the catch characteristics

The mean annual seafood production of main target
species (listed in Table 4) was 29 989 + 22 150 kg/vessel in
1998, whilst the mean annual seafood production was 14

099 + 3 878 kg/vessel in 2018. There was a statistically
significant difference in annual seafood production of the
fleet in the two fishing seasons (P = 0.005, U = 36,000). For
many targeted fish and shellfish species the mean annual
production (kg/vessel/year) showed significant differences
between 1998 and 2018 (Table 4). In particular, some
species showed a dramatic decrease in the total production
from 1998 to 2018 (Figure 3).

Numerous studies reported that the stocks of some target
species in the Mediterranean Sea showed a marked decrease
over the last several decades (Osio, 2012; Damalas et al.,
2015; Tserpes et al., 2016; Colloca et al., 2017; Piroddi et
al., 2017; Dimarchopoulou et al., 2018). Although our
results did not directly relate to the abundance or CPUE of
species, they showed that the total production of some target
species, including deep-water rose shrimp, mackerel
species, pickerel, common octopus, John Dory, Large-eyed
dentex, pink dentex, Largescaled scorpionfish, common
smoothhound and European lobster, decreased significantly
from 1998 to 2018. On the other hand, landings of some
species including bogue, common cuttlefish and striped
prawn showed an increase for the compared years.
Similarly, based on fishers’ traditional knowledge in the
Mediterranean, it was noticed that Atlantic mackerel, poor
cod, scorpionfishes, striped seabream, and John Dory
showed decreasing trends, whilst the trends of
Mediterranean parrotfish, common pandora, cuttlefish, blue
and red shrimp, and mullets increased (Damalas et al.,
2015). Another study by Ceriola et al. (2008) from the
Central Mediterranean reported decreasing trends in the
abundance of red mullet, European hake, John Dory, and
Norway lobster. On the other hand, not only trawl impact
but also increased abundances of alien species have
pressured on native demersal species for the last several
decades in the Mediterranean. Thus, it was suggested that
decision-makers should also focus on these interactions in
trawl fishery (Saygu et al., 2020).
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Table 4. Mean catch amount of main fish and shellfish species in Foga trawl fishery in 1998 and 2018

Mean Production

Species Latin Name (kg/vessel/year) P U-Value
1998 2018
Red mullet Mullus barbatus 67306 117 33411835  0.134 66,000
Deep-water rose shrimp Parapenaus longirostris 5695+5 991 515+626 0.005 36,000
European hake Merluccius merluccius 433744 100 42334916 0.159 68,000
Trachurus trachurus
Mackerel Trachurus mediterraneus 351544 476 2814289 <0.001 19,000
Trachurus picturatus
Bogue Boops boops 2035+2510 216741155  0.158 68,000
Pickerel Spicara smaris 20163 321 370+196 0.032 39,500
Angler fish tzgmzz ELS;:;Z:: 140541917 4654307 0582 87,500
Musky octopus Eledone moschata 778+560 6934217 0.842 95,500
Common octopus Octopus vulgaris 775+1 178 181+135 0.002 30,500
Striped Red Mullet Mullus surmelatus 785+719 3314146 0.185 70,000
Common squid Loligo vulgaris 600+744 323+128 0.658 90,000
Solea solea
Flat fish Citharus linguatula 213+308 213+149 0.288 76,000
Lepidorhombus spp.
John Dory Zeus faber 180+234 48+60 0.030 51,000
Common Smoothhound Mustelus mustelus 1954235 4+3 <0.001 0,000
Chub mackerel Scomber colias 270+158 8+7 <0.001 0,000
Large-eyed Dentex Dentex macrophthalmus 192+198 4+3 <0.001 0,000
Black scorpionfish Scorpaena porcus 151+167 3+2 <0.001 0,000
Common cuttlefish Sepia officinalis 1514233 3294343 0.070 59,000
Norway lobster Nephrops norvegicus 1454206 244 0.240 75,000
Largescaled scorpionfish Scorpaena scrofa 92+159 16+21 0.001 28,000
Striped prawn Penaeus kerathurus 85+195 556+370 <0.001 19,000
Pink dentex Dentex gibbosus 32+19 1+1 <0.001 0,000
European Lobster Homarus gammarus 19411 1+1 <0.001 0,000

*Some fish and shellfish species were recorded as others by fishers; thus the aforementioned species’ catch amounts were not
presented in table.



Is Trawl Fishery on the Verge of Collapse in Foga, Tiirkiye, Eastern Mediterranean?

110000 A -
Main target species Mustelus mustelus
100000 < 500 *
=
o
g 90000 2 7001
—3 o
@ 500007 £
] 3 6007
a 700007 ° 2
c ]
T 600001 g 5007 °
E £
2 500001 E 00
: :
H 40000 e 300
F 30000 §
e o 5 2007
200001 3
(-]
10000 E = 1007
0 T T ) T ¥
1998 2018 1998 2018
Homarus gammarus Nephrops norvegicus
501 ° 800 °
El -
= £ 7007
@« [
B A0 2
g E 6001
2 °
§ 3
8 2] g 5001
@ 2
E E 400
o [
§ 201 T 3007
& s
3 £ 2007
2 10 =
100
0 ; m 0 —
1998 2018 1998 2018
Dentex gibbosus Zeus faber
70 1000 *
B fH =
* = 800
2 g
n% 504 o
% £
< S 5007
% Elig 5
. S ¢
£ 307 -
g § 4007
3 ]
E 207 'g
200 *
10
o ' == 0 — —__—
1998 2018 1998 2018

Figure 3. The total annual production values of fishing vessels for main targeted species and some selected species that

showed marked decreased catch

Past and present problems in the management of
trawl fishery

Regarding the previous problems in 1999, all fishers
declared that they had problems with high fuel expenses,
low prices of fish and the fish market. Moreover, 95% of
fishers stated that they faced difficulty acquiring credit,
65%, 60%, 40% and 25% fishers had difficulties with

finding crew, other fishers, coast guard and insufficient port
berth, respectively. Only 10% of fishers had problem with
the limited fishing sites in 1999.

While in 2019, the biggest problem of Foga trawl fishery
was declared as the increased fishing expenditures, in
particular fuel expenses. The second biggest problem
was illegal trawl fishing with small boats (usually
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smaller than 12 meters) in closed areas and even
closed seasons which is called ‘‘sebeke’’. The Likert
scale below provides comprehensive information related to
the current problems of fishers; in addition to high fuel
prices and illegal fishing, fishers specified that difficulties
to employ crew, fishing site and port, low prices of fish
species, difficulty to obtain credit were other important
problems (Figure 4). Another important problem of trawl
vessels with a valid work permit that they continue fishing

beyond 6 miles and have a shorter closed season.
Furthermore, working permission for 300 days per year
seems insufficient by some trawlers and they attempt to
violate this regulation in various ways. Those who do not
operate the vessel monitoring system, those who start
working a few days before the start of the fishing season
(they bring the fish to land within the legal time but fish in
the closed season), those who fish inside instead of outside
6 miles, have been the subject of complaints by honest
fishers for years (Pers. Comm.; N. Turguttekin).

High fuel prices

Illegal fisheries

Insufficient crew

Insufficient fishing sites

Low prices of fish

Difficulty related to the credits
Insufficient port

Problems related to cooperative
Problems with coast guard
Problems with purse seiners
Problems with government officers
Problems related to buyback
Problems related to fish market
Problems with other trawlers
Problems with smale scale fishers

Problems with recreational fishers

0 1

2 3 4 5

Likert Scale (1-Strongly disagree, 2- Disagree, 3- Neither disagree nor agree, 4- Agree, 5- Strongly agree)

Figure 4. Likert scale on the problems of Foga trawl fleet in 2019

Recommendations on Fisheries Management

In this section, we discussed some recommendations for
improvement of the current fisheries communique.

Depth closure

In the Mediterranean, littoral zone (up to nearly 50 m)
includes vulnerable and sensitive habitats (e.g., Posidonia
beds, algae facieses) and species as well high ratio of
producer species and therefore, this zone is a critical area
for ecosystem completeness. This productive zone is the
main fishing ground of small-scale fishers, recreational
fishers, and large-scale fishers (e.g., trawlers and purse-
seiners) and therefore conflicts among inshore fishers,
recreational fishers, and large-scale fishers are not
uncommon (Birkan & Ondes, 2020; Ondes et al., 2020a).
For example, the results of the present study showed that
trawlers who fish in Foga had problems with other trawlers,
purse-seiners, small-scale fishers, and recreational fishers.
Furthermore, bottom towed gears (e.g., trawls and dredges)
damages the fragile species (e.g., critically endangered fan
mussel Pinna nobilis, some coral and sponge species) and

cause catastrophic impacts on their habitats (Ondes et al.,
2020b; Otero et al., 2017). Furthermore, little is known
about the survival rates and direct damage rates of by-catch
species in trawl fishery in Tirkiye (Metin et al., 2004;
Diizbastilar et al., 2010), though these issues have been
comprehensively evaluated in the Irish Sea, the North Sea
and Western Mediterranean (Van Beek et al., 1990; Kaiser
& Spencer, 1993, 1995; Depestele et al., 2014; Garcia-De-
Vinuesa et al., 2020). To allow the sustainable use of this
productive and sensitive zone, we suggest that the ‘depth
closure’ should be reconsidered for large-scale fisheries
including trawl fishery. Additionally, any kind of large-
scale fishing gear including both trawls and purse seines
should be prohibited within the Special Environmental
Protection Areas (SEPAs) and Marine Protected Areas
(MPAs) in Turkish waters. This suggested ban can both
minimize the conflicts among fishers and conserve the
aforementioned habitats and species (Wang et al., 2021).
With this suggested ban, the controlling of illegal fishing
activities of fishing fleets (especially ‘sebeke fishing”) can
get easier. Subsequently, this suggested restriction can
provide a contribution to Tiirkiye for the harmonization
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with the Council Regulation (EC) No 1967/2006
concerning management measures for the sustainable
exploitation of fishery resources in the Mediterranean Sea
(EU, 2006).

Quotas to prevent overfishing

In the present study, all fishers declared that overfishing
significantly increased over the last two decades and
previous studies related to SSF and recreational fisheries
supported this statement (Birkan & Ondes, 2020; Ondes et
al., 2020a). Although the overfishing problem is well
identified in the literature, few studies have focused on the
solutions. One of the most effective management strategy
the quota application has never been practiced in the trawl
fishery in Tiirkiye (Anon., 2020). Owing to the nature of the
trawl net (its unselective gear characteristic), the quota
application includes some challenges. However, instead of
applying a species-specific quota, a quota for the total
annual catch can be considered. The annual catch quota can
be identified by the government. This can contribute to the
control of fishing activities, reduce overfishing. In this
context, we recommend fisheries managers that stock
assessment studies for demersal stocks should be started and
carried out regularly at certain time periods. In the
meantime, necessary studies should be completed to
determine, allocate, control inspection system at sea,
landing declaration, bycatch, landing port offices, logbooks
and their validations, and monitor quotas very well to
establish a system that will work successfully in practice.
Solving these issues are the basic conditions for the
transition to the quota system. However, one of the
challenges is that the application of an output-based
fisheries management system is not as easy as it is
mentioned in theory. According to the FAO (1985), quotas
generally lead to extremely complex procedures which are
difficult and costly to implement. The state must
systematically monitor its vessels' subject to quota and
ensure that directed fishing is stopped as soon as any quota
has been reached. FAO (1985) stated the problems of quota
management in fisheries:

"In essence, quota management is an exercise in data
acquisition. It depends on reliable information about what
quantities of quota fish are caught where. Considerable
problems are inherent in this requirement, and these lend
force to arguments that quotas are in fact unenforceable.
Certainly, they are extremely costly in manpower and
resource but, requirements in the event can be enforced to
some degree, dependent upon circumstances."

Regional fisheries management

One of the most discussed issues by the stakeholders
related to fisheries management in recent years is the
transition to regional fisheries management. Based on the
findings of this study, traditional knowledge of fishers, and
two decades of observation, we propose that the regional
fisheries management considers an Ecosystem Approach to
Fisheries (EAF) in large-scale fisheries including trawl
fishery, in not only Foga but also in other regions and
fisheries of Tiirkiye. This means that the same vessels
should not fish in the Black Sea, the Sea of Marmara, the

Aegean Sea, and the Mediterranean Sea (Levantine coasts).
The fishing borders of each vessel should be identified.
With this potential arrangement, high fishing pressure on
some areas and species can be prevented. In particular, the
stocks of some species which exhibit seasonal migration
will be positively influenced thanks to this closure.
Moreover, scientific studies on habitat mapping should be
urgently applied to understand whether there are additional
necessary closed areas or not. EAF should be taken into
account for the implementation of these aforementioned
recommendations, and fisheries management plans based
on EAF should be prepared for each fishery when
transitioning to regional fisheries.

Rethinking the fishing season and minimum landing
sizes (MLYS)

The current bottom trawl fishery season in Tirkiye is
between the 1°t of September and 15™ April except for the
Levantine coasts (15" Sep-15™ Apr). Ilkyaz et al. (2018)
evaluated the spawning seasons of 21 fish species in the
central Aegean Sea, Tiirkiye and reported that the current
closed season protects only 47.1% of species throughout
their spawning peak periods. The authors suggested the new
closed season which is between March 1% to July 15" and
with this potential regulation more species will be protected
during their peak spawning seasons. In particular, peak
spawning seasons of B. luteum, D. annularis, G. niger, M.
merluccius, M. barbatus barbatus, P. erythrinus, S. cabrilla
and S. maena were estimated to be in this period (ilkyaz et
al., 2018). In addition, not only spawning periods but also
recruitment periods of species should be considered as it
also plays an important role in conserving community
structure and composition (Demestre et al., 2008). It was
also reported that increasing sea temperatures may have a
positive or negative effects on crustacean’s recruitment
periods (Ceriola et al., 2008). However, these management
recommendations based on scientific studies have not been
considered until now.

The dramatic decrease in the mean size of some target
species, such as M. merluccius, L. piscatorius and Z. faber
was another remarkable finding of the present study.
Similarly, Ceriola et al. (2008) noted great reductions in the
size of M. merluccius and Z. faber in GSA 18. This may be
related not only to overfishing of the related species but also
to the discovery of new fishing grounds which were full of
adult individuals of these species with high spawning
capacity and no presence of destructive fishing in these
areas (pers. comm.; N.Turguttekin). According to the
current communique on commercial fisheries, a total of 50
species (fish and invertebrates) has the minimum landing
size and one species (common octopus) has the minimum
landing weight in Tiirkiye (Anon., 2020). However, there is
no minimum landing size for some species captured by
trawls such as Dentex macrophthalmus, Dentex gibbosus,
Boops boops, Pagellus bogaraveo, Scorpaena porcus, and
Spicara smaris. Similarly, Yildiz & Ulman (2020) noted
that 16 taxa still need national studies to determine their
maturity sizes and 11 taxa listed in the current notification
should have increased MLS values. Furthermore, due to the
changes in the climatic factors, the maturity status and
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spawning seasons of species may be affected, and we
strongly suggest that the current studies should be supported
by funds about the size at onset of sexual maturity (SOM)
and reproductive ecology of demersal resources should be
periodically monitored. The key point is that these future
studies should cover large geographical areas; the spatial
factors may influence the SOM of species. Therefore, the
revisions in MLS of species may be necessary. In addition
to all the above-mentioned recommendations, the principles
of managing shared stocks should be followed in the
Aegean Sea.

Improving the audit fishing activities and monitoring
issues

The role of AIS and VMS data in having information on
fleet dynamics and developing management measures are
well explained (Lambert et al., 2012; Martin et al., 2014;
Shepperson et al., 2018). Vessels larger than 15 m in total
length have been compulsorily monitored by VMS since
2005 in Europe (Martin et al., 2014). However, the vessels
larger than 12 m shall finalize the necessary procedures to
be monitored by VMS in Tiirkiye as of the year 2016
(Official Gazette, 2016).

Although there are published articles on VMS records in
European waters (Witt and Godley, 2007; Gerritsen and
Lordan, 2011; Martin et al., 2014; Russo et al., 2018), there
are no studies on the Turkish fleet. Thus, to understand fleet
dynamics and pressures on different fishing grounds, the
VMS data and electronic logbook data of the Turkish fleet
should be evaluated. Then, according to the results
additional closures (e.g., spatial) may be considered.

Conclusion

In conclusion, Foga trawl fishery shows a dramatic
change in many aspects compared to what it was two-
decades ago. The problem of illegal fishing, which could
not be solved for years and is even increasing day by day,
increasing fishing costs and low catch amounts seem to be
bringing Foga trawler fishing to an end. The total landings
of many targeted species and the mean size of some of these
species dramatically decreased from 1999 to 2019 in Foga
trawl fishery. In two decades, a dramatic decrease has
occurred in the trawl fleet.

Today, only 10% of the fishers interviewed twenty years
ago continue trawling thanks to their children. A family of
trawl fishers came to the region from Bodrum in the 1970s
due to the rich fishing grounds, had 5 trawlers over time,
and in 2021 they sold their last vessel and left the fishing
industry completely (Pers. comm., N. Turguttekin). We
hope that the findings which reveal this dramatic change are
important for fisheries management and will mobilize any
policy-makers left who care about sustainable fisheries in
Tiirkiye.
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Abstract: In recent years, the fisheries sector, which has developed rapidly in Turkey as well as all
over the world, has become an important sector in the province of Van. In this study, the share and
importance of fisheries with respect to capture fisheries and aquaculture in the province of Van has
been investigated. Data indicated that during the period 2013-2021, the province of Van had the
following share with respect to inland fisheries production: 2.23% of trout farms, 3.00% of inland
fishing vessels, 1.67% of inland water resources where restocking programs have been undertaken,
28.43% of inland fisheries, 2.14% of trout culture, 2.44% of restocked fish and 7.65% of total inland
fisheries production. The province of Van ranks 1st in terms of inland capture fisheries. With better
management practices, both inland capture fisheries and aquaculture production may be increased.

Van ilinde Su Uriinleri Uretiminin Meveut Durumu

Oz: Son yillarda tiim diinyada oldugu gibi Tiirkiye’de de hizla gelisen su iiriinleri sektorii Van ili
iginde dnemli bir sektor haline gelmistir. Bu galismada, Van flinde aveilik ve yetistiricilik yoluyla
elde edilen su iirlinleri {iretim miktari ve su kaynaklarina aktarilan balik miktarlar1 ele alinarak
Tiirkiye’deki paymnin belirlenmesi amaglanmistir. Calisma sonucunda elde edilen verilere gore,
2013-2021 yillart arasinda Van ilinin Tiirkiye i¢ sularindaki pay: asagidaki gibidir: Alabalik isletme
say1st % 2.23, balik¢1 tekne sayist % 3.00, baliklandirma yapilan su kaynaklari sayist % 1.67, aveilik
miktar1 % 28.43 alabalik yetistiricilik miktar1 % 2.14, su kaynaklarina aktarilan balik miktar1 % 2.44
ve toplam su driinleri tiretim miktar1 % 7.65 olarak tespit edilmistir. Bu verilere gore, Van ili igsu
avciliginda Tirkiye’de birinci sirada yer almaktadir. Van ilinde bulunan su kaynaklari giizel bir
sekilde degerlendirilmesi durumunda, yetistiricilik ve avcilik yoluyla elde edilen balik iiretim
miktar1 hedeflerin iizerine gikabilecegi tahmin edilmektedir.

Giris

Insanlarin  yasamimm siirdiirebilmesi icin beslenme iriinleri  yetistiriciligi son yillarda hizlica artig

gerekli bir ihtiyactir. Diinyada ve iilkemizde artan niifusla
birlikte insanlarin gida ihtiyaclar1 da artarak bir sorun
haline gelmistir. Hayvansal ve bitkisel gida kaynaklarinin
iretim ve tliketiminin {ist seviyeye yaklastigi gliniimiizde,
gida ihtiyaglarini karsilamak i¢in insanlar su kaynaklarina
yonelmistir. Su kaynaklar1 hayvansal protein eksikliginin
kapatilmas: agisindan biiyiik bir onem arz etmektedir
(Sahin, 2011). Kaliteli bir balikta bulunan proteinin
insanlarin protein ihtiyacini karsilamasinda biiyiik bir roli
vardir. Artan diinya niifusuna karsilik, protein agigi her
gegen gin  biiyiimekte ve karsilanamamaktadir. Bu
nedenden Otiirli balik¢ilik ve su tirtinlerinin 6nemi giderek
artmaktadir. Ancak su iiriinlerine olan ihtiyacin artmasina
ragmen su kaynaklarim kirlenmesi ve bilingsizce
kullanilmasi, baliklarin ¢esitli teknolojik gelismelerle
uluslararas1 sularda avlanmaya baglanmasi nedeniyle su

*Corresponding author: muhammet.demir1453@gmail.com

gostermektedir (Saglam vd., 2008). Gelismis iilkelerde
kiiltir balikgilif1 insanlara gida saglamasinin yani sira
ekonomiye, istthdama ve kirsalin kalkinmasina destek
saglayan yetistiricilik sektoriidiir (Elbek, 1981).

Mavi gezegen olarak isimlendirilen diinyanin 2/3’i
sular ile kaphdir. Diinya iizerinde bulunan sularin %97.5’i
tuzlu, %2.5°1 tathidir. Tath sularin 2/3’t kutuplarda ve
yiiksek daglik alanlarda buz kiitleleri halindedir (Sekin,
1996). Goller, goletler, nehirler, akarsular ve sulak alanlar
yer kiirenin yaklasik % 6'sini, kitalarm ise yiizde 15'ini
kapsadig1 varsayilmaktadir. Yeryiiziinde yaklasik 300
milyon dogal gél, 4,2 milyon km? 'lik bir alani, yapay
goller 335.000 km? 'lik alani, nehir ve dereler yaklasik
500.000 km? *lik bir alani, kitasal sulak alanlar ise 12,8 ila
15,8 milyon km? arasinda bir alan1 kaplamaktadir (Chapra,
1997).
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2020 yilinda Diinya’da toplam su iiriinleri tiretimi 178
milyon ton olurken, yetistiricilik {retimi 87,5 milyon
tondur. Gokkusagr alabaligi yetistiriciligi 2020°de
Diinya’da 77 iilkede ve yaklasik 1,02 milyon ton olarak
elde edilmistir. Ulkemizde, 10 yillik degisime bakildiginda
2012 yilinda yetistiricilik miktar1 212.410 tondan, 2021
yilinda 471.686 tona ¢ikmistir (Yildirim ve Cantag, 2022).

Tirkiye’de su {drilinleri yetistiriciligi, 1960’11 yillarin
sonu ve 1970°1i yillarin basinda iki tiir (gokkusagi alabaligi
ve aynali sazan) ile baslamig, 1980’li yillarda deniz
baliklar1 (¢ipura ve Avrupa deniz levregi) yetistiriciligi ile
onemli adimlar atmig, 1990’11 yillarda ise alabalik, cipura
ve levrek yetistiriciliginde artis belirginlesmeye baslamis
ve alternatif tiirler ile ilgili adimlar atilmigtir. 2000°li
yillarda ton/orkinos yetistiriciligi konusunda Ege ve
Akdeniz’de o6nemli adimlar atilmustir  (Yildirim  ve
Okumus, 2004). 2002 yilindan 2021 yilina kadar aveilik
yolu ile yapilan balik¢iligin toplam iiretim i¢indeki payi
azalirken, yetistiricilik yoluyla yapilan balikgilik ise artig
gostererek en yiiksek artis orani 2019 yilinda % 1.19
olarak gerceklesmistir. Bu durum denizlerden avcilik yolu
ile elde edilebilecek iriin miktarmin  daha fazla
artirtlamamasindan kaynaklanmaktadir. Tiirkiye’de 2002
yilinda denizlerde ve i¢ sularda yetistiricilik yolu ile elde
edilen su iiriinleri miktar1 61.165 ton ve iiretimdeki toplam
payt % 9.74 iken, bu miktar 2017 yilinda 276.502 ton ve
toplamdaki payr % 43.83 olarak gerg¢eklesmistir. 2018
yilinda su triinleri yetistiricilik miktar1 (314.537 ton) ilk
kez avcilik miktarini (314.094 ton) gegerek iiretimdeki
toplam pay1 % 50.03 olmustur. 2019 yilinda yetistiricilik
miktar1 (373.356 ton) artmasina ragmen iiretimdeki toplam
pay1 diiserek % 44.6 oldugu goriilmiistiir. Su triinleri
avcilik miktar1 2019 yilinda son sekiz yilin (2012-2019) en
yiksek seviyesine ulasarak 463.168 ton olarak
gerceklesmistir. 2020 yilinda su iriinleri yetistiriciligin
iretimdeki toplam pay1 % 53.63 ve 2021 yilinda % 58.97
olarak gergeklesmistir. 2000-2017 tarihleri arasinda en gok
yetistiriciligi yapilan tiir alabalik iken 2018-2020 yillari
arasinda {ilkemizde en c¢ok yetistiriciligi tiir sirasiyla
levrek, alabalik ve ¢ipura olmustur. 2021 yilinda su
trtinleri yetistiriciliginde % 35 ile ilk sirada alabalik, ikinci
% 32.9 ile levrek ve igiincii sirada % 28.3 ile ¢ipura yer
almaktadir. Diger tiirlerde ise, 2021 yilinda en ¢ok iiretilen
sirastyla 5.913 ton ile sariagiz, 4.952 ton ile orkinos ve
4.585 ton ile midye takip etmektedir. 2015 yilinda 3 ton
olan midye tiretimi stirekli artig gostererek 2021 yilinda en
yiiksek miktara ulasmistir. Orkinos yetistiriciligi 2021
yilinda 4.952 ton ile en yiiksek tiretim miktarina ulagsmistir
(TUIK, 2022). 2020 yilinda Tiirkiye’de denizlerde, su
iiriinleri aveiliginin en ¢ok yapildig yer Karadeniz (% 75),
su trtinleri yetistiriciliginin en ¢ok yapildig1 yer ise Mugla
(% 43) olmustur (Cételi, 2021).

Tirkiye’de 2021 yilinda yapilan toplam 471.686 ton
yetistiriciliginin % 35’ini, alabalik olusturmaktadir.
Alabalik yetistiriciligi Tirkiye’de toplam 68 ilde
yapilmaktadir. Ulke genelinde 58 ilde toplam 1.435 milyar
adet yavru iiretim kapasitesine sahip 493 adet gokkusag:
alabaligi  kulugkahanesi  bulunmaktadir.  Gokkusag:
alabalig1 yetistiriciliginde Elazig (26.500 ton; %16) ilk

sirada gelmekte, Mugla (22.000 ton; %13); Samsun
(13.045 ton; %38), Trabzon (9.800 ton; %4,6) ve Sanliurfa
(7.658 ton; %4) ise Elazig’1 takip etmektedir (Yildirim ve
Cantag, 2022). Ayrica i¢ sularda 1.735 adet, denizlerde
432 adet olmak iizere toplam 2.167 adet su iriinleri isletme
faaliyet gostermekte ve i¢ sularda 3.185 adet, denizlerde
15.291 adet olmak iizere toplam 18.476 adet balik¢1
teknesi avcilik yapmaktadir. Tirkiye’de i¢ sularda kiiltiir
balike¢iligr yapilan balik tiirleri iginde yetistiriciligi en ¢ok
yapilan alabalik olup; alabaligin iilkemizdeki i¢ sularda
yetistiricilikle elde edilen toplam {retim miktar
135.732 ton ve i¢ su avcilikta ise en biiyiik pay Van Goli
havzasinda avciligi yapilan inci kefali (Alburnus tarichi)’e
ait olup i¢ su avecilik miktart 9.757 tondur (BSGM, 2021).

Dogu Anadolu Boélgesi’nde de su iiriinleri, tarimsal
yap1 igerisinde bitkisel {iretim ve hayvanciliga oranla en az
gelismis olamdir. Ozellikle Van ve gevre iller oldukga
6nemli su triinleri potansiyeline sahip olmasina ragmen,
bolgedeki mevcut yetistiricilik ve avcilik faaliyetleri hali
hazirda oldukg¢a sinirlidir.

Van ilinin cografik yapisina bakildiginda %53' likk
kismint daglar olusturur. Kuzey kesimde Aladag (3.255
metre) ve Tendiirek (3.542 metre) Daglari Agrt ile sinir
olusturur. Sehrin dogusunu Tendiirek Dagi'ndan baslayip
Yiiksekova'ya kadar devam eden Iran smmrina paralel
daglar olusturur. Bu daglarin yiikseltisi 2600-2700 metre
civarindadir. Sehrin dogusunda ise Erek Dag1 (3.204
metre) bulunur. Hosap yakinlarinda ise Ispiriz Dag1 (3,688
metre) bulunur ki bu dag Van'in en yiiksek noktasidir.
Daglarin en ¢ok yogunlagtigi alan Gevas, Catak,
Bahgesaray ilceleri arast olan kisimdir. Bu daglarin
yiiksekligi yer yer 3.000 metreyi gecmektedir. Thtiyarsahap
Daglar1 ve Artos  Dagi1 (3.500 metre) bu bdlgenin
kuzeyinde bulunur. Tusba ve Muradiye ilgeleri arasi da
yiiksekligi fazla olmayan bir¢ok dag bulunmaktadir.

Kapali bir havza olan Van Golii Havzasi’nda Van
Goli, Er¢ek GOlii ve ¢ok sayida su kaynagr (g6l, golet,
baraj, akarsu vb.) bulunmaktadir. Bu havzada en 6nemli su
kaynaklart Karasu, Bendimahi, Deli¢ay, Zilan, Karmug,
Sapur, Giizelkonak, Engil, Memedik ve Akkdpri
dereleridir. Van Goli’ne dokillen ¢ok sayida kiiglik
mevsimsel akarsularda vardir. Havzada dogal olarak
Ercek, Arin, Aygir, Siiphan (Sultan), Nazik, Nemrut ve
Turna (Kesis) golleri de bulunmaktadir. Ayrica Kogkoprii,
Sarimehmet, Morgedik ve Zernek baraj golleri ile Sihke,
Dereiistii, Kurubag, Golalan, Sahgeldi, Dolgimen
(Dolutag), Yumruklu, Altinboga, Agarti, Govelek,
Donerdere, Cubuklu, Gélegen, Morgigek ve Asagi Tulgali
gdletleri de DSI XVII. Bolge Miidiirliigii tarafindan insa
edilen yapay su kaynaklaridir (Sen ve Atici, 2018).

Zilan Cayr’nda Capoeta cosswigi, Alburnus tarichi,
Oxynoemacheilus ercisisianus, Barbus ercisianus ve
Cyprinus carpio, Deli¢ay’da Capoeta cosswigi, Alburnus

tarichi, Oxynoemacheilus ercisisianus ve Barbus
ercisianus, Bendimahi Cayi’'nda Capoeta cosswigi,
Alburnus tarichi, Oxynoemacheilus ercisisianus ve

Cyprinus carpio, Karasu Cayi’'nda Capoeta cosswigi,
Alburnus  tarichi,  Oxynoemacheilus  ercisisianus,
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Oncorhynchus mykiss ve Cyprinus carpio balik tiirleri
bulunmaktadir (Elp vd., 2016).

Bu c¢alismada, Van ilinde su firiinlerinin avcilik ve
yetistiricilik yoluyla elde edilen iiretim miktarlar1 ile su
kaynaklarma aktarilan balik miktarlart ele alinarak
Tiirkiye’deki payinin belirlenmesi amaglanmistir.

Materyal ve Yontem

Van ilinde bulunan mevcut su kaynaklar1 ve potansiyel
durumlart hakkindaki bilgiler Van DSI XVII. Bélge
Miidiirliigiinden, su iriinlerinin aveilik ve yetistiricilik
yoluyla elde edilen iiretim miktarlar ile su kaynaklarina
aktarilan balik miktarlarina ait bilgiler ise TUIK, BSGM
ve Van Il Tarim ve Orman Miidiirliigiinden temin edilmis
ve degerlendirmeler yapilmistir.

Calisma Sahasi

Van 1li, Dogu Anadolu'nun bdlgesinde yer almaktadir.
Yiizolgiimii 20,921 km? olup, Tiirkiye yiizolgiimiiniin %
2,6’s1 kadardir. Van {linin giineyinde Hakkari ve Siirt,
dogusunda Iran, kuzeyinde Agri, batisinda ise Bitlis Ili
vardir. 11 arazisinin ortalama olarak % 53’ii daglik, % 33’ii
yaylalar ve platolar % 24'si ise ovalar ile kaplidir. Hosap
yakinlarinda bulunan Ispiriz Dag1 (3,688 metre) Van'in en
yliksek noktasidir.

Calisma sahasi, Van’in ilgelerinde bulunan alabalik
isletmeleri, inci kefali baliginin yasam alani olan Van
Goli, Ergek Golii ile sazan, siraz vb. baliklarin bulundugu
baraj golleri, gél, golet ve gaylardir.

Su Kaynaklar

Van [linde, diinyanin en biiyiik gélii olan Van Gélii ile
Er¢ek Goli, Kesis (Turna) Golii, Siiphan GoOlii, Sihke
(Bostani¢i) Golii, Akgol, Degirmigdl Golii ve irili ufakli
yaklasik 50 adet gol ve golet mevcuttur. Van Goliine
dokiilen Zilan, Deligay, Bendimahi, Karasu Cayi, Engil
Cay1, Gevas Cayi, Ergek Goliine dokiilen Mamedik Cayz,
Dicle Nebhri ile birlesen Norduz Cayi ile Miikiis Cay1 ve
irili ufakli yaklastk 160 adet cay, dere ve Kogkopri,
Sarimemet, Zernek ve Morgedik Barajlar1 bulunmaktadir
(Anonim, 2021a). Van Go6li sahil ilgeleri; Gevas, Edremit,
Tusba, Ipekyolu, Muradiye ve Ercis olup, denizden
yiiksekligi 1.700-1.750 m arasindadir.

Van ilinde bulunan Tablo 1°de

verilmistir.

su kaynaklar1

Bulgular ve Tartisma
Van ili Su Kaynaklarimin Kullamim Durumu

Van li su iiriinleri iiretim potansiyelinin yogun oldugu
dere, gay, gol, golet ve baraj golleri ile kapladiklar: alanlar
Tablo 1°de verilmistir. Bazi su kaynaklarmin tarimsal
sulamalarda kullanilmasindan ve yagiglara bagli olarak
yilin  belirli donemlerinde su miktarlarinda azalma
olmasindan dolay1 bu kaynaklarda y1l boyu yetistiricilik ve
avcilik agisindan siireklilik saglanmadig: diistiniilmektedir.
Ancak yilin belirli donemlerinde ise bu kaynaklarin
suyunun artmasi ile ticari avcilik, yetistiricilik, olta

balikcilig1 yapilmasi i¢in olanak saglamaktadir. Van ilinde
bulunan su kaynaklarindan Van Golii ve Ergek Goli inci
kefali (Alburnus tarichi) ve Sarimemet, Kockoprii, Zernek
Baraj Golleri ise sazan (Cyprinus carpio) ve siraz
(Capoeta capoeta) ticari avciligi yapilmaktadir. Zernek,
Sarimemet Baraj Gollerinde ag kafeslerde ve bazi su
kaynaklarinda ise karada kurulu isletmelerde alabalik
(Oncorhynchus  mykiss)  yetistiriciligi ~ yapilmaktadir.
Ayrica, gol, golet, baraj gibi su kaynaklarinda amator
balik¢ilikta yapilmaktadir.

Tablo 1. Van ili’nde bulunan bazi su kaynaklar1 (Anonim,

2021c)
K o - Yiizey
aynagin Bulundugu
No Adi flge Alam
(ha)

1  Van Goli - 375.500
3 Ercek Goli Ipekyolu 11.200
4 Sihke Goli Ipekyolu 161
5  Elagmaz Goleti Giirpinar 43
6  Turna (Kesis) Goli Glirpinar 615
7  Kaz Goli Caldiran 5

8  Hidirmentes Golii Caldiran 95
9  Yumruklu Géleti Ozalp 40
10  Asag Tulgal Goleti Ozalp 9

11  Emek Goleti Ozalp 4

12 Dénerdere Goleti Ozalp 25
13  Dolutas Goleti Ozalp 126
14  Degirmigdl Goleti Ozalp 78
15 Altinboga Goleti Ozalp 16
16  Hasantimur Goéleti Ozalp 82
17  Morgicek Goleti Ozalp 19
18  Cubuklu Goleti Ozalp 13
19  Hazine Goleti Ozalp 3
20 Meydanbogazi Goleti Ercis 180
21  Morgedik Baraj Ercis 865
22 Zernek Baraji Glirpinar 478
23 Sarimemet Baraji Muradiye 874
24 Kogkdoprii Baraji Ercis 636
25  Akgdl (Tuzlu) Ozalp 510
26  Govelek (Ermanis) Goleti  Ipekyolu 74
27  Siiphan Goli Caldiran 180
28 Cagan Goleti Saray 15
29 Kazh Gol Saray 7
30  Oymaklh Goleti Saray 11
31 Sirimli Goleti Saray 21
32  Sagmali Goleti Ozalp 14
33 Karasu Cay1 Tusba 130
34  Deligay Ercis 45
35 Zilan Cay1 Ercis 130
36 Bendimahi Cay1 Muradiye 90
37  Engil Cay1 Edremit 138
38 Norduz Cay1 Glirpiar 145
39 Mamedik Cay1 Ercek 60
40 Giizelkonak Cay1 Gevasg 13
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Van ili Su Uriinleri Uretim Potansiyeli ve
Tiirkiye’deki Pay1

Van ilinde su driinlerinin avcilik ve yetistiricilik
yoluyla elde edilen iiretim miktarlari ile su kaynaklarina
aktarilan balik miktarlar1 ele almarak Tirkiye ig
sularindaki paymin belirlenmesi amaciyla TUIK, BSGM
ve Van Il Tarim ve Orman Miidiirliigii verilerinden
yararlanilmistir. Elde edilen veriler ile su iirlinleri {iretimi
aveilik, yetistiricilik ve baliklandirma seklinde ii¢ baglik
halinde belirtilmistir.

Aveilik

Van ilinde 5 adet avlak sahasi mevcut olup, bu avlak
sahalarinin 4 adedi (Ercek Golii, Sarimemet, Kockoprii ve
Zernek Baraj Golleri) kiraya verilerek, Van Go6lii ise kiraya
verilmeksizin ticari avciliga agilmistir. Avlak sahalarindan
Van Goli ve Ergek Golinde inci kefali avciligi,
Sarimemet, Kogkoprii ve Zernek Baraj gollerinde ise sazan
ve siraz avciligt yapilmaktadir. Ayrica, gol, golet, baraj
gibi su kaynaklarinda amator avcilikta yapilmaktadir.

Van ilinde su iiriinleri avciligi yapan balik¢t teknelerin
yanastigi 13 adet balik¢i kiyr yapisi mevcut olup, bu

yapilarda toplam 80 adet balik¢1 teknesi faydalanmaktadir
(Tablo 2).

Van ilindeki balikg1 teknelerin en ¢ok faydalandigi kiy:
yapilar1 sirastyla, Deregazi, Citéren ve Yesilsu kiyt
yapilaridir. Altinsag ve Dagonii balikg1 kiyr yapilarinda
balik¢1 teknesi yanasmadigi goriilmektedir. Altinsag kiy1
yapist Van Il ve Gevas ilge merkezlerine ve pazar yerlerine
uzak oldugundan, Dagonii kiy1 yapisinin ise baliket
teknelerine hizmet verebilecek yeterli alt ve {ist yapiya
sahip olmadigindan dolayr balik¢ilar tarafindan pek tercih
edilmemektedir. 12 adet tekne kapasitesine sahip olan Van
Yiiziincii Y1l Universitesi tekne barmma yerinde 1 adet
balik¢t teknesi ve 1 adet {iiniversiteye ait arastirma
gemisinden devamli olarak yararlanmaktadir. Ancak,
kurak gecen donemlerde Van Go6li suyunun g¢ekilmesi ile
birlikte kiy1 yapilari igerisindeki sularin azalmasindan ve
ortaya ¢ikan taslik, kayaliklardan dolay1 bagli bulunduklar
kiyr yapilarina yanasamayan balik¢1 tekneleri, bu
donemlerde Van Yiiziincii Y1l Universitesi tekne
barinagina yanagmaktadir (Anonim, 2021b).

Van ilinde avcilik yapan kayith balik¢r teknelerinin
Tiirkiye’deki pay1 Tablo 3’te verilmistir.

Tablo 2. Van ili balik¢1 kiy1 yapilari envanteri (Anonim, 2021b)

No it filge Bg‘{l:;‘i‘sll‘k Kiy1 Niteligi ;i'y‘:‘sf
1 Van Edremit Edremit Balik¢1 Barmagi 6
2 Van Ercisg Golagzi Tekne Barinagi 6
3 Van Gevas Altinsag Tekne Barinagi 1
4 Van Gevag Dereagzi Balik¢1 Barmagi 22
5 Van Gevas Gevas Tekne Barinagi 3
6 Van Gevas Inkdy Iskelesi
7 Van Gevas Yarimada Tekne Barimma Yeri 6
8 Van Ipekyolu Ergek Dogal Barinma
9 Van Tusba Citoren Tekne Barinagi 13
10 Van Tugba Dagonii Dogal Barinma
11 Van Tusba Y?Xlg?)ka Tekne Barinagi
12 Van Tusba Yesilsu Tekne Barinma yeri 6
13 Van Tusba \[(Jlrllzlsgrcsjtzsll Tekne Barinma Yeri 1

Toplam 80

Tiirkiye’de 2021 yilinda igsu avcilik i¢in ruhsat alan 10
m altindaki gemilerin oran1 % 85.08’dir. Bu durum, igsu
balik¢t filosunun ¢ogunlukla kiigiik oOlgekli baliket
gemilerinden olustugunu gostermektedir. Van Golii'nde
avcilik icin kayit alan 12 m ve {stii gemilerin oran1 %
70°tir. Van Go6li diger i¢ sulara gore daha biiyiik yiizey
alan ve derinlige sahip oldugundan balik¢1 tekne boylari,
diger i¢ sularda kullanilan balik¢1 tekne boylarma gore
daha biiyiik oldugu tahmin edilmektedir. Van Goliinde
avcilik yapan balik¢t teknelerinin boylar1 agirlikli olarak

12 m {istiidiir. Ikinci sirada 10.00-11.99 m boylarindaki
tekneler takip etmektedir (Tablo 4). Balik¢1 teknelerinde
80 gemi kaptan1 ve 166 ¢aligan olmak iizere yaklasik 247
kisiye direkt istihdam saglamakla beraber, dolayli olarak
lokanta, restoran, toptanci, perakendeci, tekne imalatgisi,
nakliyeci, bu islerle ilgili malzeme satan fabrikalar vb.
yerlerde de istihdam saglamaktadir. Ihtiyag duyulan is
giicli yorede bulunan bolgelerden tedarik edilebilmektedir.
Gemi Kaptani belgesini ise balik¢inin kendisi ya da balike1
teknesini kullanacak caligsani, Bitlis ili Tatvan ilgesinde
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bulunan Liman Basgkanliginin acmis oldugu kurslara ve
sinavlara katilarak almaktadirlar. Avlanan inci kefali,
sazan ve siraz baliklari taleplere bagli olarak ¢ogunlukla
taze, tuzlanmis, dondurulmus, soklanmig olarak i¢ piyasa
ve cevre illere satiglart yapilmaktadir.

Van Golii havzasinda avcilik yapan Van iline kayith
balik¢1 tekneleri ve aveilik miktarlarinin Tiirkiye’deki pay1
Tablo 4’te verilmistir.

Tablo 3. Van ilinde kayith balik¢1 teknelerinin Tiirkiye’deki pay1 (Anonim, 2021b)

Gemi Boyu Tiirkiye’de i¢csu Bahkel Tekne Van’da Balik¢i Tekne Van’in Tiirkiye’deki
Tekne Sayisi Orani (%)  Tekne Sayisi Oram (%) Pay1 (%)

0-4.99 398 12.50 0 0 0

5-7.99 2.312 72.59 0 0 0

8.00-9.99 391 12.27 8.75 1.79
10.00-11.99 22 0.69 17 21.25 77.27
12.00-19.99 62 1.95 56 70.00 90.32
Toplam 3.185 100 80 100 2.51

Tablo 4. Yillar itibariyle Tiirkiye ve Van’daki kayitli balikc1 tekne sayisi ve aveilik miktart (BSGM, 2021; TUIK, 2021;

Anonim, 2021b)

Tiirkiye’de

Tiirkiye’de

vil Van’S(::; ;ls“lekne icsu Tekne PVan"l)n Ianl’(li(a I¢su fesn Aveilik Van’:)n
S ay1 (%) veilik (Ton) (%) Pay1 (%)
2013 95 3.232 2,94 8.600 35.074 24.52
2014 93 3.065 3,03 8.310 36.134 23.00
2015 92 2.922 3,15 8.850 34.176 25.89
2016 90 2.831 3,20 9.950 33.856 29.39
2017 86 2.811 3,06 9.830 32.145 30.58
2018 87 2.783 3,12 9.945 30.139 33.00
2019 83 2.757 3,01 10.050 31.596 31.65
2020 82 2.740 3,00 9.022 33.119 27.24
2021 80 3.185 2,51 9.757 33.140 30.63
Ortalama 88 2.925+189 3.00+£0.21 9.368+671 33.264+1.821  28.43+£3.43

2013-2021 yillar1 arasinda Tirkiye’nin toplam igsu
avcilliginin % 28.43 gibi 6nemli bir kismin1 Van ilinde
yapilan avcilik olusturmaktadir. Van ili i¢csu avciliginda,
inci kefali baliginin etkisiyle son 9 yilin verilerine gore
Tirkiye birincisi olarak yerini almistir. Van ilinde igsu
avcilifr en fazla 2019, en az ise 2014 yilinda, Tiirkiye’de
ise en fazla 2014, en az 2018 yilinda gerceklesmistir. Van
ilinin i¢ su avecilik miktarinin Tirkiye’deki pay1 en fazla
2018 yilinda, en az ise 2014 yilinda gergeklesmistir.
Tiirkiye ve Van ilinde i¢su balik¢1 tekne sayilarinda yillar
itibari ile stirekli bir diisiis, aveilik miktarinda ise diizensiz
azalma ve artislarin oldugu goriilmistiir. Bu durumun,
denizlerde 2002 yilinda filoya yeni gemi girisi tamamen
durdurulmus olmasi (TAGEM, 2019), iptal olan veya
yenilenmeyen gemi ruhsat sayilari, ic¢sularindaki av
baskisi, mevsimsel sartlar, avlanan giin sayisi, kullanilan

aglarin sayist, avciliga agilan ve kapatilan istihsal alanlari,
avcilikta konulan kota miktarlar1 vb. sebeplerden
kaynaklandig1 tahmin edilmektedir. Van ilinde yillar itibari
ile kayith balik¢1 tekne sayisinin Tiirkiye’deki pay1 %3.00
olmasina ragmen avcilik miktarindaki pay1 %28.43 olarak
gorliilmiigtiir. Bu durumun, Van Goli’niin su kiitlesi
Tirkiye’deki diger i¢ sulara gore daha biiyiik, stok
miktarinin fazla olmasi ve avcilikta daha biiyiik tekneler
kullanilmasindan kaynaklandig: tahmin edilmektedir.

Yetistiricilik

Van ilinde su iriinleri olarak sadece gokkusag:
alabalig1 yetistiriciligi yapilmaktadir. Van ilinde alabalik
yetistiriciligin yogun oldugu Catak ve Giirpinar ilgelerinde
kurulu alabalik isletmelerin kapasiteleri 10 ton/yil ve 250
ton/y1l degerleri arasinda yer almaktadir. Isletmelerin cogu
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kiiciik aile isletmeleri seklinde olup, gokkusag: ve kirmizi
benekli alabalik yetistiriciligi yapilmaktadir (Tablo 5). Van
ilinde alabalik isletmelerinin agirlikli olarak kuruldugu
bolgeler sehirden uzak, ulagimi zor, sosyal aktiviteler ve
barmmma yerleri olmadigindan dolay:1 isletmeler teknik
eleman bulmada zorluklar yasamaktadirlar. Isletmelerde
calisacak  isciler  g¢evredeki  bolgelerden  tedarik
edilebilmektedir. Teknik eleman talepleri ise ildeki su
iriinleri fakiiltesi ve diger su {irlinleri fakiiltelerinden
mezun olanlardan karsilanmaktadir. Cogunlukla satiglar

taleplere bagli olarak iireticiden perakende veya toptan
satig yerlerine taze alabalik seklinde yapilmakta olup,
perakendeci ve toptancidan tiiketiciye taleplere bagh
olarak taze alabalik, soklanmis, temizlenmis buzlanmis
seklinde yapilmaktadir. Van ilinde bulunan alabalik
isletmeleri birgok kisiye direkt istihdam saglamakla
beraber, lokanta, restoran, toptanci, perakendeci, nakliyeci,
bu islerle ilgili malzeme satan fabrikalar vb. yerlerde de
istihdam saklamaktadir.

Tablo 5. Van ilinde kayitli alabalik isletme sayis1 ve kapasiteleri (Anonim, 2023)

Alabahk Yavru Alabahk Barajlar

ige isletme Kapasite isletme Kapasite isletme  Kapasite

(Adet)  (Ton/yil) (Adet) (Adet/y1l)  (Adet) (Ton/yil)
Gevag 3 29 1 10.500.000 - -
Catak 14 1.006 5 16.000.000 - -
Giirpinar 12 1.856 2 6.000.000 5 1.253
Bahgesaray 2 49 - - - -
Edremit 1 10 - - - -
Muradiye 4 937 - - 3 910
Ercis 1 29 - - - -
Baskale 1 20 - - - -
Ipekyolu 1 14 - - - -
Toplam 39 3.950 8 32.500.000 8 2.163

Van ilinde 2023 yilinda, 31 adet karada kurulu
isletmelerde ve 8 adet baraj gollerinde kurulu ag kafes
isletmelerinde olmak iizere toplam 39 adet isletmede
alabalik yetistiriciligi yapilmaktadir. Bunlarin projedeki
toplam kapasiteleri 3.950 ton/yil olmasina ragmen,
mevsimsel olarak kis aylarmin ve yagislarin farklilik
gostermesi, girdi fiyatlarindaki degiskenlik gdstermesi,
tretime ara verilmesi gibi nedenlerden dolay1 {iiretim
miktar1 siirekli degiskenlik gdstermektedir. Alabalik
yetistiriciligi yapan isletme sayisi Ozellikle Catak ve
Giirpinar ilgelerinde yogunlagmaktadir. Catak ilgesinde 14
adet, Giirpmar ilgesinde 12 adet isletme mevcuttur. Su
griinleri  {iretim bakiminda ise Catak, Giirpinar ve
Muradiye ilgeleri 6n plana ¢ikmaktadir. Catak ilgesinde
bulunan alabalik isletmelerinin kapasitesi 1.006 ton/y1l ve
16.000.000 yavru alabalik adet/yil, Giirpmar ilgesinde,
1.856 adet yi1l ve 6.000.000 yavru alabalik adet/y1l ve
Muradiye ilgesinde 937 ton/yil’dir. Muradiye ilgesinde
bulunan alabalik igletme sayisinin (4 adet), Catak ilgesinde
bulunan igletme sayisina (14 adet) oram1 2/7 olmasina
ragmen, Uretim miktar1 oranmin 9/10 olmasi, Muradiye
ilcesinde bulunan Sarimemet Baraj Goli'nde kurulu ag
kafeslerde alabalik yetistiriciligi yapan biiyiik kapasiteli
isletmelerden kaynaklandigr tahmin edilmektedir. Van
ilinde alabalik tiretiminin %55 ‘i barajlarda ag kafeslerde,
%45°1 ise karada kurulu isletmelerde ger¢eklesmektedir.

Van ilinde 3 farkli ilcede bulunan 8 adet yavru alabalik
isletmesinin toplam kapasitesi ise 32.500.000 adet/y1ldur.

Tiirkiye igsularda alabalik isletme sayilari 2015
yilindan 2019 yilina kadar siirekli diigmesine ragmen,
alabalik yetistiricilik miktar1 2015 yilindan 2021 yilina
kadar siirekli artig gostererek en fazla iiretim 2021 yilinda
gerceklesmistir. Van ilinde ise 2015 yili hari¢ diger
yillarda alabalik isletme sayilar1 siirekli diismesine
ragmen, alabalik tiretim miktarinin 2014 yilindan itibaren
2018 yilma kadar diizenli bir sekilde artarak en fazla
iretim miktar1 2018 yilinda gerceklesmistir.

Van ilin de bulunan alabalik isletme sayisinin 2013-
2021 yillar1 arasinda Tiirkiye’deki pay1 % 2.23+0.06 (4143
adet) olmasina ragmen alabalik iiretiminde % 2.14+0.45
(2.399+387 ton) paya sahiptir. Van ilinde bulunan alabalik
isletme sayilarinin Tiirkiye’deki pay1 en fazla 2013 yilinda
% 2.32 (45 adet), en az 2019 yilinda % 2.13 (37 adet)
gerceklesmistir. Su drlinleri liretim miktar1 pay1 ise en
fazla 2018 yilinda % 2.99 (3.140 ton) ve en az 2021
yilinda % 1.62 (2.201 ton) gerceklesmistir. Van ilinin
Tiirkiye’deki su iiriinleri isletme ve iiretim payinin siirekli
farklilik gostermesi, kapanan ve yeni agilan tesisler, iiretim
miktarlarinda  meydana  gelen  artmalar-azalmalar,
tireticilerin iiretime ara vermesi, tesis kapasitelerinin revize
edilmesi, kuraklik, iklim kosullar1 vb. nedenlerin etkilemis
olabilecegi  disiiniilmektedir. ~ Van  ili  alabalik

20



Demir, COMU J Mar Sci Fish, 6(1): 15-23 (2023)

yetistiriciliginde 2020 yilinda Tiirkiye 22.’si ve 2021
yilinda 26.s1 olarak yer almaktadir (BSGM, 2021).

Tiirkiye’de i¢ sularda gokkusagi alabaligi yetistiriciligi
yapan 0-50 ton/yil kapasiteli isletme sayist % 66.41, Van
ilinde ise % 52.63°dir. Bu durum, Tiirkiye ve Van’daki
igsularda alabalik yetistiriciligi yapan isletmelerin
cogunlukla kiiciik oOlcekli aile isletmeleri oldugunu

gostermektedir. Van’da ikinci sirada 101-250 ton/yil
kapasiteli isletmeler yer almaktadir. Van’da 500 ton/yil ve
tizeri kapasiteli igletme bulunmamaktadir. Bu durum,
cografi ve iklim sartlarindan, pazarlama durumlarinin
yetersiz olmasindan, igletmelerin isgiicii ve teknik eleman
tedarik konusunda zorluk yasanmasindan kaynaklanmis
olabilecegi tahmin edilmektedir.

Tablo 6. Yillar itibariyle Tiirkiye ve Van’daki kayith alabalik isletme sayilar1 ve gokkusagi alabaligi yetistiricilik miktarlari

(TUIK, 2021; BSGM, 2021; Anonim, 2021b)

Van’da Alabahk Tiirkiye’de ig:su Alabalik Van’in Tiirkiye’deki
vil Yetistiriciligi Yetistiriciligi Pay1
Isletme Uretim Miktar1 Isletme Uretim Miktar1 Isletme  Uretim Miktari
(Adet) (ton/y1l) (Adet) (ton/y1l) (%) (%)
2013 45 2.049 1.935 122.873 2.32 1.66
2014 43 1.950 1.945 107.983 221 1.80
2015 44 2.034 1.950 101.166 2.25 2.01
2016 43 2.374 1.901 101.297 2.26 2.34
2017 40 2.683 1.881 103.705 2.15 2.58
2018 39 3.140 1.860 104.887 2.18 2.99
2019 37 2.530 1.693 116.053 213 2.18
2020 38 2.630 1.707 126.101 2.24 2.08
2021 38 2.201 1.735 135.732 2.29 1.62
Ortalama 41+3 2.399+387 1.845+99 113.311+12.493 2.23+0.06 2.14+0.45

Tablo 7. Kapasite bakimindan Tiirkiye ve Van’daki alabalik isletmelerin sayilari (BSGM, 2021; Anonim, 2021b)

Isletme Tiirkiye’de igsu  Isletme Orami  Van’da isletme  isletme Oranmi  Van’m Tiirkiye’deki

Kapasiteleri  Isletme Sayisi (%) Sayis1 (%) Pay1 (%)

0-50 1.101 66.41 20 52.63 2.00

51-100 112 6.75 5 13.16 4.46

101-250 220 13.27 11 28.95 5.00

251-500 126 7.60 2 5.26 1.59

501-1.000 97 5.85 0 0 0

1.000> 2 0.12 0 0 0

Toplam 1.658 100 38 100 2.29
Bahklandirma arttirilmas1 ve mevcut tiirler arasindaki ekolojik denge

Su kaynaklarinda ekolojik ve ekonomik olarak
meydana gelen degismeler; balik stoklarinda azalma,
ireme basari oraninin diismesi, degerli olan tiirlerin yok
olmas1 ve verimliligin diigmesidir. Zarar goren balik
popiilasyonlarinin 1slahi, yeni yapilan gol, golet baraj vb.
yapilarda popiilasyonlarin olusturulmasi, tiir ¢esitliliginin

veya uyumun kurulabilmesi i¢in su kaynaklari
baliklandirilmaktadir.
Bu kapsamda, Van ilinde yillar itibari ile

baliklandirilan su kaynaklar1 ve Tiirkiye’deki payr Tablo
8’de verilmisgtir.
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Tablo 8. Yillar itibariyle Tiirkiye ve Van’da yapilan baliklandirma miktar1 (BSGM, 2021; Anonim, 2021b)

Van Tiirkiye Van’in Pay1
ol Tiix Kaizagl Bahklandirma e Bahklandirma Kaill:agl Bahiklandirma
(Adet) (adet/y1l) (Adet) (adet/y1l) (%) (%)
2013  Sazan - - 554 4.250.000 - -
2014  Sazan - - 328 4.030.000 - -
2015 Sazan - - 378 3.500.000 - -
2016  Sazan - - 541 5.000.000 - -
2017  Sazan - - 591 6.085.000 - -
2018  Sazan - - 686 6.000.000 - -
2019  Sazan 17 250.000 787 6.168.000 2.16 4.05
2020  Sazan 12 180.000 833 6.691.150 1.44 2.69
2021  Sazan 14 1.200.000 1.011 54.018.450 1.38 2.22
Toplam 43 1.630.000 2.631 66.877.600 1.67 2.44

Van ilinde son 3 yilda 43 adet su kaynagina Tarim ve
Orman il Miidiirliigii tarafindan 1.630.00 adet sazan balig
astlanmigtir. Van ilinde bir¢ok su kaynagi mevcut olup,
bunlarin bir kismi1 mevsimsel olarak kurudugundan dolay1
baliklandirmaya uygun olmadigi tespit edilmistir. Van
ilinde baliklandirilan su kaynag: Tirkiye’deki payt %1.67
olmasina ragmen baliklandirilan balik miktarinda %2.44
paya sahiptir. Van ilinde baliklandirilan kaynak sayisi ve
balik miktarmin Tiirkiye’deki paymnda yillar itibari ile
diisis  gozlenmektedir. Bu  durumun, Tiirkiye’de
popiilasyonu zarar géren ve yeni yapilan gol, golet ve baraj
sayilarindaki artiglarin  Van iline oranla daha fazla
olmasindan kaynaklandigi diistiniilmektedir.

Sonuc¢

2013-2021 yillar1 arasinda ortalama Van ilinin Tiirkiye
i¢c sularindaki, alabalik isletme sayist orant % 2.23,
alabalik yetistiricilik oran1 % 2.14 (Tablo 6), balik¢1 tekne
sayist oranl % 3.00, su iriinleri aveilik miktar1 % 28.43
(Tablo 4) baliklandirma yapilan su kaynaklar1 sayist %
1.67, su kaynaklarina aktarilan balik miktar1 % 2.44 (Tablo
8) ve toplam su iriinleri iretim miktar1 % 7.65 olarak
tespit edilmistir.

Van ilinde aveilik miktarmin tamamina yakinini inci
kefali balig1 olusturmaktadir. inci kefali baliklar1 anadrom
olduklar1 i¢in bahar aylarinda iiremek i¢in tatli sulara gog
etmektedirler. Bu durum kagak avcilar igin bir firsat hali
olusturmaktadir. Ayrica, tarimsal arazilerin sulama
doneminde suyun giftgiler tarafindan kullanilmasi
nedeniyle go¢ yolundaki su miktarinin asir1 azalmasi ya da
tamamen kurumasi nedeniyle gdce giden baliklar ve
yumurtalar1 zarar gormektedirler. Bu nedenle, iireme
doneminde alinacak koruma oOnlemleri ve tireme donemi
boyunca, goce giden baliklarin ve yumurtalarin yasamini
siirdiirebilmesi i¢in can suyunun {iireme alanlarina

(Deligay, Zilan, Bendimahi, Karasu, Engil, Gevas,
Giizelkonak Caylari, Akkoprii ve Kurubas dereleri ile Van
ve Ercek Gollerine dokiilen diger su kaynaklart) verilmesi
ile gé¢ yolculugu daha rahat gegeceginden dolayr inci
kefali stok miktarinin olumlu ydnde etkilenecegi
diisiiniilmektedir.

Van ili zengin su kaynaklari nedeni ile gokkusagi
alabalik yetistiriciligi konusunda cazip illerden biridir.
Ancak yiiksek rakim zorlu arazi gartlar1 ve uzun gegen kis
sartlart alabalik yetistiriciligi yapmay1 zorlastirmaktadir.
Alabalik yetistiricilik tesislerinin biiyiik bir kismi sehir
merkezinden uzak daglik alanlarda kurulu oldugundan ve
barinma yeri ve sosyal aktivite siirli olmasi sebebiyle,
iiretimi artiracak, teknolojik gelismeleri tireticiye tanitacak
teknik mithendis bulundurma zorlagmaktadir. Ayrica basta
yem olmak iizere girdilerin pahali ve siirekli fiyatlarin
degisken olmasi, pazar yerlerine uzak olmasi, soguk hava
zincirinin  olmamasi gibi durumlar {ireticiyi olumsuz
etkilemektedir. Bu nedenlerden dolayi, alabalik
yetistiriciligi miktarinda  siirekli artma-azalma gibi
durumlar ortaya c¢ikarmaktadir.  Suyun debisine ve
kalitesine gore yetistiricilik modelinin gelistirilmesi
gerekmektedir. Van ilinde alabalik yetistiriciliginde var
olan potansiyelin yeteri kadar kullanmildigi sdylenemez.
Van ilinde bulunan kulugkahanelerin toplam yavru
kapasitesi 32.500.000 adet/yildir. En iyi sartlarda 2
yavrudan bir tanesi porsiyonluk agirliga geldiginde 4.060
ton/y1l alabalik iiretime ulasabildigi, bu ise yillik {iretilen
alabalik miktarinin yaklasik 2 kati iiretilebilir demektir. Bu
durumun gergeklesebilmesi ve su iiriinleri potansiyelinin
istenilen diizeyde artabilmesi i¢in, Van’da bulunan tim su
kaynaklarmin incelenerek su iiriinleri agisindan uygun olan
kaynaklarm belirlenmesi, yeni teknolojik gelismelerin
reticilere tanitilmasi, su {riinlerine yonelik egitim
caligmalarinin yapilmas: gerektigi diistiniilmektedir. Van
ilinde bulunan su kaynaklar1 giizel bir sekilde
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degerlendirilmesi durumunda, yetistiricilik ve avcilik
yoluyla elde edilen balik iiretim miktar1 hedeflerin {izerine
¢ikabilecegi tahmin edilmektedir.
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Abstract: Stock assessment indicators of Pagrus caeruloestictus, Pagellus bellotti, Dentex angolensis
and Dentex congoensis from Ghana’s coastal waters were estimated between July 2018 and June 2019.
Total length measurements of 2489 samples were collected from some selected coastal communities
along the Greater Accra region of Ghana and analyzed using FISAT Il Tool. The asymptotic length
(L) for P. caeruleostictus, P. bellottii, D. angolensis and D. congoensis was 39.9 cm, 31.5 cm, 31.5
cm and 28.4 cm, respectively. The growth rate (K) was 0.18 yr* for P. caeruleostictus, 0.36 yr for P.
bellottii, 0.75 yr for D. angolensis and 0.83 yr? for D. congoensis. The current exploitation rate (E)
for P. caeruloestictus, P. bellotti, D. angolensis and D. congoensis was above the optimum level of
0.5, indicating that these species are facing high fishing pressure. To ensure sustainable management
of the overexploited fish species, the need for relevant management measures such extension of the
closed fishing season, reduced fishing effort and others are urgently required.

Bati1 Afrika, Gana Kiyilarinda Mercan Baliklarimin (Pagrus caeruleostictus,
Pagellus bellottii, Dentex angolensis ve Dentex congoensis) Popiilasyon
Dinamikleri

Oz: Gana'nin kiy1 sularindan Pagrus caeruloestictus, Pagellus bellotti, Dentex angolensis ve Dentex
congoensis'in stok degerlendirme gostergeleri Temmuz 2018 ile Haziran 2019 arasinda tahmin
edilmistir. Gana'nin Greater Accra bolgesi boyunca secilmis bazi kiy1 topluluklarindan 2489 bireyin
uzunluk olgtimleri toplanmis ve FISAT II programi kullanilarak analiz edilmistir. P. caeruleostictus,
P. bellottii, D. angolensis ve D. congoensis i¢in asimptotik uzunluk (L) sirasiyla 39.9 cm, 31.5 c¢m,
31.5 cm ve 28.4 cm idi. Biiyiime orani (K) P. caeruleostictus igin 0.18 yil'%, P. bellottii igin 0.36 y1l?,
D. angolensis igin 0.75 yil! ve D. congoensis igin 0.83 yil* idi. P. caeruloestictus, P. bellotti, D.
angolensis ve D. congoensis igin mevcut yararlanma orani (E), bu tiirlerin yiiksek avcilik baskisiyla
kars1 karsiya oldugunu gosteren optimum seviye olan 0,5'in tizerindeydi. Asir1 avlanan balik tiirlerinin
stirdiiriilebilir yonetimini saglamak i¢in, kapali balik¢ilik sezonunun uzatilmasi, avlanma ¢abalarinin
azaltilmasi ve benzeri yonetim 6nlemlerine acilen ihtiya¢ duyulmaktadir.

Introduction

The family Sparidae, which is also known as seabreams,

of identification (Nelson, 1994). Sparid fishes are

is a member of the Perciformes order (Khalaf-Allah et al.,
2016). In the Atlantic, Indian, and Pacific oceans in tropical
and temperate latitudes, seabreams are rarely seen in
brackish or freshwater (Khalaf-Allah et al., 2016; Parenti,
2019). They have an oval body with a well-compressed and
elevated back. The teeth forms serve as the primary means

*Corresponding author: samuelamponsah09@gmail.com

omnivorous, they eat seaweed and invertebrates (Parenti,
2019). As predators, they regulate how well the coastal
environment functions. In 2014, they contributed 6703
tonnes of fishing catch (EUMOFA, 2015; FAO, 2015). In
Europe and Africa, seabreams are valuable both
ecologically and economically. From the coast of West

How to cite this article: Amponsah, S.K.K., Asiedu, B., Amarquaye, N. C., Ofori-Boateng, E., Afranewaa, N.A., & Henneh, S. (2023). Population dynamics of Seabreams (Pagrus caeruleostictus, Pagellus
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Africa, species of the Sparidae family including P.
caeruleostictus and P. bellotii are known to be
overexploited (Konoyima and Seisay, 2021; Kouame et al.,
2020). According to Nunoo et al. (2014), seabreams are one
of the marine demersal species that are economically
significant in Ghana. Seven species of seabreams, including
Dentex congoenis, Dentex angolensis, Dentex canariensis,
Dentex gibbosus, Pagellus bellottii, Pagrus caeruleostictus
and others, have been identified from Ghana out of the
approximately 30 genera and 115 known species (Edwards
et al., 2001; Nelson et al, 2016). Although they are highly-
priced, seabreams are an important food fish that are
frequently consumed by low-income households in
disadvantaged urban regions in Ghana (USAID, 2009). In
Ghana, seabreams are mostly harvested using artisanal
fishing gears such as set gillnets, beach seines, hooks and
lines, and long lines (Edwards et. al., 2001). Despite the
huge economic and ecological importance of seabreams,
there are surprisingly few studies done on the dynamics of
their population such as growth and mortality parameters.
These include findings from studies such as Asabere-

Ameyaw, (1996); Amponsah et al, (2016); *Lazar, (2017);
and Clottey (2020). Given the importance of these species
to food security and the economic well-being of dependent
fishing households, this paper aimed at providing more
scientific evidence to complement already existing studies
by researchers (e.g.Kouame et al. 2020) in other countries
for the sustainable management of the assessed species in
the sub-Saharan West Africa.

Material and Methods
Study area

The study focused on five important fishing
communities along the Greater Accra region of Ghana.
These are Kpone, Prampram, Tema, Sakumono and Nungua
as shown in Figure 1. Sampling sites were selected based on
a two-stage sampling criterion that included geographical
isolation and the level of fishing activities. These sampling
locations are noted for fishing with fishing activities
contributing over 50% as a primary occupation.

Map Of Ghana
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Figure 1. A map of the study area showing sampling areas

Collection of specimens and sampling

The species at the various sampling locations were
identified to the species level using the identification keys
by Fischer et al. (1981). Samples of P. caeruloestictus, P.
bellotti, D. angolensis and D. congoensis were then
collected monthly from randomly selected fishermen who
use multifilament fishing gears from fish landing sites for
twelve (12) months (i.e., from July 2018 to June 2019).
These fishermen predominantly use set gillnets and trawl
nets. The samples collected were preserved on ice and
transported to the laboratory where measurement for total

length (0.1 cm) in centimeters and body weight (0.01g) in
grams using a measuring board and electronic scale
respectively, was undertaken.

Growth Parameters

Growth parameters including growth rate (K) and
asymptotic length (Loo) which followed the Von Bertalanfty
Growth Function (VBGF) were estimated using the
ELEFAN option in FiSAT Tool Estimation of longevity
(Tmax) Of the species was done using the method:

Tmax = 3/IK (Anato, 1999)
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The growth performance index was calculated using the
formula:

@’ =2logL., + log K (Pauly and Munro, 1984)
The theoretical age at length zero (to) followed the equation:

Log 10 (-t0) =-0.3922 — 0.2752 log 10 Leo - 1.038log 10
K (Pauly, 1979)

Mortality Parameters

The linearized length converted catch curve was utilized
in calculating the total mortality (Z) (Pauly and David 1981;
Sparre and Venema 1992).

The natural mortality rate (M) was calculated using the
procedure:

M = 4.118 K% Loo 0333 (Then et al., 2015).
Fishing mortality (F) was calculated as;
F=Z - M (Qamar et al., 2016).
The exploitation rate (E) was computed using:
E= F/Z (Georgiev and Kolarov, 1962)

Data analysis

The length distribution frequency of the assessed fish
species was pooled together at 1 cm interval. The pooled
length data was inserted into the FISAT Il Tool for the
assessment of the population parameters of specimens of P.
caeruloestictus, P. bellotti, D. angolensis and D. congoensis
that were encountered during the study period (Sparre and
Venema 1992).

Results
Length frequency distribution

Tables 1 to 4 show the length distribution of the assessed
fish species with an interval of 1 cm. The minimum and
maximum lengths for D. congoenisis was 12 cm and 27 cm
respectively (Table 1). For P. caeruleostictus, 6 cm and 38
cm were the minimum and maximum lengths (Table 2). The
recorded minimum and maximum lengths for P. bellottii
was 13 cm and 30 cm respectively (Table 3) while for D.
angolensis, 14 cm and 30 cm were the recorded minimum
and maximum length (Table 4). Overall, the total number
individuals for D. congoensis, P. caeruleostictus, P. bellottii
and D. angolensis recorded during the study period was 661,
553, 872 and 403, respectively.

Table 1. Monthly length distribution of D. congoenisis

™~ fe') o)) o — N — o ™ <t [Te) ©
= < < < D NG i < < < < < <
= A — (40} To) — N~ o < To) To) N <t —
cs < < < < < < 9 D D < < <
3003 8 8 8 8 8 2 & g g g 2
= o o o = = o o o o o o o

N N N N N N ~ ~ ~ N N N
12 0 0 0 0 0 0 0 1 0 0 0 0
13 0 1 1 1 0 0 6 8 0 0 1 0
14 0 0 2 2 2 0 12 12 0 1 2 0
15 1 4 2 5 3 1 3 3 0 2 0 1
16 2 8 13 12 2 12 0 2 0 2 11 3
17 10 10 9 12 9 12 1 1 0 4 15 17
18 15 5 11 10 14 0 0 0 4 6 13
19 8 7 14 12 11 13 0 0 1 9 4 8
20 8 7 10 10 13 9 0 0 5 6 15 22
21 5 9 7 11 8 3 0 0 5 4 7 13
22 4 7 2 2 5 2 0 0 4 0 3 7
23 1 2 1 1 3 1 1 0 0 0 2 3
24 2 1 1 0 0 0 4 0 0 0 1 2
25 1 0 0 0 0 0 4 0 0 0 0 0
26 0 0 0 0 0 0 1 0 0 0 1 0
27 0 0 0 0 0 0 1 0 0 0 0 0
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Table 2. Monthly length distribution of P. caeruleostictus
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Table 3. Monthly length distribution of P. bellottii
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Table 4. Monthly length distribution of D. angolensis
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Growth parameters

The restructured length-frequency for the four species
with superimposed growth curves is shown in Figure 2. The
asymptotic lengths (L) for P. caeruloestictus, P. bellotti,
D. angolensis and D. congoensis were 39.9 cm, 31.5 cm,
31.5 cm and 28.4 cm, respectively (Table 1). The growth
rates (K) were recorded as 0.18 yr, 0.36 yr, 0.75 yr! and
0.83 yr! for P. caeruloestictus, P. bellotti, D. angolensis
and D. congoensis respectively. The growth performance
index (®") was 2.50, 2.76, 2.60 and 2.80 for P.
caeruloestictus, P. bellotti, D. angolensis and D. congoensis
respectively. The age at zero length (to) was -0.87, - 0.45, -
0.20 and - 0.21 for P. caeruloestictus, P. bellotti, D.
angolensis and D. congoensis, respectively.

Length at capture

The estimated length at first capture (Lcso) for P.
caeruloestictus, Pagellus bellotti, D. angolensis and D.
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congoensis was 17.3 ¢cm, 16.2 cm, 17.9 cm and 16.3 cm
respectively (Figure 3).

Mortality parameters

The instantaneous total mortality rate (Z) was estimated
using the linearized length-converted catch curve as shown
in Figure 4. The total mortality rate (Z), fishing mortality
rate (F), and natural mortality rate (M) for P. caeruloestictus
were 1.03 yr?, 0.68 yrand 0.35 yr respectively. Estimates
of total mortality rate (Z), fishing mortality rate (F), and
natural mortalityrate (M) for P. bellotti were 1.42 yr?, 0.80
yrland 0.62 yr?, respectively (Table 1). For D. angolensis,
total mortality rate (Z), fishing mortality rate (F), and
natural mortalityrate (M) were 2.24 yrt, 1.19 yrtand 1.05
yrt, respectively. For D. congoensis, total mortality rate (Z),
fishing mortality rate (F), and natural mortality rate (M)
were 3.65 yrt, 2.47 yr!and 1.18 yr? respectively. The
current exploitation rate (E) for P. caeruloestictus, P.
bellotti, D. angolensis and D. congoensis were 0.66, 0.56,
0.53 and 0.68, respectively (Table 5).
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Figure 2. Reconstructed length-frequency distribution with growth curves for A) Pagrus caeruloestictus, B) Pagellus bellotti
C) Dentex angolensis and D) Dentex congoensis (July 2018 — June 2019, Ghana)

29



Amponsah et al., COMU J Mar Sci Fish, 6(1): 24-32 (2023)

1.00
1000 A
075
L=
= =
= H o
ﬁ : 2 .
g o0sof ... ; g 050
o VN e
E E [
0250 . HE 0251
N
L
o.oob L L 0.00
5.00 15.00 25.00 35.00 12.00 17.00 22.00 27.00
Length Classes (cm) Length Classes (cm)
100~ D
0FsL .
z £
= =] .
E 2 11| Y
2 g :
[ o H
RN
025 e, IR
AK-;@ i :
L 0.00l—

ol h h
13.0015.0017.009.0021.0023.0@5.0027.0(28.00

Length Classes (cm)

11.0013.0015.0M7.0019.01.0023.0[25.00

Length Classes (cm)

Figure 3. Length at first capture for A) Pagrus caeruloestictus, B) Pagellus bellotti, C) Dentex angolensis, and D) Dentex
congoensis (July 2018 — June 2019, Ghana).

g0 [ A
70 L
g ]
=
E s0}o . g":p
o
o
20 _(?3' Soe
S o
10 L ¢ g
o
1 1 1 1
_,“:PP 4.0 8.0 12.0 16.0
Relative age (yvears-t0)
10.0
80 L Qta%:b C
]
~ B0 |
B o
= o
E o bl
40 | o oo
Gy
20 L @ <
[+]
0.0 1 L L 1
0.0 1.0 20 3.0 4.0

Relative age (years-0)

In(Midt)

InMdt)

B
5.0 L %&)
G+
P o
o »
50 L =
o
& o
30 | o
1.0 L
L ! L L
_,“:Pfl 2.0 4.0 5.0 3.0
Relative age (yvears-t0)
10,0 -
%, D
a0 L 2,
e
=}
8.0 | o
ot
40 L
o
2.0
o
0.0 1 L L 1
0.0 1.0 2.0 3.0 4.0

Relative age (years-t0)

Figure 4. Linearized length-converted catch curve for the estimated total mortality A) Pagrus caeruloestictus, B) Pagellus
bellotti, C) Dentex angolensis and D)Dentex congoensis (July 2018 — June 2019, Ghana).

30



Population Dynamics of Seabreams (Pagrus caeruleostictus, Pagellus bellottii, Dentex angolensis and Dentex congoensis)
from the Coast of Ghana, West Africa

Discussion

There has not been much information on the population
dynamics of Sparidae species in the marine waters of
Ghana. The present study provides information for
sustainable management of these species within the
Sparidae family. The growth rates for P. caeruleostictus and
P. bellottii were less than 0.5 yr? that implies that these
species showed signs of slow growth, while the growth rate
for D. congoensis and D. angolensis was higher than 0.5 yr’
that also implied that these species are of fast growth. The
growth rate of P. bellottii recorded from the other studies
such as Kuaome et al. (2021) and Amponsah et al., (2016)
(both recorded K = 0.42 yr?), compared favourably with
estimates from the current study (i.e. K = 0.45 yr?).
However, Asabere-Ameyaw and Blay (1999) recorded a
higher growth rate of K = 0.53 yr* than obtained from the
present study. For P. caeruleostictus, Clottey (2020)
documented a growth rate of 0.52 yr respectively from the
coastal waters of Ghana, which was higher than the estimate
recorded from the current study. In addition, the asymptotic
length of P. bellottii recorded from the current study (Lo =
31.5 cm) was lower than estimates by Asabere-Ameyaw
and Blay, (1999) and Kouame et al. (2021) who obtained
Loo to be 34.2 cm and 31.7 cm respectively, but higher than
the estimate recorded by Amponsah et al., 2016 (i.e. Lo =
19.4 cm). Clottey (2020) estimated a relatively high
asymptotic length (Loo=52.7 cm) for P. caeruleostictus than
obtained from the current study. The growth parameters
may have been affected by factors such as the genetic
makeup of the species, which determines its growth
potential, diet type and its utilization, and overfishing (Park
et al., 2013; Sambo & Haruna, 2012).

The fishing mortality for all the assessed fish species in
the present study was higher than the corresponding natural
mortality rate (M). Findings by Kouame et al (2020);
Amponsah et al. (2016) and Asabere & Blay (1996)
revealed similar observation, which suggest the superiority
of fishing activities as the main predictor of decline in the
population of these fish species. Furthermore, the
exploitation rate (E) of all the species from the current study
was above the optimum level of 0.5, indicating that these
species along the coast of Ghana are overexploited.
Likewise, *Asabere & Blay (1999) and *Kouame et al.
(2020) observed overexploitation of P. bellottii with E
values of 0.70 and 0.67, respectively.

Conclusion

The study assessed some aspects of population
dynamics of commercially important species of seabreams
in Ghana. P. caeruloestictus and P. bellottii exhibited slow
growth while D. angolensis and D. congoensis portrayed
fast growth. The current exploitation rate for all the species
was higher than the threshold for sustainable fishing. Given
this, there is the need for the implementation and
enforcement of relevant fisheries management measures
such extension of the closed fishing season, reduced fishing
efforts and enhanced compliance to these relevant measures
by appropriate authorities. Furthermore, there is a need to

conduct further studies on the biology of these and other
sparids in the coastal waters of Ghana for effective regional
and national management.
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Abstract: Proximate and bioactive compounds (total phenolic, flavonoid, chlorophyll-a and total
carotenoid contents) of three brown seaweeds (Dictyota dichotoma, Padina pavonica, Stypopodium
schimperi) and a red seaweed (Jania rubens) from the north-eastern Mediterranean Sea (Iskenderun
Bay) were investigated seasonally at three sampling sites. Seasonal variations were found for all of
the parameters studied. The highest ash content was in J. rubens (77.7%) in the spring. The results
showed that J. rubens is a rich source with respect to mineral content. D. dichotoma had the highest
crude protein content, whereas S. schimperi contained the most lipids. Phenolics ranged between 34.6
- 107.0 mg GAE/g dw. The highest total phenolics were found in S. schimperi in the summer, and the
lowest in P. pavonica in the spring. The flavonoid contents (9.05-10.6 mg QE/g dw) were higher in
brown seaweeds than that in the red seaweed. Moreover, chlorophyll-a and carotenoids levels were
highest in D. dichotoma (4.53 and 2.83 mg/g, respectively) during the autumn. The results revealed
that the biochemical composition of the examined seaweeds showed significant changes depending
on the species, location and seasons.

Iskenderun Kérfezi'ndeki (Kuzeydogu Akdeniz) Kahverengi ve Kirmuzi
Makroalglerin Temel Besin Maddesi ve Biyoaktif Bilesiklerindeki
Mevsimsel Degisimler

Oz: Kuzeydogu Akdeniz'de (iskenderun Korfezi) dagilim gosteren ii¢ kahverengi (Dictyota
dichotoma, Padina pavonica, Stypopodium schimperi) ve bir kirmizi makroalgin (Jania rubens)
temel besin maddesi ve biyoaktif bilesikleri (toplam fenolik, flavonoid, klorofil-a ve toplam
karotenoid icerikleri) ii¢ 6rnekleme istasyonunda mevsimsel olarak incelenmistir. incelenen tiim
parametrelerin mevsimsel degisimler gosterdigi belirlenmistir. En yiiksek kiil igerigi ilkbaharda J.
rubens tiiriinde (%77.7) bulunmustur. Sonuglar, bu tiiriin zengin bir mineral kaynagi oldugunu
gostermigtir. D. dichotoma en yiiksek ham protein icerigine, S. schimperi ise en fazla lipit i¢erigine
sahip tiir olmustur. Makroalglerde fenolik madde igerigi 34.6 ile 107.0 mg GAE/g kuru ag. arasinda
degismistir. Toplam fenolik madde miktar1 yazin S. schimperi tiiriinde en yiiksek diizeye ulasirken,
en diisik deger ilkbaharda P. pavonica tiriinde bulunmustur. Flavonoid igerikleri (9.05-10.6 mg
QE/g kuru ag.) kahverengi deniz yosunlarinda kirmizi deniz yosunundan daha yiiksek bulunmustur.
Klorofil-a ve karotenoid igerigi ise D. dichotoma tiiriinde sonbahar mevsiminde en yiiksek
diizeylerde (sirasiyla 4.53 ve 2.83 mg/g) bulunmustur. Sonuglar, incelenen makroalg tiirlerinin
biyokimyasal kompozisyonunun tiire, lokaliteye ve mevsimlere bagl olarak belirgin degisimler
gosterebilecegini ortaya koymustur.
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Introduction

Seaweeds are divided into three groups depending on
pigmentation, namely red, green and brown algae. As
primary producers, they provide food and shelter for many
organisms living in the coastal waters. They are utilized as
food for humans, feed for animals and as a source of
various chemicals (Nedumaran and Arulbalachandran,
2015). They have been traditionally consumed by humans
and used to extract ingredients. Seaweeds contain protein,
lipids, dietary fibre, carotenoids, minerals and vitamins
(Kumar et al., 2008; Pefalver et al., 2020). Many species
red and brown seaweeds are utilized to produce alginate,
agar and carrageenan, which are used as thickeners in
foods, cosmetics and medicine. Moreover, seaweeds are
particularly rich in biologically active compounds, i.e.,
functional foods such as phenolic and flavonoids, which
have antioxidant activities (Machu et al., 2015; Yilmaz et
al., 2021). The antioxidant activity of seaweeds has been
studied and strong relations between phenolic compounds
and antioxidant activities were found. Wang et al. (2009)
showed that the antioxidant activity of red seaweed was
closely correlated with its extracted phenolics.
Antioxidants are known to have a protective effect since
they can defend the human body against damage by free
radicals (Kalasariya et al., 2021). Free radicals are
associated with human diseases, including cardiovascular
disease, cancer, diabetes, hypertension, ischemia, ageing,
and Alzheimer's disease (Chauhan and Chauhan, 2006;
Matanjun et al., 2008).

Although Turkey is surrounded by the Black Sea, the
Mediterranean Sea, the Sea of Marmara and the Aegean
Sea with >8000 km of coastline, the bioactive compounds

40 ‘ - '
2 Western
Mediterranea

35

30

of seaweeds have still not been adequately studied. The
previous studies in Turkish coastal waters are generally
concentrated on the taxonomy and distribution of
seaweeds (Aysel et al., 2006a; Aysel et al., 2006b; Taskin,
2014). Data on the chemical composition of seaweeds
from the coasts of Turkey have increased in recent years
but are still limited (Polat and Ozogul, 2008; Polat et al.,
2012; Turan et al., 2015; Giiner and Yavasoglu, 2018; Caf
et al., 2019; Saygili et al., 2022). Moreover, there are only
few studies on seasonal variations in the biochemical
contents of seaweeds on our coasts (Polat and Ozogul,
2013; irkin and Erdugan, 2016; irkin and Erdugan, 2017;
Yesilova et al., 2017). This study is aimed to investigate
the proximate composition, total phenolic, flavonoid and
pigment contents of seaweeds seasonally collected from
Iskenderun Bay on the north-eastern Mediterranean coast
of Turkey.

Material and Methods
Collection of samples

Samples of three brown seaweeds (Padina pavonica
(Linnaeus) Thivy, Stypopodium schimperi (Kiitzing)
Verlague & Boudouresque and Dictyota dichotoma
(Hudson) J.V.Lamouroux), and one red seaweed (Jania
rubens) (Linnaeus) J.V. Lamouroux were collected from
three localities along the coast of iskenderun Bay (Fig. 1).
The samples were collected seasonally over one year
(between 2013-2014); in the spring, summer, autumn, and
winter. Samples were taken from depths of up to 3 m.
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Figure 1. The study area and location of seaweed sampling sites in Iskenderun Bay
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Some species were only found in some seasons and
locations. P. pavonica was not found in the winter, S.
schimperi in the autumn and the winter, and D. dichotoma
in the spring. Fresh samples of four selected seaweed
species were washed with local seawater and immediately
transported to the laboratory in an icebox with ambient

seawater. Samples were gently washed with distilled water
to remove epiphytes, salts, epifauna and sand. Samples
were stored at -80 °C until further analysis. The
temperature and salinity were measured with a YSI model
SCT probe during the sampling periods, and the values for
each sampling site are shown in Table 1.

Table 1. Seasonal variations of temperature and salinity during seaweed sampling

Samplin

g sites Spring Summer Autumn Winter

1 27.9 29.2 24.1 15.3
Temperature (°C) 2 31.6 254 17.6
3 27.4 30.9 24.7 16.7
Salinity (%o) 1 35.5 37.2 374 37.2

2 35.5 36.4 38
3 34.8 37.1 36.5 37.3

Proximate composition analysis Chlorophyll-a

Moisture content was determined using the AOAC
method 950.46 (1990), and crude ash content was analyzed
using the AOAC method 938.08 (1998a). Lipid analysis
was carried out according to the method of Bligh and Dyer
(1959). Samples were homogenized with a 1:2 mixture of
chloroform and methanol and left in a dark place overnight
after adding CaCl,. The chloroform layer was removed and
vaporized in an evaporator and finally in an oven at 60-C
for one hour. Total crude protein was determined using the
AOAC method 955.04 (1998b). Seaweed samples were
placed in Kjeldahl tubes, two Kjeldahl tablets and 20 mL
H2SO4 were added to the incinerator, and the sample inside
the tubes was burned at 420 °C. After digestion, 75 mL of
water was added to the sample tube. Distillation was
performed for 6 min with 40% NaOH by placing 25 mL of
40% boric acid (H3BOs3) solution. Then, the distillate was
titrated with 0.1 M HCI, and the amount of protein was
found by recording the HCI consumed. The percentage of
protein was determined with a conversion factor of 6.25.

Total phenolic content (TPC)

TPC of seaweed extracts was determined using the
Folin-Ciocalteu method (Gamez-Meza et al., 1999). The
gallic acid was used as the standard, and the total phenol
content was expressed as milligrams of GA equivalents per
gram of extract (mg GAE/g dw).

Total flavonoid content (TFC)

The TFC of seaweeds were determined using the
method described by Chang et al. (2002). The amount of
TFC was determined from a standard calibration curve and
expressed as mg QE/g dw (QE, quercetin equivalents) per
gram of seaweed extract.

Chlorophyll-a was estimated according to the method
described by Arnon (1949) and Thirumaran et al. (2009)
with minor modifications. Ground seaweed (500 mg) was
extracted with 10 ml of 80 % acetone (Merck, 99 %) and
centrifuged at 3000 rpm for 15 min. The absorbance was
measured at 645 and 663 nm. The content of chlorophyll-a
was calculated based on the equation given by Thirumaran
et al. (2009).

Total carotenoid

The total carotenoid level of seaweeds was determined
spectrophotometrically using the same extract for
chlorophyll-a estimation. The total carotenoid content was
calculated from absorbance values at 480 nm using the
equation of Kirk and Allen (1965).

Statistical analysis

The general linear models were used to compare
biochemical compounds (ash, moisture, crude protein and
lipid) among seasons and sampling sites. The models were
separately fitted for each compound and species and then
checked against the violations of normality and
homogeneity using the Levene and Shapiro-Wilk tests on
model residuals. Normality was met with all models.
When heterogeneity was observed, a heteroscedasticity-
corrected coefficient covariance matrix was calculated
using the White Adjustment argument in the “car” package
(Fox and Weisberg, 2011). After linear models were fitted,
multiple comparisons were made using general linear
hypothesis tests with Tukey’s adjustment using the
“multcomp” package (Hothorn et al., 2008). In case of a
violation of the homogeneity of the variance, the
heteroskedasticity-consistent ~ covariance matrix was
estimated using the “sandwich” package (Zeileis, 2004).
All statistical analyses used the R 3.4.4 statistical language
(R Core Team, 2018).
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Results and Discussion

The results of the four seaweed species' moisture, crude
ash, lipid, total crude protein, total phenolic, flavonoid and
pigment contents are shown in Tables 2-5. Ash content in
seaweeds was generally higher than those in most land
plants (Rupérez, 2002; Radha, 2018). The highest ash
content was in J. rubens (77.7 %) collected from Site (St)
2 in the spring, whereas the lowest ash content was found
in D. dichotoma (3.12 %) collected from St. 2 in the winter
(Tables 2, 5). The high ash level of J. rubens shows that
this species is rich in minerals. A similar high ash value
was found in Corallina officinalis (77.8 %) by Marsham et

al. (2007). The ash contents of all seaweed species showed
significant differences between seasons and sampling sites
(p<0.01, p<0.05), respectively. Marsham et al. (2007)
reported that high ash indicates of a reasonable amount of
mineral content. The maximum moisture was found in D.
dichotoma (80.74 %) collected from St.1 in the winter and
minimum content in J. rubens (3.15 %) collected from St.2
in the spring. The moisture content differed significantly
(p<0.01, p<0.05) between seasons and sampling sites in all
seaweed species. The moisture and ash composition of
seaweeds differs depending on the species, geographical
location and seasons.

Table 2. The proximate composition, total phenolics, flavonoids and pigments of D. dichotoma

D. dichotoma Sa;?tp;!ng Summer Autumn Winter
Ach (9 1 3.32 + 0.29R n.a 3.12 + 0.894a
S
(%) 2 na. 5.07+0.10% 3.12+0.19%
3 498+0.16%%  598+0.788> 549+ (.8982
Moisture (%) 1 75.67 + 1.090¢ n.a 80.74 + 3.67¢
2 n.a. 72.87+1.68% 79.87 +1.10°
3 69.42+0.35% 7025+ 1.11% 67.81+4.162
Lipid (%) 1 3.74+0.01° n.a 0.90 + 0.40?
2 n.a. 3.19+0.32° 1.02 £0.328
3 513+0.17¢ 3.72+£0.08° 2.72+031%®
Crud o 1 442 +0.29 n.a 5.16+0.38
rude protein (%) 2 na. 5564167  4.66+0.89
3 6.15+0.47 6.15+3.33 4.92+127
1 65.85+3.95 n.a 47.06 +£2.82
Phenolic content
(Mg GAE/g dw) 2 n.a. 50.58 £3.03 4648 +£3.11
3 52.70 +3.16 51.20+3.07 46.28+2.77
ol " 1 9.23 £0.55 n.a 9.47+0.61
avonol 2 na. 9.16+055  9.44+056
(mg QE/g dw)
3 9.16 £ 0.54 9.05 + 0.54 9.63 +0.57
1 1.43 n.a 3.51
Chlorophyll-a 2 na. 450 369
(mg/g)
3 2.98 453 4.09
Total C " 1 1.05 n.a 2.04
otal Carotenol 2 na 246 223
(mg/g)
3 2.24 2.83 2.53

The values are expressed as means + standard deviation, n = 3, n.a.: sample was not found, *Different superscript letters in the same
variable indicate significant differences, **Lower case letters indicate significant differences between seasons, and caps indicate the
differences between sampling sites when only two main effects are significant at 0.05 significance level.

The lipid contents of the seaweeds varied between 0.25
- 6.35%. The highest lipid content was found in S.
schimperi collected from St.3 in the summer, while the
lowest content (0.25%) was in J. rubens collected from
St.3 in the autumn (Tables 4, 5). The differences in the

lipid contents of all seaweed species were statistically
significant (p<0.05) among seasons. However, the
difference between sampling sites was only significant in
D. dichotoma and S. schimperi. Similarly, Polat and
Ozogul (2013) found the highest lipid in S. schimperi in
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the summer, ranging between 2.03% - 2.16%. In another
study, Polat and Ozogul (2009) reported the lowest total
lipid content for J. rubens, as 0.12%. Parthiban et al.
(2013) reported that the lipid contents of some seaweeds
collected from Tuticorin varied from 3.15 to 5.30%. The

results of this study were consistent with those of Nelson
et al., (2002) and Kostetsky et al. (2004) and showed that
the lipid concentration of seaweeds may vary according to
species, seasons and sampling sites.

Table 3. The proximate compositon, total phenolics, flavonoids and pigments of P. pavonica

P. pavonica Sa;?tr()elsfng Spring Summer Autumn
1 22.68 & 1bd* 25.14 +0.2¢ n.a.
Ash (%
sh (%) 2 1817023 241140609  2220%
1.99
3 19.97 £0.712>  32.00+2.42¢ 25.75+0.78¢
Moisture (%) 1 32.74+0.82% 56.41+031°¢ n.a.
2 53.67+0.28%¢ 5524+ 133% 5830+2.77¢
3 53.63+0.28%  43.14+4.04> 5210+ 1.25¢
Lipid (%) 1 0.34 +0.052 2.16 £ 0.06° n.a.
2 0.83 +0.15%¢  1.80+£0.47%cd 120+ 0.00
3 1.36+£0.14"  1.76+0.202¢  1.27+0.01¢
crud . 1 3.35+0.15%  4.03+0.11° n.a.
rude protein (%) 2 3464014 530+£021° 531 +0.60°
3 3.39 +£0.582 453+0.07° 5.69+1.28°
1 34.61 £2.07 51.86+£2.01 n.a.
Phenolic content
(Mg GAE/g dw) 2 n.a. 53.21+£3.19 49.44+296
3 4250+2.55 51.49+3.02 61.41+3.68
o y 1 10.07+0.78  10.10+0.31 n.a..
avonol 2 na. 10494062 10.00+0.97
(mg QE/g dw)
3 1047+0.62  10.09+£0.60 10.00+ 0.54
1 1.40 1.45 n.a.
Chlorophyll-a 2 075 0.01 1.34
(mg/9)
3 1.11 1.12 1.62
Total Carotenoid 1 0.92 0.91 n.a.
otal “arotenol 2 0.47 0.34 0.76
(mg/9)
3 0.79 0.94 0.96

The values are expressed as means =+ standard deviation, n = 3, n.a.: sample was not found. *Different superscript letters in the same
variable indicate significant differences, **Lower case letters indicate significant differences between seasons, and caps indicate the
differences between sampling sites when only two main effects are significant at 0.05 significance level.

Crude protein ranged from 2.94 to 6.15%. The
maximum crude protein was found in the brown seaweed
D. dichotoma collected from St.3, during the summer and
autumn (6.15%), followed by S. schimperi (6.05%) from
St.1 in the spring. The minimum crude protein (2.94%)
was in the S. schimperi collected from St.3 in the spring.
The differences in crude protein were significant (p<0.05)
among seasons in all species except D. dichotoma.
However, the difference was not significant between the
sampling sites in all species except S. schimperi. Similar
results were reported by Tabarsa et al. (2012), who found

relatively high crude protein in the brown seaweed D.
dichotoma from the coastal area of Kuvehei (lran). Polat
and Ozogul (2013) found lower crude protein values
ranging from 2.37 % to 2.68 % in S. schimperi than those
reported in the present study. Higher crude protein levels
(9.47 and 14.7%) were also reported by Parthiban et al.
(2013) for some seaweed species collected from the
Tuticorin and Mandapam coasts (India). The protein
contents of the other species, J. rubens and P. pavonica, in
the present study were higher than those previously found
by Polat and Ozogul (2013). Factors such as the
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physiological status of seaweed species and life cycle may
have contributed to these results. In addition to species-
specific differences, water quality, the season and the

geographic area could influence the lipid and crude protein
content of seaweeds (Fleurence, 1999; Haroon, 2000;
Ratana-arporn and Chirapart, 2006).

Table 4. The proximate composition, total phenolics, flavonoids and pigments of S. schimperi

Sampling

S. schimperi . Sprin Summer
P sites P g
Ach (% 1 5.42+0.53%  3.96+0.062
sh (%) 2 n.a. 6.09 + 0.24¢
3 5.71 + 0.25% 5.18 +£0.10°
Moisture (%) 1 63.72 % 74.95 0,156
3.09
2 n.a. 66.26 +£0.9280
69.49 +
3 61.21 +0.7742 0,202
Lipid (%) 1 328 +0.20%  4.73+0,147
2 n.a. 3.04 + 1.82Bb
3 5.18+0.08%@  6.35+0.19°
Crud o 1 6.05+0.23"  3.60+ 0.06%
rude protein (%) 2 n.a. 3.96 + 0.20°
3 2.94 +(.228 3.44 £ 0.042
1 92.85+5.57 102.84 £5.23
Phenolic content
(mg GAE/g dw) 2 n.a. 106.05 £ 6.36
3 5290+3.17 100.61 +6.03
o " 1 10.41 +0.62 10.62 +0.51
avonol
2 n.a. 10.50+0.72
(mg QE/g dw)
3 10.55+0.63 10.61 £ 0.66
1 3.68 2.49
Chlorophyll-a 2 na 159
(mg/9)
3 3.04 1.18
Total C g 1 2.61 2.73
otal Carotenoi 2 na. 211
(mg/9)
3 2.33 1.95

The values are expressed as means + standard deviation, n = 3, n.a.: sample was not found, *Different superscript letters in the same
variable indicate significant differences, **Lower case letters indicate significant differences between seasons, and caps indicate the
differences between sampling sites when only two main effects are significant at 0.05 significance level.

TPC of the seaweed species varied from 34.6 to 106.05
mg GAE/g dw. S. schimperi collected from St.2 in the
summer showed the highest TPC, followed by J. rubens
collected from St.1 in the autumn. The lowest TPC was
found in P. pavonica collected from St.1 in the spring
(Table 3). Kumar et al. (2011) reported phenolic contents
in three green algae species Caulerpa veravelensis,
Caulerpa racemosa and Caulerpa scalpelliformis as 32.57,
61.69 and 36.00 mg/g dw, respectively. Connan et al.

(2007) reported that total phenolic contents in seaweeds
may vary according to the difference between day and
night temperatures and light intensity during the day. In
the present study, the concentration of total phenolics in S.
schimperi for the summer period (100.61-106.05 mg/g dw)
was higher than all seaweed species sampled and those
recorded in previous studies. S. schimperi seems to be a
good antioxidant source for human health.
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Table 5. The proximate compositon, total phenolics, flavonoids and pigments of J. rubens.

Samplin . .
J. rubens sitis g Spring Summer Autumn Winter
1 n.a. n.a. 59.24 + 0.64~ n.a.
Ash (%) q bA
2 77.73 £0.20 72.62 +1.48° 58.56+0.43 51.26 £2.852
3 n.a. n.a. 70.35 £ 4.22B n.a.
Moisture (%) 1 n.a. n.a. 26.84 £ 0.928 n.a.
2 3.15+0.432 8.68 +1.56° 27.38 £ (.25 3.69 £ 1.24%
3 n.a. n.a. 6.31 +4.22A n.a.
Lipid (%) 1 n.a. n.a. 0.39 £ 0.08% n.a.
2 0.42 +0.39%  0.78 +0.10° 0.61 £ 0.252 0.26+0.0128
3 n.a. n.a. 0.25 + 0.00% n.a.
Crud tein (% 1 n.a. n.a. 3.70 £0.042 n.a.
rude protein
P (%) 2 4.64+0.14>  4.69+0.45% 3.74 + 0.062 3.36+0.21°
3 n.a. n.a. 3.77 £0.202 n.a.
1 n.a. n.a. 70.35+4.22 n.a.
Phenolic content
(mg GAE/g dw) 2 41.14 +2.46 52.65+3.17 51.49 +£3.08 40.67 +2.44
3 n.a. n.a. 68.03 +5.03 n.a.
Fl i 1 n.a. n.a. 1.72+0.10 n.a.
avonol 2 180£0.10  1.80+0.10 1754010  139%008
(mg QE/g dw)
3 n.a. n.a. 1.74 £ 0.07 n.a.
1 n.a. n.a. 0.66 n.a.
Chlorophyll-a
2 0.47 0.46 0.55 2.24
(mg/g)
3 n.a. n.a. 0.37 n.a.
Total C id 1 n.a. n.a. 0.19 n.a.
otal Carotenol 2 0.17 0.15 0.16 1.06
(mg/g)
3 n.a. n.a. 0.14 n.a.

The values are expressed as means =+ standard deviation, n = 3, n.a.: sample was not found, *Different superscript letters in the same
variable indicate significant differences, **Lower case letters indicate significant differences between seasons, and caps indicate the
differences between sampling sites when only two main effects are significant at 0.05 significance level.

The flavonoid contents of seaweed species ranged from
1.39 to 10.62 mg QE/g dw. The maximum flavonoid
content was found in S. schimperi collected from St.1 in
the summer, followed by P. pavonica, collected from St.2
in the summer (Table 3, 4). The minimum flavonoid
content was recorded in J. rubens collected from St.2 in
the winter (Table 5). Sahayaraj et al. (2014) reported a
similar flavonoid content for P. pavonica (11.53 mg/g dw).
Similar to results obtained for S. schimperi and P.
pavonica in the present study, Marinho et al. (2019)
reported that the total flavonoid content of brown seaweed,
Saccharina latissima reached a maximum level in the
summer. However, the highest flavonoid value (4.83 mg
RE g* dm) reported by Marinho et al. (2019) for S.
latissima was lower than those found for seaweed species
except J. rubens in this study. The primary photosynthetic
pigment, chlorophyll-a content, varied between 0.37 and
4.53 mg/g, with the lowest in J. rubens and the highest in

D. dichotoma (Tables 2, 5). Both seaweeds were collected
from St.3 in the autumn. This result shows that the
contents of chlorophyll-a may show species-specific
differences.  Palanivelu et al. (2012) reported
comparatively lower chlorophyll-a content in J. rubens
(0.07 mg/g ww). Chakraborty and Bhattacharya (2012)
found chlorophyll-a content of D. dichotoma as 1.38 mg/g
from the Gulf of Kutch (India). These results are consistent
with the results of the present study. The total carotenoid
contents of seaweed species ranged from 0.14 to 2.83
mg/g. The highest carotenoid level was found in D.
dichotoma collected from St.3 in autumn, while the lowest
value was recorded for J. rubens collected from the same
site in the autumn (Tables 2, 5). Similar to the results of
the present study, Sukalyan and Santra (2008) found the
highest carotene level in Dictyota ceylanica Kiitzing.
Moreover, Etemadian et al. (2017) stated that there was
more carotene in brown algae, as was found in this study.
The carotenoid levels of seaweed species found in the
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present study were relatively higher than those reported by
Chinnadurai et al. (2013) for six seaweed species (0.26 -
0.63 mg/g). However, the carotenoid contents of the
seaweed species in the present study were lower than those
of eight different seaweeds whose carotenoid levels were
found between 18.85-29.02 mg/g in Sunderban (India)
(Sukalyan and Santra, 2008). Godinez-Ortega et al. (2008)
expressed that chlorophyll-a and carotenoid contents of
seaweeds could vary according to light intensity.
Similarly, Necchi and Zucchi (2001) highlighted that
environmental conditions such as temperature, light
intensity and period of light might affect the pigment
content.

The biochemical analyses showed marked variations
among species. Although comparatively low crude protein,
lipid, flavonoid and pigment levels were observed, the
highest ash levels were found in J. rubens, a heavily
calcified alga. Renaud and Luong-Van (2006) stated that
calcified seaweeds were rich in ash but low in nutrients.
This suggests that red seaweed J. rubens may be a good
source of minerals (Dixit and Reddy, 2017). On the other
hand, brown seaweed S. schimperi contained the highest
amount of TPC and TFC, which may have potential
important roles in promoting human health due to their
antioxidant, anti-aging and anti-carcinogenic properties.
Moreover, seaweed carotenoids are strong antioxidants
that prevent cardiovascular and neurodegenerative diseases
and cancer (Boominathan and Mahesh, 2015). In this
study, D. dichotoma showed the highest chlorophyll-a and
carotene content, while red seaweed J. rubens had the
lowest pigment levels.

Conclusion

Apart from their direct consumption, the substances
extracted from seaweeds can be used in many applications,
such as antioxidant and antibacterial agents in the food
industry and for human health. The biochemical
composition of the sampled seaweeds has the potential as
antioxidant and mineral sources for functional uses, but
differences were observed depending on the species,
geographical location and season. Among the investigated
species, S. schimperi and J. rubens seem to be the best
source of phenolic and minerals, respectively. More
studies are needed to evaluate the nutritional value and
functional properties of these seaweeds as food
supplements and for other industrial uses.
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Abstract: In this study, the in vitro antimicrobial effects of citrus flower, clove and orange peel
essential oils and ethanolic extracts on different bacteria isolated from lakerda samples were
investigated. It was determined that essential oils were more effective than ethanolic extracts. Citrus
flower and clove essential oils showed strong effects on Pseudomonas fluorescens, Staphylococcus
pasteuri, Staphylococcus equorum, Carnobacterium mobile, Carnobacterium maltaromaticum,
Vibrio hibernica and Vibrio rumoiensis. Essential oils showed the highest inhibitory effect on C.
mobile. It was found that the essential oil of citrus flower and clove were effective on C. mobile at
concentrations 0.00977% and 0.00488%, respectively. It was determined that citrus essential oil
provided a stronger inhibition on Staphylococcus pasteuri at a concentration of 0.3125%. The clove
essential oil at a concentration of 1.25% had the least effect on S. pasteuri. In this study, it was
determined that the essential oils of citrus flowers and clove had strong inhibitory effects on the
tested bacteria. In conclusion, our findings supports that addition of citrus flowers and clove
essential oils to lakerda had positive effects with respect to food safety.

Farkh Bitki Ekstrakt ve Esansiyel Yaglarin Lakerda Orneklerinden izole
Edilen Bakteriler Uzerine Antibakteriyel Etkilerinin Arastiriimasi

Antibakteriyel

Lakerda Oz: Bu calismada turung ¢icegi, karanfil tanesi ve portakal kabugu yaglari ve etanolik

Karanfil ekstraktlarinin; lakerda Orneklerinden izole edilen bakteriler tizerinde in vitro kosullarda

Turung gigegi antibakteriyel etkileri arastirilmistir. Sonuglara gore; esansiyel yaglarin etanolik ekstraktlara gore

Portakal kabugu daha etkili oldugu belirlenmistir. Turung ¢icegi ve karanfil tanesi esansiyel yaglari; Pseudomonas

GC/MS fluorescens, Staphylococcus pasteuri, Staphylococcus equorum, Carnobacterium mobile,
Carnobacterium maltaromaticum, Vibrio hibernica ve Vibrio rumoiensis bakterileri iizerinde giiglii
etki gostermistir. Esansiyel yaglar en yiiksek inhibisyon etkisini, C. mobile iizerinde gostermistir.
Bu tiir iizerinde turung ¢igegi %0,00977 ve karanfil tanesi %0,00488 konsantrasyon ile esansiyel
yaglarmm etkili oldugu bulunmustur. Turung ¢igegi esansiyel yagmn Staphylococcus pasteuri
tizerinde %0,3125 konsantrasyon ile daha gii¢lii bir inhibisyon saglanmistir. En az etki %1,25
konsantrasyon ile karanfil esans yaginda S. pasteuri bakterisine kars1 tespit edilmistir. Bu ¢alismada
turung ¢icegi ve karanfil tanesi esansiyel yaglarinin, test edilen bakteriler tizerinde giiclii inhibisyon
etkisi oldugu belirlenmistir. Sonug olarak, bulgular gida giivenligini saglamak i¢in lakerdalarda;
turung ¢igegi ve karanfil tanesi esansiyel yaglarinin kullanilabilirligini desteklemektedir.

Giris

Lakerda, Ispanyolca bir kelime olup, sevilen anlamina Ispanya,  Italya,  Yunanistan’da  bilinmekte  ve
gelen “la kerrida” kelimesinden tiiremistir. Lakerda 14. tikketilmektedir (Turan vd., 2009; Ormanci, 2013).

yiizy1l ortalarinda ilk kez Ispanya’da Yahudi balik¢ilar
tarafindan iiretilmistir. Glinimiizde ise “Lakerda” adiyla
bilinen, siklikla torik ya da palamut baliklarina tuzlama
teknolojisinin uygulandigi geleneksel bir iiriindiir (Erkan
vd., 2009). Tirkiye’de Karadeniz, Marmara ve Ege
Bolgelerinde bu baliklarin bol oldugu donemlerde siklikla
yapilmakta ve tiiketilmektedir. Tirkiye disinda en ¢ok

*Corresponding author: nberik@yahoo.com

Lakerda, %15 oraninda tuz igerigi ve 5-6 arasinda pH
orani ile karakterize olmus ve 1sil islem uygulanmadan
tiketilen bir riindiir. Lakerda {retimi baliklarin
bozulmasim1 Onleyerek raf Omriinii arttirmak icin
yapilirken, giiniimiizde farkl bir lezzet olusturma amaci 6n
plana ge¢mistir (Aksu vd., 2013). Lakerda {iretiminde
mevcut  mikroorganizma  yiikiini  biiyilkk  Olglide
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engelleyecek teknolojik uygulamalar (1s1l islem veya
basing uygulamast gibi) kullanilmamaktadir. Gida
giivenligi i¢in iriinde bulunan, mikroorganizma kaynakli
risklerinin dnlenmesi gerekmektedir. insan saghgmi tehdit
edebilecek, mikroorganizma risklerinin Onlenmesinde;
dogal bitki 6zlerinden de yararlanilmaktadir (Solérzano-
Santos ve Miranda-Novalesvd, 2012; Chouhan vd., 2017;
Varli vd., 2020).

Bitkilerin yaprak, meyve, kabuk, kok kisimlarindan
elde edilen esans yag ve ekstraktlar; igerdikleri kimyasal
bilesenlerin farkli etkileriyle, giinlilk yasamda genis bir
alanda karsimiza ¢ikmaktadir. Esansiyel yaglar kimyasal
bilesimleri, aromatik 6zellikleri, farmokolojik ve terapotik
etkileri sayesinde (Sengezer ve Giingdr, 2008); gidalarin
raf Omiirlerini uzatmak, aromasint arttirmak, gidalardaki
mikroorganizma risklerini engellemek, bazi hastalik ve
yaralar1 tedavi etmek i¢in kullanilmaktadir. Parfiim,
kozmetik ve temizlik {irlinlerinde ise esans maddesi olarak
yer almaktadir (Ali ve Blunden, 2003; Lahlou, 2004; Tipu
vd., 2006). Tiiketicilerin sentetik gida katki maddelerinin
giivenirligine karst artan endiseleri dikkate alinarak;
bitkisel esansiyel yaglarin antimikrobiyal o6zellikleri ile
ilgili pek cok calisma gerceklestirilmistir (Seow vd.,
2013). Bu bitkisel kaynaklar arasindan, turuncgiller ve
karanfil antimikrobiyal oOzellikleri ile ©ne ¢ikmaktadir
(Radiinz vd., 2019; Ceccato-Antonini vd., 2023).

Turunggillerin bir tiiri olan aci portakal (Citrus
aurantium), Rutaceae familyasina ait bir bitki tiridir
(Paul ve Cox 1995). Aci portakal meyvesinin hem
kabugundan hem de ¢igeginden esansiyel yag elde etmek
miimkiindiir. Ozellikle ciceginden elde edilen esansiyel
yag neroli yagi olarak bilinmektedir (Kang vd., 2016).
Citrus aurantium ‘'un meyvesi, kabugu, yapraklar
cigeklerinden elde edilen esansiyel yagin; antimikrobiyal,
antioksidan, antidiyetik ve diger farmakolojik etkileri
bulunmaktadir (Suntar vd., 2018). Yagm icerdigi
molekiiller ile gida, ilag, kozmetik sektorlerinde siklikla
kullanilmaktadir (Mannucci vd., 2018).

Karanfil, Mrytaceae (Mersingiller) familyasinin bir
tiyesi olup, dort mevsim yesil kalabilen ve boyu 20 metre
uzunluga erigebilen Syzygium aromaticum agacindan elde
edilen bir ¢esit cicek tomurcugudur. Yaklasik %14-20
arasinda esansiyel yag igeren karanfilin bileseni “eugenol”
olarak bilinmektedir (Kennouche vd., 2015). Kullanimi
yaklastk M.O. 3. yiizyilda baslamis olup; kokusu ve
antiseptik 6zelligi i¢in oldugu bilinmektedir. Diinya
mutfaklarinda karanfil, gidalarda aroma verici olarak
kullanilmaktadir. Yiiksek antimikrobiyal etkisi ile gida
driinlerinin yaninda ilag ve kozmetik sektorlerinde de
kullanilmaktadir (Cai ve Wu, 1996; Chaieb vd., 2007,
Kamatou vd., 2012).

Portakal (Citrus sinensis) bitkisi Rutaceae familyasina
ait odunsu bir bitki olup, Diinya’da en c¢ok tiiketilen
turunggil tiirtidiir. Bitkinin meyve, meyve kabugu, ¢icek ve
yapraklarindan ¢esitli esansiyel yaglar elde edilirken;
meyve kabugundan elde edilen yagin igeriginde limonen
oramt  yiksektir (Gavahian vd., 2019). Portakal
kabuklarindan elde edilen esans yagin antimikrobiyal ve

antioksidan etkileri sayesinde; pek c¢ok farkli alanda
kullanimi mevcuttur (Ceccato-Antonini vd., 2023).

Bu c¢alismada antibakteriyel etkileriyle dogal,
ekonomik, siirdiiriilebilir kaynaklar olan turung cicegi,
karanfil ve portakal kabugu esansiyel yaglarinin ve
etanolik ekstraktlarimin lakerda orneklerinden izole edilen
bakteriler {izerine antibakteriyel etkileri arastirilmistir.

Materyal ve Yontem
Materyal

Bu c¢alismada doktora tezi kapsaminda, lakerda
iirlinlerinden izole edilen bakteri izolatlar1 kullanilmistir.
Tiirlerin gen bankasi kayitlariyla benzerlik oranlari
karsilagtirilmis ve yiiksek benzerlik oranina sahip tiirler ile
calisilmustir.

Coklu antibiyotik direncine sahip bakteri izolatlarinin;
bazi bitkisel esans yaglarla inhibisyon potansiyellerinin
belirlenmesi amaciyla, esansiyel yag ve etanolik
ekstraktlar  laboratuvar ortaminda elde edilmistir.
Calismada kullanilan portakal (Citrus sinensis) kabuklari,
karanfil (Syzygium aromaticum) taneleri, turung (Citrus
aurantium) ¢igegi Canakkale’deki yerel satig noktalarindan
temin edilmistir.

Yontem
Bitki esans yaglari ve ekstraktlarinin hazirlanmast

Portakal kabuklari, ylizey alanimi arttirmak amaciyla
kiiglik pargalara ayrilmigtir. Turung ¢igekleri ve karanfil
taneleri ise bitin halde kullanilmistir. Elde edilen
orneklerden esansiyel yaglar su, ekstraktlar ise alkol
kullanilarak elde edilmistir. Esansiyel yaglarin eldesinde,
su distilasyonu yontemi ile Clevenger aparati kullanilmistir
(Clevenger, 1928). Etanolik ekstraksiyon iglemi Soxhlet
ekstraktorii kullanilarak yapilmigtir. Bu amagla; portakal
kabuklari, karanfil taneleri ve turung ¢igeklerinden 20’ser
gram tartilarak her biri 350 mL etil alkol igerisinde
ekstrakte edilmistir  (Soxhlet, 1879). Ekstraksiyon
isleminden sonra ¢ozelti i¢indeki alkol rotary evaparator
ile ortamdan uzaklastirilarak, ekstraktlar
yogunlagtirilmistir. Bitki ekstraktlar1 ve esansiyel yaglar
antibakteriyel testler yapilincaya kadar buzdolabinda
+4°C’de agz1 kapali, koyu renkli steril siselerde muhafaza
edilmistir.

Kimyasal bilesenlerin belirlenmesi

Bitki eksraktlar1 ve esansiyel yaglarin igerdigi kimyasal
bilesenler GC-MS (Shimadzu GCMS QP 2010 ULTRA)
kullanilarak gergeklestirilmistir. Bilesenlerin ayrilmasi,
diisiik polarite fazi difenil dimetil polisiloksan ve tasiyici
gaz helyum igeren bir Rxi-5 ms kilcal kolon (30m; 0,25
mm; 0,25 pm) (Restek Corporation, Bellefonte, PA)
kullanilarak gerceklestirilmistir. Firin sicaklig1 baslangicta
40°C’ye  ayarlanmistir. Bu  sicaklikta 3  dakika
bekletildikten sonra dakikada 4°C arttirilarak, 240°C'ye
kadar ¢ikarilmigtir. Enjeksiyon, 250°C'de 1 wuL'lik
enjeksiyon hacmi ile bolinmis modda (aywrici 1:5)
yapilmistir. Kiitle spektrumu (70 eV) m/z 40-450 amu
tarama araliginda, kolonda akis hizi 0,89 mL/dk, basing
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100 kPa ve toplam akis hizi: 8,4 mL/dk olarak
ayarlanmustir. Analiz toplam 53 dakikada
gergeklestirilmigtir. Test edilen esansiyel yaglarin ve
ekstraktlarin kromatogramlar, Wiley WONI11 marka

spektrum  kiitiiphanesinde  karsilastirilarak  igerikleri
tanimlanmigtir.

Antibakteriyel duyarlilik testleri

Disk difiizyon testi

Esansiyel yaglarmm  ve  ekstraktlarin  lakerda

iiriinlerinden izole edilen bakteriler iizerine antibakteriyel
etkisi disk diflizyon testi ile belirlenmistir (Bauer et al.,
1966). Bu amagla steril kor disklere (Oxoid, CT0998B) 10
pL esansiyel yag ve etil alkol ekstraktlari igin ise 2
mg/disk olacak sgekilde 10 pL ekstrakt emdirilmistir.
Diskler aseptik sartlar altinda kurutulmustur. Bakteri ekimi
yapilan besi yerlerine steril pens yardimiyla hazirlanan
diskler belli agiklikta yerlestirilmistir. Diskler vibrio tiirleri
icin Triptikaz Soya ve diger bakteri tiirleri i¢in ise Miiller
Hinton besi ortamlarina yerlestirilmistir. Bakteri tiiriine
gore (22°C ve 36°C) uygun sicaklikta 24 saat inkiibasyona
birakilmustir. Inkiibasyon sonrasinda zon caplari dlciilerek
>20 mm ise giiclii inhibisyon, <20-12 mm ise orta diizey
inhibisyon ve <12 mm ise etkisiz olarak degerlendirilmistir
(Rota vd., 2008).

Minimum  inhibitor konsantrasyonu (MIK) ve
minimum bakterisidal konsantrasyonu (MBK) testi

Minimum inhibitor konsantrasyonu analizi Clinical and
Laboratory Standards Institute (CLSI, 2018) tarafindan
belirtilen yonteme goére yapilmistir. Bitki ekstraktlarinin
stok soliisyonu (%10) uygun lireme ortami icerisinde
%6 DMSO ve %0,5 tween 80 icerecek sekilde
hazirlanmugtir (Turgis vd., 2012). 50 pl besi ortami 50 pl
stok soliisyonu ile 96 plakalar igerisinde karsilagtirtlarak
iki katli seyreltme yapilmigtir. Sonrasinda kuyucuklara 50
pL bakteri siispansiyonu (10° CFU/mL) ilave edilmistir.
Kuyucuklardaki son ekstrakt konsantrasyonu %2,5’dan
baglayarak  %0,001221°¢  kadar  olacak  sekilde
ayarlanmistir. Kontrol kuyucuklar1 1-100pul bakteri iceren
besi ortami, 2- DMSO, tween 80 ve bitki ekstraktini iceren
100 pl bakterisiz besi ortami ve 3-100 pl bakterisiz besi
ortamindan olusturulmustur. Plakalar uygun {ireme
sicakliginda 24 saat inkiibe edilmistir. MIK degerleri
iremeyi  inhibe eden  konsantrasyona  bakilarak
belirlenmistir. Minimum bakterisidal konsantrasyonunun
belirlenmesi i¢in ise MIK degeri ve &ncesindeki iki
seyreltmeden ekimler kati besiyerlerine yapilarak MBK
degeri belirlenmistir (Schwalbe vd., 2007).

Bulgular ve Tartisma

Bitki ekstrakti ve esansiyel yaglarin kimyasal
bilesimi

Arastirmada kullanilan turung ¢igegi, karanfil ve
portakal kabugu ugucu yaglarinin kimyasal bileseni GC-
MS ile analiz edilerek belirlenmistir. Turung ¢icegi
esansiyel yaginda en fazla bulunan bilesenlerin linalool
(%29,45), linalil asetat (%27,09) ve hotrienil asetat

(%7,78) (Tablo 1) oldugu tespit edilmistir. Ojenol
(%67,06), karyofilen (%22,88), 6jenol asetat (%4,22) ve
D-limonen (%90,48) ise sirastyla karanfil ugucu yaginda
(Tablo 2) ve portakal kabugu esansiyel yaginda (Tablo 3)
temel bilesenler olarak belirlenmistir. Karanfil etanolik
ekstraktinda en fazla bulunan temel bilesenlerin &jenol
(%65,05), palmitik asit (%16,85) ve tetradekanoik asit
(%8,2) oldugu belirlenmistir (Tablo 4). Linalil asetat
(%26.11), L-Linalool (%12.86), palmitik asit (%8.34) ve
7-Tetradesenal, (Z)- (%8.34), turung ¢igegi etanolik
ekstraktindaki temel bilesenler olarak belirlenmistir (Tablo
5). Portakal kabugu etanolik ekstraktinin temel
bilesenlerinin ise ksantozin (%14,4), gliseraldehit
(%11,87) ve dihidroksiaseton (%7,5) oldugu belirlenmistir
(Tablo 6). Bu calismada kullanilan esansiyel yaglarda,
GC-MS ile tespit edilen bilesenlerin literatiirde belirtilen
degerlerle benzer oldugu goriilmiistiir. Diger caligmalarda
turung ¢icegi esansiyel yagt (Dugo vd., 2010; Anwar vd.,
2016), karanfil u¢ucu yag (Goiii vd., 2009), portakal
kabugu esansiyel yagi (Waheed vd., 2020), karanfil
etanolik ekstrakti (Parthasarathy vd., 2008) ve turung
cicegi etanolik ekstrakti (Metoui vd., 2015) i¢in belirtilen
bilesiklerle  bulgularimiz  benzerlik  gdstermektedir.
Portakal kabugu etanolik ekstrakti igeriginde yiiksek
oranda tespit ettigimiz ksantozin ve gliseraldehit (2,3-
Dihidroksipropana) bilesenlerinin; literatiirde portakal
kabugu ekstrakti igerisindeki varliklar ile ilgili ¢caligmaya
rastlanmamistir. Ancak, farkli bitkilerde bu bilesenler
bulunabilmektedir (Ashihara vd., 2017; Zhang vd., 2020).

Antibakteriyel duyarhhk

Bu c¢alismada, turung ¢igegi, karanfil tanesi ve portakal
kabugu ucucu yaglart ve etanolik ekstraktlarin, lakerda
orneklerinden  izole edilen Dbakteriler {izerindeki
antibakteriyel etkileri; disk difiizyon testi ile belirlenmistir
(Tablo 7). Disk diflizyon testi sonuglari incelendiginde;
esansiyel yaglarin, etanolik ekstraktlardan daha etkili
oldugu sonucuna varilmistir. Bakteriler tizerindeki en etkili
esansiyel yaglar turung ¢icegi ve karanfil tanesi olarak
belirlenmistir.  Bu nedenle minimum  bakterisidal
konsantrasyonu testi igin bu iki esansiyel yag
kullanilmuistir.
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Tablo 1. Turung ¢igegi esansiyel yaginin bilesenleri

Alikonma Bilesen Alan
Zaman (dk) %

11,08 beta.-Pinene 0,48
11,77 beta.-Myrcene 0,26
13,2 Limonene 0,65
13,65 2(3H)-Furanone, 5-ethenyldihydro-5-methyl- 0,26
14,97 Linalool oxide cis 4,02
16,12 Linalool 29,45
17.04 (Cl)./;:llgﬁglrj;a.lgfplha.]SIalpﬁﬁ)—]d_lmethyl—3-(1—methyletheny|)-, [IR- 0,23
18,54 6,7-Dioxabicyclo[3.2.1]octane, 1-methyl- 0,34
18,76 Epoxylinalol 0,58
19,06 3-cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)- 0,1

19,57 Terpineol <alpha-> 3,83
20,79 2-Oxabicyclo[2.2.2]octan-6-0l, 1,3,3-trimethyl- 0,18
21 Nerol 0,44
21,19 1-Cyclooctene, 3,7-epoxy-4-acetyloxy- 0,15
22,05 Linalyl acetate 27,09
22,65 3,7-Dimethyl-1,7-octadiene-3,6-diol 0,29
23,15 Isopulegyl acetate 0,32
23,7 Carvacrol 0,17
25 8-acetoxylinalool 3,12
25,1 1,7-octadien-3-0l,2,6-dimethyl- 0,13
25,42 2-Oxabicyclo[2.2.2]octan-6-0l, 1,3,3-trimethyl-, acetate 2,78
25,53 3-Nonanol, 1,2:6,7-diepoxy-3,7-dimethyl-, acetate 2,51
25,68 Ho-trienol 2,24
25,86 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (2)- 1,13
26,23 4-Hydroxymethylene-2,6-dimethyl-oct-7-en-3-one 0,35
26,51 Geranyl acetate 3,64
26,99 3,7-Nonadien-2-ol, 4,8-dimethyl- 0,76
27,42 3,7-Dimethyl-octa-1,7-dien-3,6-diol 0,41
27,51 8-Acetoxylinalool 0,39
21,77 Trans(beta)-caryophyllene 0,1

27,88 s-(+)-5-(1-Hydroxy-1-methylethyl)-2-methyl-2-cyclohexen-1-one 0,22
29,69 Limonene dioxide 1 0,24
29,81 Bisabolol <alpha-> 0,16
29,99 2-Octen-1-ol, 3,7-dimethyl-, isobutyrate, (Z2)- 0,39
30,11 Epoxy-.alpha.-terpenyl acetate 0,14
30,3 Hotrienyl acetate 7,78
30,72 Linalool oxide <trans-> 2,86
30,93 Indan-1,3-diol monopropionate 0,51
32,32 Nerolidol 0,73
32,82 (-)-Spathulenol 0,12
35,35 Octan-2-one, 3,6-dimethyl- 0,12
36,98 Farnesol <cis,cis-> 0,15
51,46 Thiogeraniol 0,11
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Tablo 2. Karanfil tanesi esansiyel yaginin bilesenleri

Alikonma Bilesen Alan
Zamani (dk) %

5,07 1-Octadecanol 0,08
13,89 4-Octanol, 7-methyl-, acetate 0,12
15,8 Heptyl methyl ketone 0,06
16,75 1,5-Heptadiene, 3,3-dimethyl-, (E)- 0,11
18,57 Benzyl acetate 0,06
19,68 Benzoic acid, 2-hydroxy-, methyl ester 0,31
21,98 Chavicol 0,24
25,37 alpha.-Cubebene 0,26
25,8 Eugenol 67,06
26,31 Copaene <alpha-> 0,7

27,82 Caryophyllene 22,88
28,79 cis-muurola-3,5-diene 0,06
28,9 alpha.-Humulene 2,95
29,54 Cadina-1(6),4-diene <10betaH-> 0,17
29,64 alpha.-Amorphene 0,09
30,24 alpha.-selinene 0,06
30,61 Farnesene <(E,E)-, alpha-> 0,15
31,2 Eugenol acetate 4,22
31,41 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- 0,18

Cyclohexane,1,5-diethenyl-2,3-dimethyl-,

32,04 (1)./alpha.,2.alpha.,3.alpha)./,5.alpha.)- ’ 0,05
33,01 Caryophyllene oxide 0,2
Tablo 3. Portakal kabugu esansiyel yaginin bilesenleri
Allkonma Bilesen Alan
Zaman (dk) %
9,43 Alpha pinene 0,54
11 Sabinene 0,17
11,77 Myrcene 2,28
12,23 Caprylaldehyde 0,98
12,45 Carene <delta-3-> 0,13
13,28 D-Limonene 90,48
14,42 gamma.-Terpinene 0,11
16,08 Linalool 1,92
16,26 Pelargonaldehyde 0,12
19,05 (-)-Terpinen-4-ol 0,51
19,57 Terpineol <alpha-> 0,55
20,15 Decanal 0,68
21,02 Citronellol 0,14
21,46 Z-Citral 0,14
22,55 Geranial 0,18
22,65 Perillaldehyde 0,13
30,18 Valencene 0,66
50,41 Nonacosane 0,14
51,22 Pentacosane 0,15
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Tablo 4. Karanfil tanesi etanolik ekstraktinin bilesenleri

Alikonma Bilesen Alan
Zamani (dk) %

5,19 1,1-Diethoxypropanal 2,53
17,82 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 0,34
19,06 Caprylic acid 0,45
24,12 2-Methoxy-4-vinylphenol 0,18
25,64 Eugenol 65,05
25,99 Capric acid 1,05
31,22 Eugenol acetate 1,62
32,29 Lauric acid 2,65
38,05 Tetradecanoic acid 8,2

39,47 2,6,10,15,19,23-Hexamethyl-tetracosa-2,10,14,18,22-pentaene-6,7-diol 0,38
40,76 Pentadecanoic acid 0,37
41,23 4,4,8-Trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-diol 0,33
43,33 Palmitic acid 16,85

Tablo 5. Turung ¢igegi etanolik ekstraktinin bilesenleri

Alikonma Bilesen Alan
Zaman (dk) %

5,73 Glyceraldehyde 0,96
6,06 Formamide, N-methoxy- 0,29
7,58 Propanoic acid, 2-methyl-, methyl ester 0,48
7,89 Dihydroxyacetone 1,21
11,75 2-Hydroxy-gamma-butyrolactone 0,23
11,88 Propanoic acid 0,58
13,36 2 Ethyl hexanol 7,16
13,83 Benzeneacetaldehyde 0,22
141 1,3,6-Octatriene, 3,7-dimethyl-, (E)- 0,3

15,33 1,3,5-Triazine-2,4,6-triamine 0,84
16,14 L-Linalool 12,86
16,61 Phenethyl alcohol 0,42
17,58 Benzyl nitrile 0,62
17,73 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 1,68
19,98 Dodecane 0,36
21,5 1,2,3-Propanetriol, 1-acetate 2,79
21,84 Acetate, 2-hydroxy-2-(3-chloro-4,5-dihydro-5-isoxazolyl)-, ethyl ester 0,92
21,93 2-Phenylethanamidine 0,4

22,07 Linalyl acetate 26,11
22,68 2,6-Dimethyl-1,7-octadiene-3,6-diol 0,34
23,37 Indole 0,64
24,1 Guaiacol <4-vinyl-> 0,28
24,95 3-Methyl-hepta-1,6-dien-3-ol 0,57
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Tablo 5’in devam

25,05 Methylanthranilate 0,46
25,12 9-Hydroxy-linalool 2,66
25,95 Decanoic acid 0,74
27,07 Tetradecane 0,88
27,8 Trans(.beta.)-caryophyllene 0,33
28,97 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, [S-(2)]- 0,25
30,2 Pentylallyl butyrate 1,65
32,28 Dodecanoic acid 0,3
32,35 Nerolidol 1,34
33,41 Hexadecane 0,62
33,72 Quinic acid 1,7
37,01 Farnesol <cis,cis-> 0,42
38,04 Tetradecanoic acid 1,4
39,12 Hexadecane 0,31
40,39 Caffeine 0,8
41,89 Xycaine 0,38
42,45 2-Propanamine, 1-(2,6-dimethylphenoxy)- 0,48
43,36 Palmitic acid 8,34
44,17 Hexadecanoic acid, ethyl ester 0,47
45,8 7H-Furo[3,2-g][1]benzopyran-7-one, 4-methoxy- 0,29
47,52 9,12-Octadecadienoic acid (Z,2)- 3,73
47,66 7-Tetradecenal, (2)- 8,34
48,18 Octadecanoic acid 2,54
48,33 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,2)- 0,36
51,25 Pentacosane 0,27
52,6 9-Octadecenamide 0,68
Tablo 6. Portakal kabugu etanolik ekstraktinin bilesenleri
Alikonma Bilesen Alan
Zaman (dk) %
5,16 Pyrrolidine-.alpha.,.alpha.,.alpha.',.alpha.’-d4 0,45
5,65 Glyceraldehyde 11,87
6,05 Formamide, N-methoxy- 1,7
7,58 Propanoic acid, 2-methyl-, methyl ester 2,02
7,93 Dihydroxyacetone 7,5
9,19 2-Hydroxy-2-cyclopenten-1-one 0,39
11,76 3-lsopropoxypropylamine 0,56
13,25 Limonene 2,18
14,05 Pentanoic acid, 4-oxo- 0,23
15,28 Maltyl isobutyrate 0,77
16,13 Linalool 0,43
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Tablo 6’nin devami

17,73 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 2,21
18,01 1,2-Dioxetane, 3,4,4-trimethyl-3-[[(trimethylsilyl)oxy]methyl]- 2,73
18,11 1,2,3-Propanetriol 0,74
18,15 2,5-Dihydroxy-1,4-dioxane 2,36
18,32 dI-Glyceraldehyde dimer 0,85
19,58 Ethanol, 2-(2-butoxyethoxy)- 6,16
21,5 1,2,3-Propanetriol, monoacetate 4,83
24,11 Guaiacol <4-vinyl-> 0,35
25,95 Decanoic acid 0,25
28,3 Cytidine 2,54
28,47 Xanthosine 14,4
30,21 Valencene 0,52
32,27 Lauric acid 0,34
32,41 Acetophenone <3',4'-dimethoxy-> 0,67
33,24 3-Deoxy-d-mannoic lactone 5,78
33,64 Quinic acid 0,96
34,07 beta.-D-Glucopyranoside, methyl 3,05
34,26 Megastigmatrienone 4 0,5
34,79 beta.-D-Glucopyranose, 4-O-.beta.-D-galactopyranosyl 0,57
36,14 N-Ethyl-4-propyl-4-nonanamine 0,36
38,03 Tetradecanoic acid 1,43
38,55 1,3-Propanediol, 2-butyl-2-ethyl- 0,72
419 Xycaine 0,7
43,32 Palmitic acid 4.4
47,87 9,12-Octadecadienoic acid (Z,2)- 1,03
47,62 7-Tetradecenal, (2)- 2,92
48,16 Octadecanoic acid 1,03
48,35 Ethyl linoleolate 0,25
48,57 Hexadecanamide 0,41
50,44 Nonacosane 0,66
51,25 Eicosane 0,24
52,61 9-Octadecenamide 2,13

Minimum inhibisyon konsantrasyonu (MiK) ve
minimum bakterisidal konsantrasyonu (MBK) testi
sonuglar1 Tablo 8’de gosterilmistir. Turung cicegi ve
karanfil tanesi esansiyel yaglarmin test edilen bakteriler
iizerinde genel olarak inhibe edici etkisi oldugu
bulunmusgtur. Minimum inhibisyon konsantrasyonu
bulgularina gore; turung ¢icegi ve karanfil tanesi esansiyel
yaglarinin test edilen bakteriler tizerinde %0,00488-%1,25
konsantrasyonlarinda etkili oldugu tespit edilmistir.
Minimum bakterisidal konsantrasyon bulgularina gére; bu
iki ugucu yagin aymi bakteriler {izerinde %0,01953-%2,5
konsantrasyonlarinda etkili oldugu tespit edilmistir.
Esansiyel yaglar en yiiksek inhibisyon etkisini

Carnobacterium mobile iizerinde gostermistir. Bu tiir
tizerinde turung ¢igegi esansiyel yag1 %0,00977 ve karanfil
tanesi esansiyel yag1 %0,00488 konsantrasyonlarinda etkili
bulunmustur.  Turung  ¢icegi  esansiyel  yaginin
Staphylococcus pasteuri iizerinde %0,3125 konsantrasyon
ile daha giicli bir inhibisyon saglanmigtir. En az etki
%1,25 konsantrasyon ile karanfil esans yaginda S. pasteuri
bakterisine karsi tespit edilmistir. Bu calismada turung
cicegi ve karanfil tanesi esansiyel yaglari, test edilen
mikroorganizmalar {izerinde en etkili ekstraktlar olarak
belirlenmistir. Turung ¢icegi esansiyel yagimin daha once
Bacillus  subtilis, Staphylococcus aureus, Listeria
monocytogenes, Escherchia coli, Salmonella enterica,
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Pseudomonas aeruginosa ve Klebsiella pneumoniae
bakterileri lizerinde antibakteriyel etkileri arastirilmis ve P.
aeruginosa lizerinde giiclii inhibisyona sahip oldugu
bildirilmistir (Haj Ammar vd., 2012). Turung ¢igeginden
farkli ¢ozgenler (su, metanol ve etil asetat) kullanarak elde
edilen ekstraktlarin B. subtilis, S. aureus, E. coli, L.
monocytogenes ve Salmonella Typhimurium bakterilerini
inhibe etmek icin denemislerdir. Caligma sonucunda
metanolil  ekstraktin en etkili ¢dzgen oldugunu
bildirmislerdir (Degirmenci ve Erkurt, 2020). Aym
arastirmacilar test edilen dort farkli bakteri i¢in MIK ve
MBK degerlerinin 0,39-25 mg/mL araliginda oldugunu
belirtmislerdir. Farkli narenciye (limon, portakal,

mandalina, turung ve greyfurt) tiirlerinden elde edilen
esansiyel yaglarm, Pseudomonas fluorescens ve
Staphylococcus ~ haemolyticus ~ bakterileri  iizerine
antimikrobiyal etkileri arastirlmigtir. Calismada MBK
degerlerinin P. fluorescens i¢in 40-50 uL/mL ve S.
haemolyticus igin ise 40-150 pL/mL oldugu belirlenmistir
(Al-Deen vd., 2021).

Farkli bir calismada gram pozitif ve gram negatif
bakteriler iizerinde turung yagi denenmis olup, MIK
degerlerinin 2,5-0,312 mg/mL araliginda oldugu rapor
edilmistir (Hsouna vd., 2013).

Tablo 7. Bitki ekstraktlarinin lakerdadan izole edilen bakteriler lizerine disk difiizyon test sonuglari (zon: disk boyutu dahil

mm)

~§ S Esansiyel yag Etanolik ekstrakt

é Bakteri % Turung . Portakal Turung .. Portakal
:5 | cicegi Karanfil kabugu cicegi Karanfil kabugu
A Pseudomonas fluorescens 1 12 20 0 0 16 0

B Staphylococcus pasteuri 1 40 24 0 0 12 0

B Staphylococcus haemolyticus 1 18 18 0 0 10 0

A Staphylococcus equorum 1 36 40 16 14 16 0

C Carnobacterium maltaromaticum 1 20 18 0 0 0 0

D Carnobacterium maltaromaticum 1 32 34 0 0 14 0

E Carnobacterium mobile 1 10 12 0 0 0 0

F Vibrio hibernica 1 36 34 16 0 18 0

F Vibrio rumoiensis 1 38 32 14 0 18 0

A, B ve E: Balik¢1 6rnekleri, C, D ve F: Balik market 6rnekleri
Literatiirde  turung  g¢icegi  esansiyel  yaginin

Radiinz vd. (2019) karanfil esansiyel yaginin S. aureus,
E. coli, L. monocytogenes ve Salmonella Typhimurium
icin disk diflizyon test sonuglarini sirasiyla 2,83 cm, 2,81
cm, 2,47 cm ve 2,22 cm olarak bildirmislerdir. Ayni
aragtirmacilar test edilen dort bakteri icin MIK degerini
0,304 mg/mL olarak bulmuslardir. Bu sonuglar, karanfil
tanesi esansiyel yagimin t¢ farkli Staphylococcus tiirii
tizerindeki etkisini inceledigimiz ¢alismamizda 24-40 mm
(2,4-4 cm) cap ve 0,15625-1,25% MIK degerleri ile
benzerlik gostermektedir. Farkli turunggillerden (limon,
portakal, mandalina, turung ve greyfurt) elde edilen
esansiyel yaglarin farkli gram negatif ve gram pozitif
bakteriler {izerine antibakteriyel etkileri arastirilmigtir. Bu
caligmaya gore; MBK degerleri P. fluorescens igin 40-50
pL/mL ve S. haemolyticus i¢in 40-150 uL/mL olarak tespit
edilmistir (Al-Deen vd., 2021). Ancak, ¢alismamizda disk

diftizyon testi sonuglarina gore portakal kabugu bu iki
bakteri tiirii iizerinde etkisiz bulundugundan MiK ve MBK
testlerine devam edilmemistir. Caligmalar arasindaki
farkliliklarin bakteri izolatlarinin mengeindeki
farkliliklardan kaynaklandig1 distiniilmektedir.

Carnobacterium tiirleri {izerindeki antibakteriyel etkisi ile
ilgili bir arastirmaya rastlanilmamustir. Ouattara vd. (1997)
Carnobacterium piscicola bakterisinin inhibisyonu igin
karanfil esansiyel yagmin %]1’lik konsantrasyonunun
yeterli oldugunu bildirmistir. Bu ¢alismada alt1 farkli
Carnobacterium izolatina turung ¢icegi ve Kkaranfil
esansiyel yaglarinin etkisi aragtirilmis olup; elde ettikleri
MIK degerlerinin ¢aliymamizdaki karanfil yagi igin
bulunan MIK degerlerinden, daha yiiksek oldugu
goriilmiistiir. Bagka bir ¢alismada Vibrio harveyi ve Vibrio
ichthyoenteri bakterileri igin MIK degeri %0,125 ve MBK
degeri ise %0,25 olarak rapor edilmistir (Pathirana vd.,
2019). Farkli Vibrio tiirleri ile yapilan bir ¢aligmada alti
adet Vibrio alginolyticus, dokuz adet Vibrio
parahaemolyticus, bir adet Vibrio vulnificus ve bir adet
Vibrio fluvialis susu tizerinde karanfil esansiyel yagimin
etkisi arastirilmis ve MIiK degerlerinin 0,156-0,756 mg/mL
arasinda, MBC degerlerinin ise 0,625-5 mg/mL arasinda
oldugu tespit edilmistir (Snoussi vd., 2008). Bu bulgular;
bakteri tiirtiniin farkli suglarinda dahi, antibakteriyel
etkinin gorildigii konsantrasyonlarda farklilik
olabilecegini gostermektedir.
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Tablo 8. Bitki esansiyel yaglarinin lakerdadan izole edilen bakteriler iizerinde minimum inhibitér konsantrasyonu (MiK)
ve minimum bakterisidal konsantrasyonu (MBK) (%)

3 o MiK MBK
é Bakteri % Turung cicegi Karanfil Turung cicegi Karanfil
:5 .  Esansiyel yagi  Esansiyel yagi  Esansiyel yagi  Esansiyel yag:
A Pseudomonas fluorescens 1 0,3125 0,625 0,625 1,25
B  Staphylococcus pasteuri 1 0,3125 1,25 0,625 2,5
B  Staphylococcus haemolyticus 1 0,07813 0,625 0,15625 1,25
A Staphylococcus equorum 1 0,07813 0,15625 0,3125 0,3125
C  Carnobacterium maltaromaticum 1 0,3125 0,07813 0,625 0,15625
D  Carnobacterium maltaromaticum 1 0,07813 0,07813 0,15625 0,15625
E  Carnobacterium mobile 1 0,00977 0,00488 0,03906 0,01953
F  Vibrio hibernica 1 0,3125 0,07813 0,3125 0,07813
F  Vibrio rumoiensis 1 0,01953 0,07813 0,01953 0,07813
A, B ve E: Balik¢1 6rnekleri, C, D ve F: Balik market 6rnekleri
Sonug Kaynaklar

Bu calismada; turung ¢igegi ve karanfil tanesi esansiyel
yaglarinin, test edilen bakteriler lizerinde gii¢lii inhibisyon
etkisi oldugu belirlenmistir. Sonug olarak elde ettigimiz
bulgular; lakerda {iriinlerinde gida giivenligi agisindan
istenmeyen bazi bakterilere karst dogal koruyucu olarak,
turung ¢icegi ve karanfil tanesi esansiyel yaglarinin
kullanilabilirligini desteklemektedir.
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Abstract: Marine molluscs are economically very important and they are exploited by men for
various purposes since the prehistoric times. Manufacture of ornaments is an age-old industry in the
south and south-east India and molluscs as an ornament or souvenir are still in high demand.
Although there is plenty of literature on the trade and economy of ornamental shells, exploitation of
ornamental molluscs is less studied and limited to regions in the south and south-east India. The
ornamental molluscs is widely traded in pilgrims places like Dwarka, Somnath and all along the
coast of Gujarat, and with the exception of Turbinella pyrum (the chank shell), there is no literature
available on ornamental mollusc taxonomy, utilization and trade in Gujarat. This is the first study
on ornamental molluscs from Gujarat. We have reviewed the available literature on ornamental
molluscs of India and established a comprehensive checklist as there is no checklist available for
ornamental molluscs of India. A total 136 species were recorded as ornamental molluscs in India.
Of these shells, 118 species were listed by reviewing the literature and 33 ornamental molluscs
were added from on-site observations in which 18 species were recorded for the first time from the
study area. A total of 11 species among the 136 species were protected under wildlife protection act
1972. Different use of ornamental species was studied and classified accordingly. With respect to
families, the majority of contributions were from Cypraeidae (7 species) followed by Muricidae (3
species), Turbinellidae (2 species), Strombidae (2 species) and Cardiidae (2 species). The major
source of ornamental imports was from south India with some souvenirs collected from nearby
intertidal areas and sold by local vendors as whole shells. Due to the extensive trade of ornamental
shells, there is a need to study the degree of exploitation of ornamental molluscs in India,
particularly in Gujarat.

Hindistan'in Deniz Siis Kabuklarimin Bir Kontrol Listesi: Dwarka ve Bet-
Dwarka, Gujarat'dan Bir Vaka Calismasi

Oz: Deniz kabuklari ekonomik agidan oldukca énemlidir ve tarih 6ncesi caglardan beri insanlar
tarafindan ¢esitli amaglarla kullanilmaktadir. Siis egyasi imalat1 giiney ve giineydogu Hindistan'da
asirlik bir endiistridir ve siis esyasi veya hediyelik esya olarak yumusakgalar hala yiiksek talep
gormektedir. Siis kabuklarinin ticareti ve ekonomisi {izerine ¢ok sayida literatiir olmasina ragmen,
stis kabuklarinin kullanimi daha az ¢alisilmistir ve gliney ve giineydogu Hindistan'daki bolgelerle
sinirhidir. Siis kabuklari, Dwarka, Somnath gibi kutsal yerlerde ve tiim Gujarat kiyilarinda yaygin
olarak ticareti yapilir ve Turbinella pyrum (chank kabugu) disinda, Gujarat'ta siis kabuklari
taksonomisi, kullanimi ve ticareti hakkinda higbir literatiir yoktur. Bu, Gujarat'tan siis kabuklar
tizerine yapilan ilk ¢aligmadir. Hindistan'daki siis kabuklar ile ilgili mevcut literatiirii inceledik ve
Hindistan'daki siis kabuklar1 i¢in herhangi bir kontrol listesi bulunmadigindan kapsamli bir kontrol
listesi olusturduk. Hindistan'da siis kabuklari olarak toplam 136 tiir kaydedildi. Bu kabuklardan 118
tiir literatiir taranarak listelenmis ve ilk kez kaydedilen 18 tiiriin yer aldig1 33 siis kabugu ¢alisma
alanindan yerinde gozlemlerden eklenmistir. 136 tiirden toplam 11 tiir, 1972 yaban hayati koruma
yasasi kapsaminda korunmustur. Siis tiirlerinin farkli kullanimlart incelenmis ve buna gore
siniflandirilmistir. Ailelere gore, katkilarin ¢ogu Cypraeidae'den (7 tiir), ardindan Muricidae (3 tiir),
Turbinellidae (2 tiir), Strombidae (2 tiir) ve Cardiidae'den (2 tiir) gelmektedir. Siis kabugu
ithalatinin ana kaynagi, yakinlardaki gelgit bolgelerinden toplanan ve yerel saticilar tarafindan
biitiin deniz kabuklari olarak satilan bazi hediyelik esyalarla birlikte gliney Hindistan'dan geliyordu.
Siis kabuklarinin yaygin ticareti nedeniyle, Hindistan'da, ozellikle Gujarat'ta siis kabuklarinin
kullanim derecesini incelemeye ihtiyac vardir.
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Introduction

Molluscs have been exploited by man for a wide
variety of purposes since prehistoric times. Their variety of
shape, colour and form has led to them being endowed
with magical or religious attributes, used for personal
decoration, as currency, or simply collected out of
curiosity. Ornamental molluscs are any species that are
marketed for their beauty or aesthetic purposes and used in
decoration. Since the dawn of human civilization molluscs
have a tremendous impact on Indian tradition and
economy (Appukuttan & Ramadoss, 2000). Presently
150,000 tonnes of cephalopods, over 100,000 t of bivalves
and nearly 20,000 t of gastropods are exploited from the
Indian waters. The bivalve exports amount to US$ 1.2
million and gastropod exports amount to US$ 1.8 million
per year (Mohamed & Venkatesan, 2017). Molluscs
occupy an important place in the commercial shell-craft
industry. The marine gastropod resources in India
comprise a variety of species and are exploited regularly
for various purposes. In some cases, this exploitation goes
unnoticed in several places because it constitutes a very
minor fishing when compared to other fishery resources
(WWEF, 2013). The commercially important molluscs of
Indian coast fall into four categories: (1) Food molluscs (2)
Molluscs yielding pearls, medicines and lime (3) Molluscs
used in the manufacture of ornaments (4) Molluscs which
cause damage to ships and marine structures as fouling
organisms (Durvey, 1975).

Shell handicraft and manufacture of ornaments is an
age-old industry in India and people of all walks of life
since ancient times used to wear rings and bangles carved
out of shells. Evidences from Franchthi Cave, Greece,
suggested that Cyclope neritea was heat treated to obtain a
shiny black finish for ornamental purposes in the
Palaeolithic and Mesolithic age (Vanhaeren & Perle,
2010). There are evidences that chank shell cutting
industries were present in the 1stand 2" centuries AD in
Tamilnadu and marine mollusc ornaments were traded
from Tamilnadu to Egypt and Greece (Hornell, 1914). In
recent times, molluscs have assumed a greater significance
in our industrial, technological and aesthetic aspects of
life. The demand for polished shells and hand-crafted
products as ornament, souvenir and home decor
encourages entrepreneurs in south India who have
established several cottage industries producing beautiful
curios and several utilitarian objects with molluscan shells
(Appukuttan & Ramadoss, 2000). Among the molluscan
resources exploited commercially from the Indian coast as
ornaments and souvenirs, very little attention has been
paid to the collection and utilization of gastropods, except
for the chank shell (Turbinella pyrum), top shell (Rochia
nilotica) and turbo shell (Turbo murmoratus). Chank shell
collection, utilization and trade was described by many
researchers all along the Indian coast (Hornell, 1914, Pillai
& Devadoss, 1947). The collection and trade of Turbo and
Trochus in the Andaman and other part of India was
described by several researchers (Appukuttan, 1979).
There is a variety of ornamental gastropods and they are
used as raw material for the shellcraft trade. Artistic

combinations of gastropods and bivalve shells are shaped
into attractive toys and models. Literature is available on
trade and economy of ornament shells (Appukuttan,
2008;Mohamed & Venkatesan, 2017; Shyam et. al.,
2017a; WWEF, 2013). There are only a few literature
available describing shell ornament industries in detail
(Appukuttan, 2000; WWEF, 2013). Earlier identification of
ornamental shells was carried out by Appukuttan, &
Ramadoss, (2000) in Ramnathpuram, Rameswaram and
Kanyakumari; Mohamed & Venkatesan (2017) in
Tutikorin, Rameswaram, Ramnathpuram and Keelakarai;
Natrajan et. al., (1987) in Ramnathpuram; Ravinesh et. al.,
(2019) in Rameswaram; Shyam et. al., (2017a) in Kollam;
Babu et. al., (2011) in Prangipettai. However, there is no
checklist available for ornamental molluscs in India.
Utilization and exploitation of the chank shell was studied
by Pota & Patel, (1988) in Gujarat. Other than the chank
shell, there is no literature available of ornamental mollusc
taxonomy, utilization and trade from Gujarat though they
are widely used in pilgrimage places like Dwarka and
Somnath and in other places all along the sea coast. In this
review, we have made an attempt to prepare a checklist of
ornamental mollusc of India which includes seashells
identified for the first time. Literature review and the
seashell trade of ornamentally important molluscs were
also carried out to shed some light on the status of
exploited species of molluscs in India.

Material and Methods
Study site
Dwarka

Dwarka is a city and a municipality of Devbhumi
Dwarka district in the state of Gujarat in Western India. It
is located on the western coast of the Okhamandal
Peninsula on the right bank of the Gomti River, at the
mouth of the Gulf of Kutch facing the Arabian Sea (Figure
1). The city's economy is tourism-based. Dwarka is one of
four sacred Hindu pilgrimage sites collectively called the
Chardham and is one of the seven-most-ancient religious
cities (Sapta Puri) in India. The main festival of
Janmashtami is celebrated in Bhadrapada (August—
September). Most of the revenue of Dwarka is derived
from tourism (Apte, 2012). Tourist population during
festival reaches 5-6 thousand daily and the number of
visitors reaches 500-600 hundred thousand every year
(Kapadia, 2018). As a result, there is a high demand of
unique ornaments and souvenirs made from marine
molluscs.

Bet Dwarka

Bet Dwarka (also spelled Beyt Dwarka) or
Shankhodhar is an inhabited island at the mouth of the
Gulf of Kutch situated 3 km off the coast of Okha, Gujarat,
India (Fig. 1). Northwest to southeast the island measures
13 km long with an average east-west width of 4 km. Itis a
strip of sandstone situated 30 km north of the town of
Dwarka (Gaur, 2004). Dhwarkadhish Temple and Shri
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Keshavraiji Temple are the major temples of Krishna.
Hanuman Dandi and Vaishnav Mahaprabhu Bethak and a
Gurudwara are also pilgrimage places. Bet Dwarka can be
reached by ferry from Okha. There is heavy traffic during
the winter and monsoon season and during the festival at
Bet Dwarka. In the peak season, 15,000-20,000 tourists
visit Bet Dwarka on a daily basis. There is a small market
selling mostly ornamental molluscs. Visitors purchase
whole shells or ornaments for religious purposes or as a
memento of pilgrimage visit.

A local tourist market was surveyed during the month
of January and February, 2022. Some common diversified
ornaments, gift articles and home decor pieces were
collected and identified in the laboratory. Some costly

articles were photographed with high resolution using a
digital camera (Canon, 1800D, Japan). At the laboratory,
mollusc specimens up to species level were identified with
standard references (Apte, 2012; Kamboj et. al., 2019;
Patel & Patel, 2019). A checklist of identified species was
prepared and their taxonomy and scientific names were
double-checked via World Register of Marine Species
(WoRMS) and Molluschase.org for the current
nomenclature. Different uses of ornamental shells were
also examined and classified accordingly. Interviews with
local sellers, local people and fishermen were also carried
out in order to determine the collection method of
molluscs.
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Figure 1. Location of the study site

Results and Discussion

Ornament molluscs from Devbhumi Dwarka

district

In the present study, 33 mollusc species were identified
and photographed from the ornaments and souvenirs
purchased from Dwarka and Bet Dwarka (Figurel-4).
These molluscs were classified under 3 classes, 10 orders,
22 families and 29 genera (Table 1). By family, the highest
contribution belonged to Cypraeidae (7 species), followed

by Muricidae (3 species), Turbinellidae (2 species),
Strombidae (2 species) and Cardiidae (2 species). The
contribution of the remaining 17 families was 3%. Out of
33 species, 11 species were sold exclusively as a souvenir
(only whole shell), 2 species were sold as holy items with
religious importance and 8 species were used exclusively
in making ornaments while 16 species were used both as a
souvenir and used in making ornaments (Table 1).
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Table 1. List of ornamental molluscs collected from Dwarka and Bet-Dwarka Market.

Sr.no| Class Order Family Species name Remarks
1 Monetaria caputserpentis (Linnaeus, 1758) | Souvenir Jewellery,
] ] Keychain, Toran,
2 Monetaria annulus (Linnaeus, 1758) Mirror
3 Naria turdus (Lamarck, 1810)
4 Cypraeidae Mauritia eglantina (Duclos, 1833) Souvenir, Toys
5 Cribrarula cribraria (Linnaeus, 1758)
6 Cypreae tigris (Linnaeus, 1758 Show —piece
Littorinimorpha S :
. " ouvenir Jeweller
7 Naria lamarckii (J. E. Gray, 1825) . y
Keychain
Ficidae Ficus gracilis (G. B. Sowerby 1, 1825) Souvenir
Rostellariidae Tibia curta (G. B. Sowerby 11, 1842) Souvenir
10 Bursidae Bufonaria echinata (Link, 1807) Souvenir
11 . Laevistrombus canarium (Linnaeus, 1758) | Keychain, Shoe-piece
Strombidae 5 . :
12 Lambis lambis (Linnaeus, 1758) Souvenir
13 N Turbinella pyrum (Linnaeus, 1767) Religious purpose
Turbinellidae - —
14 Turbinella rapa (Lamarck, 1816) Religious purpose
15 |Gastropoda Melogenidae Volegalea cochlidium (Linnaeus, 1758) Souvenir
16 Conidae Conus araneosus (Lightfoot, 1786) Souvenir
17 Chicoreus capucinus (Lamarck, 1822) Souvenir
18 Neogastropoda Muricidae Chicoreus ramosus (Linnaeus, 1758) Souvenir
19 Murex ternispina Lamarck, 1822 Souvenir
20 Mitridae Mitra sp. (Lamarck, 1798) Souvenir, Aquarium
decoration
. . . Jhumar, Mirror,
21 Columbellidae Euplica scripta (Lamarck, 1822)
Toran
22 Babyloniidae Babylonia spirata (Linnaeus, 1758) Jhumar, Mirror
23 Cerithiidae Cerithium sp. Bruguiére, 1789 Toys
Caenogastropoda i i
24 g P Turritellidae Turritella radula (Kiener, 1843) Aquarium dec_oratlon,
Souvenir
25 Lepetellida Haliotidae Haliotis varia Linnaeus, 1758 Souvenir, Aquarlum
decoration
26 Trochida Turbinidae Turbo bruneus (Réding, 1798) Souvenir
27 - Architectonicidae|Architectonica perspective (Lamarck, 1816) Souvenir
28 Venerida Veneridae Dosinia exoleta Linnaeus, 1758 Toran, Souvenir
29 Arcida Arcidae Tegillarca granosa (Linnaeus, 1758) Toran, Souvenir
30 | Bivalve N B Vasticardium spp. Iredale, 1927 Table lamp
Cardiida Cardiidae - -
31 Vepricardium spp. Iredale, 1929 Toran
32 Ostreida Margaritidae Pinctada fucata (A. Gould, 1850) Jewellery
33 |Scaphopoda| Dentaliida Dentelidae Dentalium spp. Linnaeus, 1758 Jewellery, Souvenir
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Figure 2. 1. Monetaria caputserpentis 2.1 Monetaria annulus 2.2 keychain(Monetaria annulus) 3. Naria turdus 4.1 Mauritia eglantine 4.2 Toy(Mauritia eglantine) 5. Cribrarula cibiaria
6.1 Cypraea tigris 6.2 Showpiece 7.1 Naria lemarckii 7.2 jwellery (Naria lemarckii) 8. Ficus gracilis9.1 Tibia curta 9.2 Showpiece(Tibia curta) 10. Bufonaria echinata 11.

Laevistrombus canarium 12. Lambis lambis 13.1 Turbinella pyrum 13.2 Polished shell (Turbinella pyrum) 14. Turbinella rapa 15. Volegalea cochlidium 16. Conus araneosus
17. Chicoreus capucinus 18. Chicoreus ramosus
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Figure 3. 19. Murex ternispina 20. Mitra sp. 21.1 Euplica scripta 21.2 Toran(Euplica scripta) 22.1 Babylonia spirata 22.2
Jhumar(Babylonia spirata) 23. Cerithium sp. 24. Turritella radula 25. Neritodryas dubia 26. Turbo bruneus 27.
Architectonica perspectiva 28. Dosinia exoleta (Photograph 21.1 &22.1 taken from eol.org)

Figure 4. 29.1 Tegillarca granosa 29.2 Toy(Tegillarca granosa) 30. Vesticardium sp. 31. Vepricardiumsp. 32. Pinctada
fucata 33. Dentalium sp
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Species like Ficus gracilis, Tibia insulaechorab,
Bufonaria echinata, Laevistrombus canarium, Lambis
lambis, Volegalea cochlidium, Conus araneosus,
Chicoreus  capucinus, chicoreus ramosus, Murex
ternispina, Turbo bruneus and Architectonica perspectiva
were used as whole shell for decorative purposes and as
souvenirs. Market price for these shells ranged between
10-100 INR (0.1-1.2 USD) based on shape and size. Most
of these species are sold by local vendors.

Cypraea tigris, Strombus canarium, Euplica scripta,
Babylonia spirata, Cerithium sp. and Pinctada fucata were
exclusively used in the production of show-pieces (market
price 50-200 INR) (0.6-2.5 USD), key chains (market
price 10-50 INR) (0.1-0.6 USD), mirrors (market price
300-1000 INR) (4-12 USD), Toran (market price 300-700
INR) (4-9 USD) and Jhumar (market price 1000-5000
INR) (12-60 USD). Vasticardium sp. and Vepricardium sp.
were carved, polished and used in the production of table
lamps (market price 500-1000 INR) (6-12 USD). All these
ornaments were sold in stores and showrooms. Most of the
shells belonging to the family Cypraeidae were large and
beautiful and used as souvenirs (market price 5-10 INR per
piece) (0.1-0.2 USD), jewellery (market price 50-100 INR)
(0.5-1 USD), key-chain (market price 20-50 INR) (0.2-0.6
USD), mirror (market price 300-1000 INR) (4-12 USD),
Toran (market price 300-700 INR) (4-8 USD) and toys
(market price 50-200 INR) (0.5-2.5 USD). The common
species of family Cypraeidae were Monetaria
caputserpentis, Monetaria annulus, Naria turdus, Mauritia
eglantina, Cribrarula cribraria, Erosaria lamarckii.
Species like Mitra sp., Turritella radula and Haliotis varia
were also common. Bivalves like Dosinia exoleta and
Tegillarca granosa were used in making dolls and toys
together with gastropods like Cerithium and Conus.
Market prices of these toys ranged from 50 to 200 INR
(0.5-2.5 USD). Dentalium sp. was commonly used as
pendants and sold in markets in Bet Dwarka under Rs.10
(0.1 USD). On the other hand, since Turbinella pyrum and
Turbinella rapa have high religious values in Hindu belief
and considered holy and found in Hindu temples, they
receive higher prices ranging from 200 to 4,000 INR (2-50
USD) according to size of the shell.

Interviews with locals and shopkeepers revealed that
Devbhumi Dwarka district had no seashell ornament
industries and all the ornaments were imported from
Tamilnadu and Kerala. However, Ramnathpuram,
Keelakarai, Kollam, Rameswaram and Tutikorin had well-
established seashell ornament industries (Appukuttan,
1996; Natarajan etal., 1987). Therefore, ornamental shells
sold in the markets in Dwarka and Bet Dwarka were
imported from south India. Only a few local vendors in
Gomti Ghat (Dwarka) and Bet Dwarka were found to sell
raw shells (unpolished whole shell) which were bycatches
from trawl fishing with the exception of Turbinella pyrum
and Turbinella rapa which were collected by diving. A
total of 14 species were identified from local vendors as
raw shells which come from the surrounding areas.

Earlier studies on molluscan diversity by
Gopalkrishnan, (1970), Sarvaiya, (1977) and Soni &

Thakur, (2015) reported a total of 114 species from the
intertidal zone of Dwarka, Bet Dwarka, Okha and the
surrounding areas. Twelve out of 33 ornamental species
identified in this study were recorded from the surrounding
intertidal areas by these researchers. Among 14 species
which were identified as raw shells sold by local vendors,
7 species were recorded earlier by these researchers from
the intertidal areas where as 7 species were deep sea
species with no earlier report. There were 7 species sold by
local vendors as imports from south India which were
recorded earlier by other researchers.

Checklist of Indian Ornament Molluscs

A total of 136 species were recorded as ornamental
molluscs from the available literature (118 species) and the
current work (33 species) (Table 2). Major contributors by
family were Muricidae (19 species) followed by
Strombidae (13 species), Cypraeidae (12 species),
Conidae (9 species) and Naticidae (5 species). All
available literature for identification of ornamental
molluscs concentrated on the south and southeast coasts of
Ramnathpuram, Rameswaram, Tutikorin, Keelakarai and
Prangrpettai in Tamilnadu and of Kollam-Kanyakumari in
Kerala (Appukuttan, 2000; Babu et al., 2011; Mohamed &
Venkatesan 2017; Natarajan et al., 1987; Ravinesh et al.,
2019; Shyam et al., 2017). In this study, ornamental
molluscs from Gujarat were identified for the first time
and 18 species, which were previously not identified as
ornamental molluscs, were added to the checklist of India.
Among the 136 species, 5 species falls under Schedule |
and 6 species falls under Schedule Il of Wildlife Protection
Act notification, 2021 (Table 3). There is a long history of
mollusc use as ornaments in India and their exploitation
continues today. There is no systematic survey carried out
to understand the degree of exploitation of ornament
molluscs inIndia.
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Table 2. Checklist of Ornament molluscs of India

Sr

No Family Species Name References in which species mentioned

1 Architectonicod Architectonica laevigata (Lamarck, 1816) WWF 2013, Shyam et al. 2017a, Mohamed & Venkatesan 2017

rchitectonicodea
2 Architectonica perspectiva (Lamarck, 1816) Mohamed & Venkatesan 2017, Babu et al. 2011, Mohamed 2012
3 Babylonia spirata (Linnaeus, 1758) WWEF 2013, Mohamed &Venkatesan 2017, Venkatesan 2010, Appukuttan 1996, Babu et
y P ' al.2011, Shyam et al. 2017a&b, Mohamed 2012
. . . o WWF 2013, Mohamed &Venkatesan 2017 , Venkatesan 2010, Appukuttan 1996, Shyam et
4 Babyloniidae Babylonia zeylanica (Bruguiére, 1789) al. 2017a&b. Mohamed 2012
. . Venkatesan 2010, Narasimham et al.1993, Alagerswami & Meiyappan 1987, Appukuttan

5 Babylonia spp. Schliiter, 1838 2008, Natarajan et al.1988

6 Bursid Bufonaria echinata (Link, 1807) WWEF 2013,Venkatesan 2010, Shyam et al. 2017a&b, Babu et al. 2011

ursidae
Bursa margariticula (Deshayes, 1833) Shyam et al. 2017b
8 Conus milneedwardsi (Jousseaume, 1894) ZY\lAS/)g é2013, Mohamed & Venkatesan 2017, Subba Rao 2003, Appukuttan 2008, Natarajan et
. Venkatesan 2010, Appukuttan 1996, Narasimham et al. 1993, Alagerswami & Meiyappan

9 Conus spp. Linnaeus, 1758 1987, Appukuttan 2008, Natarajan et al.1988, Mohamed 2012

10 Conus amadis (Gmelin, 1791) Babu et al.2011, Subba Rao 2003, Salim et al. 2017b

11 Conidae Conus litteratus (Linnaeus, 1758) Salimet al. 2017b

12 Conus bengalensis (Okutani, 1968) Alagerswami & Meiyappan 1987

13 Conus miles (Linnaeus, 1758) Appukuttan 2008

14 Conus striatus (Linnaeus, 1758) Appukuttan 2008

15 Conus geographus (Linnaeus, 1758) Appukuttan 2008

16 Conus araneosus (Lightfoot, 1786) Current Study

17 Monoplex pilearis (Linnaeus, 1758) WWEF 2013, Mahamed & Venkatesan 2017, Natarajan et al.1988, Shyam et al. 2017

18 Cymatiidae Cymatium spp. Réding, 1798 ;/Oegskatesan 2010, Narasimham et al.1993, Alagerswami & Meiyappan 1987, Appukuttan
19 Septa rubecula (Linnaeus, 1758) Shyam et al. 2017b

20 Ficid Ficus gracilis (G. B. Sowerby I, 1825) WWEF 2013, Mahamed & Venkatesan 2017,Shyam et al. 2017b

icidae
21 Ficus ficus (Linnaeus, 1758) Mohamed &Venkatesan 2017, Mohamed 2012
22 Volutidae Fulgoraria spp.Schumacher, 1817 WWF 2013, Mahamed & Venkatesan 2017
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WWF 2013, Subba Rao 2003,Shyam et al. 2017b, Venkatesan 2010, Babu et al. 2011,

23 Melo melo (Lightfoot, 1786) Natarajan et al.1988, Appukuttan 1996, Mohamed 2012
24 Cymbium spp. Réding, 1798 T;é??izﬁsglw(j&::{ ;ggg Babu et al.2011, Shyam et al. 2017b, Alagerswami & Meiyappan
25 Fusinus colus (Linnaeus, 1758) WWF 2013,Mahamed & Venkatesan 2017
26 Fasciolariidae Fusinus toreuma (Deshayes, 1843) Mohamed & Venkatesan 2017, Mohamed 2012, Shyam et al. 2017b
27 Fusinus spp. Rafinesque, 1815 Venkatesan 2010, Alagerswami & Meiyappan 1987, Natarajan et al.1988
28 Plearoploca trapezium (Linnaeus, 1758) Ravinesh et al. 2019, Mohamed 2012

. . WWF 2013, Mohamed & Venkatesan 2017, Durve 1975, Appukuttan 1996, Babu et al.2011,
29 Harpidae Harpa major (R6ding, 1798) Mohamed 2012, Shyam et al. 2017b "
30 Harpa spp. Roding, 1798 Venkatesan 2010, Alagerswami & Meiyappan 1987, Natarajan et al.1988
31 Murex tribulus (Linnaeus, 1758) WWEF 2013, Shyam et al. 2017b, Mohamed & Venkatesan 2017
32 Chichoreus virgineus (Rading, 1798) \é\é\ﬁF |\2/|%1r13;1 Q%p;gf;tan 1996, Shyam et al. 2017b, Mohamed &Venkatesan 2017, Babu et al.
33 Purpura bufo (Lamarck, 1822) WWEF 2013, Appukuttan 1996, Shyam et al. 2017b
34 Rapana rapiformis (Born, 1778) Mohamed & Venkatesan 2017, Mohamed 2012, Shyam et al. 2017b
35 Murex pectin (Lightfoot, 1786) Mohamed & Venkatesan 2017, Mohamed 2012
36 Murex trapa (Réding, 1798) Mohamed & Venkatesan 2017, Mohamed 2012
37 Orania badia (Reeve, 1845) Mohamed & Venkatesan 2017, Mohamed 2012

Mohamed & Venkatesan 2017, Durve 1975, Appukuttan 1996, Narasimham et al.1993, Babu

38 Muricidae Murex spp. Linnaeus, 1758 StOiIZ.ZOM, Subba Rao 2003, Alagerswami & Meiyappan 1987, Appukuttan 2008, Mohamed
39 Chicoreus ramosus (Linnaeus, 1758) I\\/A%nhlza:;eesgggleo, Babu et al. 2011, Subba Rao 2003, Shyam et al.2017b, Appukuttan 2008,
40 Haustellum haustellum (Linnaeus, 1758) Venkatesan 2010, Natarajan et al.1988
41 Drupa spp. Roding, 1798 Narasimham et al. 1993, Appukuttan 2008
42 Il-|8e;<§)plex kuesterianus (Tapparone Canefri, Babu et al 2011
43 Nassa spp. Roding, 1798 Subba Rao 2003, Mohamed 2012
44 Haustellium spp. Schumacher, 1817 Shyam et al. 2017b
45 Chicoreus florifer (Reeve, 1846) Natarajan et al.1988
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46 Murex triremis (Purpurellus Jousseaume, 1880) | Natarajan et al.1988

47 Thais spp Roding, 1798 Mohamed 2012

48 Chicoreus capucinus (Lamarck, 1822) Current study

49 Murex ternispina Lamarck, 1822 Current study

50 Agaronia gibbosa (Born, 1778) WWF 2013, Mohamed & Venkatesan 2017, Babu et al.2011, Mohamed 2012

Olividae Mohamed & Venkatesan 2017, Venkatasen 2010, Appukuttan 1996, Narasimham et al.1993,

51 Oliva spp.(Bruguiére, 1789) Subba Rao 2003, Shyam et al. 2017b, Alagerswami & Meiyappan 1987, Appukuttan 2008,
Natarajan et al.1988, Mohamed 2012

52 Phalium glaucum (Linnaeus, 1758) WWF 2013, Mohamed & Venkatesan 2017, Shyam et al. 2017b; Babu et al.2011

53 . Cassis conuta (Linnaeus, 1758) Ravinesh et a_1|. 2019_, Durve 1975, Ramadoss2003, Appukuttan 1996, Narasimham et al. 1993,

Cassidae Alagerswami & Meiyappan 1987, Appukuttan 2008

54 Cypraecassis rufa (Linnaeus, 1758) Ravinesh et al. 2019, Appukuttan 1996, Appukuttan 2008

55 Cassis madagascarensis(Lamarck, 1822) Natarajan et al.1988

56 Neverita didyma (Roding, 1798) WWEF 2013, Shyam et al. 2017b

57 Polinices mammilla (Linnaeus, 1758) Mohamed & Venkatesan 2017, Mohamed 2012

58 Naticidae Tanea lineate (Roding, 1798) Mohamed & Venkatesan 2017, Mohamed 2012

59 Natica spp. Scopoli, 1777 Narasimham et al. 1993 ,Shyam et al. 2017b, Appukuttan 2008

60 Paratectonatica tigrina (Roding, 1798) Babu et al.2011

61 Neodilatilabrum marginatum (Linnaeus, 1758) | WWF 2013, Venkatesan 2010, Appukuttan 1996, Appukuttan 2008

62 Lambis truncate (Lightfoot, 1786) Mohamed & Venkatesan 2017, Ravinesh et al.2019, Appukuttan 2008, Mohamed 2012
Mohamed &Venkatesan 2017, Venkatasen 2010, Ravinesh et al.2019, Durve 1975,

63 Lambis lambis (Linnaeus, 1758) Appukuttan 1996, Narasimham et al. 1993, Babu et al.2011, Subba Rao 2003, Shyam et al.
2017b, Appukuttan 2008, Mohamed 2012

64 Strombidas Strombus spp. Linnaeus, 1758 ;/Ilezfggg,zs&r:) ﬁg&gd I\lza(l)rlemham et al. 1993, Alagerswami & Meiyappan 1987, Natarajan et

65 Harpago chiragra (Linnaeus, 1758) Ramadoss 2003, Babu et al.2011

66 Laevistrombus canarium (Linnaeus, 1758) Babu et al.2011

67 Mirabilistrombus listeri (T. Gray, 1852) Appukuttan 2008

68 Lambis crocata (Link, 1807) Appukuttan 2008

69 Lambis spp. Réding, 1798 Appukuttan 2008

70 Lambis scropius (Linnaeus, 1758) Appukuttan 2008
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70 Lambis lambis (Linnaeus, 1758) Appukuttan 2008

71 Harpago chiragra (Linnaeus, 1758) Natarajan et al.1988

72 Lambis crocata (Link, 1807) Natarajan et al.1988

73 Tibia curta (G. B. Sowerby |1, 1842) WWF 2013, Mohamed & Venkatesan 2017, Salim et al. 2017a&b, Mohamed 2012

24 Rostellariidae Tibia spp. Réding, 1798 ;/ggél;alt\?;?ar: azj(;ﬁ%tlzﬁrlzség]ham et al.1993, Alagerswami & Meiyappan 1987, Appukuttan

75 Tonnidae Tonna dolium (Linnaeus, 1758) WWEF 2013, Narasimham et al. 1993, Babu et al.2011, Shyam et al. 2017ab, Appukuttan 2008

76 Turritella duplicate (Linnaeus, 1758) WWF 2013, Babu et al. 2011, Shyam et al. 2017b

77 o Turitella terebra (Linnaeus, 1758) WWEF 2013

78 Turritellidae Turritella attenuate Reeve, 1849 Mohamed & Venkatesan 2017

79 Turritella radula (Kiener, 1843) Current study

80 Xenophoridae Xenophora corrugate (Reeve, 1842) WWEF 2013, Shyam et al. 2017b

81 Xenophora spp.(Fischer von Waldheim 1807) Mohamed & Venkatesan 2017, Mohamed 2012
WWF 2013, Mohamed & Venktasen 2017, Venktasen 2010, Ramadoss 2003, Appukuttan

82 Umbonium vestiarium (Linnaeus, 1758) 1996, Narasimham et al. 1993, Babu et al.2011, Subba Rao 2003, Shyam et al. 2017b,
Alagerswami & Meiyappan 1987, Appukuttan 2008, Natarajan et al. 1988, Mohamed 2012

Trochidae Mohamed & Venkatesan 2017, Venkatesan 2010, Durve 1975, Ramadoss 2003, Appukuttan

83 Rochia nilotica (Linnaeus, 1767) 1996, Narasimham et al. 1993, Subba Rao 2003, Alagerswami & Meiyappan 1987,
Appukuttan 2008, Mohamed 2012

85 Trochita trochiformis (Born, 1778) Venkatesan 2010, Ramadoss 2003, Babu et al.2011

86 Volegalea cochlidium (Linnaeus, 1758) VAVF:/F\)/Ekﬁ?tﬁ,zhélgg’a?hefaﬁ\éfghtggir; l3017, Venktasen 2010, Narasimham et al.1993,

87 Melongenidae Volegalea carnaria (Roding, 1798) Babu et al.2011, Subba Rao 2003

88 Cellana radiate (Born, 1778) Mohamed 2012

89 Cypreae tigris (Linnaeus, 1758) \2/\6\{\9;2&10?;{%22&2%3 &Venkatesan 2017, Appukuttan 1996, Babu et al.2011, Shyam et al.

90 — Monetaria moneta (Linnaeus, 1758) MSEzng <ng) ;/Zenkatesan 2017, Ramadoss 2003, Appukuttan 1996, Subba Rao 2003,

91 Cypraea spp. Linnaeus, 1758 \I\iler)katesan 2010, Durve 1975, Ramadoss 2_003, Narasimham et al. 1993, Alagerswami &

eiyappan 1987, Appukuttan 2008, Natarajan et al.1988
92 Talparia talpa (Linnaeus, 1758) Venkatesan 2010, Natarajan et al.1988
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93 Mauritia Arabica (Linnaeus, 1758) Appukuttan 1996, Mohamed 2012
94 Mauritia eglantina (Duclos, 1833) Current study
95 Mauritia histrio (Gmelin, 1791) Natarajan et al.1988
96 Monetaria caputserpentis (Linnaeus, 1758) Current study
97 Monetaria annulus (Linnaeus, 1758) Current study
98 Naria lamarckii (J. E. Gray, 1825) Current study
99 Naria turdus (Lamarck, 1810) Current study
100 Cribrarula cribraria (Linnaeus, 1758) Current study
WWEF 2013, Mohamed & Venkatesan 2017, Venkatasen 2017 ,Ravinesh et al. 2019,
101 o Turbinella pyrum (Linnaeus, 1767) Ramadoss 2003, Appukuttan 199_6, Nara_simham et al.1993, Babu et al.2011, Subba Rao 2003,
Turbinellidae Shyam et al. 2017b, Alagerswami & Meiyappan 1987, Appukuttan 2008, Natarajan et al 1988,
Mohamed 2012
102 Turbinella rapa(Lamarck, 1816) Current study
103 | Pseudonelatomidae | Crassispira spp. (Swainson, 1840) Mohamed & Venkatesan 2017, Mohamed 2012
104 Epitoniidae Epitonium scalaris (Linnaeus, 1758) Mohamed & Venkatesan 2017, Mohamed 2012
Mohamed & Venkatesan 2017, Ravinesh et al.2019, Durve 1975, Ramadoss 2003, Appukuttan
105 Turbo marmoratus (Linnaeus, 1758) 1996, Narasimham et al. 1993, Babu et al.2011, Subba Rao 2003, Alagerswami & Meiyappan
Turbinidae 1987, Appukuttan 2008, Mohamed 2012
106 Turbo intercostalis (Menke, 1846) Venkatesan 2010, Mohamed 2012
107 Turbo bruneus (Réding, 1798) Current study
108 Charoniidae Charonia tritonis (Linnaeus, 1758) Mohamed & Venkatesan 2017, Ravinesh et al.2019, Appukuttan 2008, Mohamed 2012
109 Arca spp. Linnaeus, 1758 Mohamed & Venkatesan 2017, Venkatasen 2010, Natarajan et al.1988
110 Arcidas Anadara spp. Gray, 1847 Babu et al.2011
111 Tegillarca granosa (Linnaeus, 1758) Current study
112 Tegillarca rhombea (Born, 1778) Babu et al.2011
113 Dentelidae Dentalium spp. Linnaeus, 1758 Venkatesan 2010, Appukuttan 1996, Appukuttan 2008, Natarajan et al.1988, Mohamed 2012
114 Haliotidae Haliotis varia (Linnaeus, 1758) Venkatesan 2010
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Table 3. List of scheduled ornament molluscs

S Species WPA

No 2021

1 fggr)s milneedwardsi (Jousseaume, Schedule-1
2 Turbo marmoratus (Linnaeus, 1758)  Schedule-1
3 Charonia tritonis (Linnaeus, 1758) Schedule-1
4  Cassis conuta (Linnaeus, 1758) Schedule-1
5  Cypraecassis rufa (Linnaeus, 1758)  Schedule-1
6  Rochia nilotica (Linnaeus, 1767) Schedule-2
7 Lambis truncate (Lightfoot, 1786) Schedule-2
8  Talparia talpa (Linnaeus, 1758) Schedule-2
9  Placuna placenta (Linnaeus, 1758) Schedule-2
10 Harpago chiragra (Linnaeus, 1758)  Schedule-2
11  Lambis scropius (Linnaeus, 1758) Schedule-2

Conclusion

This is the first comprehensive checklist of ornamental
molluscs of India. We have recorded 136 ornamental
molluscs from India with 18 species recorded for the first
time being used in the making of seashell ornaments in
India. Most of the seashell ornamental industries are
concentrated in the south and south east coasts of India
with corresponding exploitation of molluscs recorded from
the south coast, Gulf of Mannar and Andaman Nicobar
Islands.

We have recorded 33 species being used as ornamental
molluscs from Gujarat. Although seashell ornaments are
extensively imported from south India, there are as much
as 14 species used as souvenirs collected from the nearby
coasts of Dwarka and Bet Dwarka. There is already high
exploitation pressure on Turbinella pyrum from the Gulf of
Kachchh and there is a need to track the exploitation of
ornamental molluscs from Gujarat. Since Dwarka and Bet
Dwarka are pilgrimage sites with 5-6 hundred thousand
people visiting annually, demand for ornamental molluscs
as holy objects or as souvenirs is very high. However,
there is no study available on the market demand and
exploitation of ornamental molluscs. Therefore, there is a
need to study the ornamental shell market quantitatively in
order to better understand the rate of exploitation on
ornamental molluscs. Well-managed exploitation of
ornamental shells with regulations towards limiting the
harvest of species with high demand will help sustainable
business opportunities for the local people and help thrive
this age old ornamental seashell trade for future
generations. In a further study, we are planning to survey
the ornamental seashell market to quantify the trade of
ornamental molluscs exploited from Dwarka & Bet
Dwarka and assess the economical importance of
ornamental seashell trade on local people.
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Abstract: In this review, the status of fisheries in Iraq is described. Iraq has two main water
resources, the Tigris and Euphrates Rivers, forming a water area of approximately 700,000 hectares.
Surface waters are distributed as natural lakes (39%), dam lakes (13.3%), and rivers and their
tributaries (3.7%). On the other hand, marshes constitute 44% of the water sources in Irag. The Iragi
government began recording fish production from wild and aquaculture in 1986. Total fish production
from freshwaters in Irag in 1991 and 1998 were 18,800 and 30,000 tons, respectively. In 2020, the
total fish production in Iraqg reached to 241,848 tons (Anonymous, 2022a). The bulk of fish
production belonged to carps followed by barbs (genus Barbus) and trouts. With respect to capture
fishing in Iraq, a variety of trawl nets (single-bag and multi-bag) and gillnets have commonly been
used. The 1970s and 1980s were characterized by low consumption of fish meat (i.e., 4.3 kg in 1979),
but it has gradually increased over the last years and has reached a remarkable 10 kg per capita in
2020. In this review, freshwater and marine fish species, aquaculture production and wild catch,
institutions and centers specialized in researching and developing fisheries, fish meat consumption,
problems of the fishing industry and potential solutions to develop the fishing industry in Iraq are
outlined. This is the first study on the present status of fisheries in Iraq.

Irak'ta Balik¢ilik Sektoriiniin Giiniimiizdeki Durumu: Elestirel Bir Derleme

Oz: Bu derlemede Irak'taki balik¢iligim giiniimiizdeki durumu anlatilmaktadir. Irak, yaklasik 700 000
hektarlik bir su alani olusturan Dicle ve Firat Nehirleri olmak iizere iki ana su kaynagina sahiptir. Bu
su kaynaklarinin %39’unu dogal géller, %13,3’iinii baraj golleri ve %3,7’sini akarsular ve kollar
olusturmaktadir. Ote yandan, Irak'taki su kaynaklarmim %44'iinii batakliklar teskil etmektedir. Irak
hiikiimeti, 1986'da (4000 ton) dogal ve su irinleri yetistiriciliginden elde edilen balik iiretimini
kaydetmeye baslanistir. Irak'ta tath sulardan elde edilen toplam balik tiretimi 1991 ve 1998 yillarinda
sirastyla 18 800 ve 30 000 ton olmustur. Ayrica, 2020 yilinda Irak'ta toplam balik tretimi 241 848
tona ulagmustir. Balik iretiminin biiyiik bir kismi sazandan elde edilir. Bunu Barbus ailesi ve alabalik
takip etmektedir. Irak'ta balik avlamak i¢in farkli tipte trol aglar (tek torbali ve ¢oklu torbali) ve
uzatma aglari yaygin olarak kullanilmaktadir. 1970'ler ve 1980'ler diisiik balik eti tiikketiminin oldugu
yillar olmustur (6rnegin, 1979'da 4,3 kg), ancak son yillarda balik tiiketimi kademeli olarak artmis ve
2020'de 10 kg'a ulasmistir. Bu derlemede, Irak'ta tatli su ve deniz baliklar tiirleri, su tiriinleri tiretimi
ve dogadan avlanma, su driinleri arastirma ve gelistirme konusunda uzmanlagmis kurum ve
merkezler, balik eti tiikketimi, balikgilik endiistrisinin sorunlar1 ve Irak'ta balik¢ilik endiistrisinin
gelistirilmesi i¢in olasi ¢oziimler ana hatlariyla belirtilmistir. Bu derleme Irak'ta balik¢iligin
durumuna iliskin ilk ¢aligmadir.

Introduction

Although Iraq is an oil-rich country and has an arid
climate, fisheries played an active role in the country's
economy until 1980. However, the aquaculture sector was
adversely affected as consequence of the Iran—Irag war in
the 1980s and Kuwait operations. Environmental impacts
from oil pollution also significantly diminished
aquaculture production in Iraq (Jaradat, 2002; Maaruf and
Akbay, 2020). Moreover, natural fish production in Iraq

*Corresponding author: mharlioglul@hotmail.com

has also been adversely affected by climate changes (i.e.,
increase in water temperature and drought) and by the
presence of Carassius gibelio, a non-native cyprinid fish
species, in some freshwaters of Iraq since 2012;i.e, it is
more abundant in the Tigris River in recent years
(Anonymous, 20223, b). Therefore, prospects for national
food security in lIraq in the short or long-term by
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international food aid and agricultural technology are
unpromising (Maaruf and Akbay, 2020).

In Irag, fish species cultured under controlled
conditions are carp (93%) and trout (7%) (Anonymous,
2022a, b). There were two main official fishery research
centers in Iraq (the Fish Research Center in Zaafaraniyah
and the Marine Science Center in Basra) supplying
fingerlings and feed to fish farmers in the 2000s (Grafton,
2010), but in recent years, only one hatchery is operational
(Swera in Baghdad).

In Iraqg, approximately 40% of the total fish products
sold in markets are imported from abroad (Anonymous,
2022a, b). However, the share of local fishing is limited to
20-40% and the share of aquaculture is at 40%. It is
thought that the decrease in harvest from natural resources
has resulted in an increase in the rate of fish importation
from other countries. Therefore, it is necessary to
investigate the reasons for the decrease in natural
populations in Irag.

Currently in Iraq, the fisheries and aquaculture sectors
have more potential for development than that of other
meat producing sectors such as poultry and ruminants, as
they only account for 4% of the total investment. For
example, in recent years, fish production has improved in
Northern Irag and especially in Erbil province, but it is
necessary to follow scientific and technological
developments for higher economic returns at the lowest
possible cost. In addition, despite the high importance of
fish production in Irag, the sector is faced with many
problems with respect to production and investment, such
as bureaucratic difficulties (i.e. difficulties in obtaining
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official permits), limited use of scientific, technological an
innovative developments in fish farming and high fish
production costs in recent years (FAO, 2019).

Freshwater fish species

Although there are 24 freshwater fish species recorded
in the freshwaters of lIraq (Figure 1) (Al-Jubour and
Mohamed, 2019) only Cyprinus carpio and
Hypophthalmichthys molitrix are harvested for economic
trade. The other freshwater fish species are: Arabibarbus
grypus, Acanthobrama marmid, Asalus eorase, Barbus
lutebis, Barbus sharpi, Barbus grypus, Barbus
xanthopterus, Capoeta damascina, Cyprinion Kkais,
Capoeta umbla, Cterophary godon, Calliotropis delli,
Carassius auratus, Carassius gibelio, Luciobarbus vorax,
Luciobarbus xanthopterus, Mastacembelus
mastacembelus, Mesopotamichthys sharpeyi, Mystus
pelusius, Planiliza abu, Silurus triostegus (Anonymous,
2022a, b). According to (Al- Jubour and Mohamed, 2019),
these species belong to ten families, of which 17 are native
and 7 are non-native.

Freshwater fish are caught from the Tigris and
Euphrates rivers. In addition, some fishermen catch fish in
the dam of Mosul, Dokan, Darbandikhan and Habaniya.
For example, there are more than 1500 fishermen catching
fish in the Mosul dam which is the biggest dam in Iraq
(Anonymous, 2022b).

There are approximately 15,340 fishing boats in Irag.
Most of these boats (85%) are non-powered and the rest
are equipped with engines of with horsepower 40 and
below (Anonymous, 2022b).
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Freshwater resources and catchments area of rivers Tigris and Euphrates in Irag (Wikimedia Commons, 2023)
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Marine fish species

The coastal area of Iraq is very limited. Although Iraq
has a coastline of only 100 kilometers in the Persian Gulf,
it has two large ports that can serve all kinds of sea
vehicles. These are the ports of Umm-iil-Kasr on the shore
of the Gulf of Basra and on the shore of the Sattiilarap
waterway. On the other hand, as for marine fisheries, Iraq
has limited water borders (2 km). Basra is the only city
that borders the waters of the Arabian Gulf, with 70% of
the fishermen living in this city and some private
companies also fish in this area.

The most important marine  species are
Tenualosa ilisha, Lethrlrus nebulous, Pampus argenteus
and Sparus aurata (Al-Helli et al., 2019). The government
controlled the marine fish catches between 1980-1986, but
the control was not carried out after 1986 because of
political reasons (Anonymous, 2022a). The annual fish
production of marine fish was estimated at 1300 tons until
the end of 1997. However, fish production increased
remarkably to 13,400 tons in 1998 (Anonymous, 2022a).

Extensively used fishing gears and equipment for
marine fish are trawls and ocean nets such as pelagic
gillnets, bottom gillnets and other means of equipments
such as shovels. The number of boats used in marine
fishing is estimated as 1600, with only 3% of these boats
are of relatively large size having an engine power of 200
horse power (HP). The rest are equipped with less
powerful engines (Anonymous, 2022a).
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Fish production in Iraq
Aquaculture production

Aquaculture production in Iraq is carried out in an area
of approximately 7,500 hectares, and the main fish species
produced are the common carp, grass car, and silver carp.
Trout species are also reared in concrete ponds in the
mountainous regions (Anonymous, 2022a).

The mean estimated aquaculture production between
the period 1986- 1997 was approximately 4000 tons per
year. However, it reached 7500 tons in 1998. On the other
hand, after 2011, aquaculture production methods in Iraq
has improved. For example, fish farmers began to use
cages instead of earthen ponds for carp production and
concrete ponds for trout production. As a result of this, an
increase in fish production has been observed between
2011 - 2014. For example, the total fish production in Iraq
reached approximately 80,000 and 85,000 tons in 2012 and
2014, respectively. On the other hand, the Koi herpes virus
(Ababneh et al., 2020) and the decrease in the water level
of the Tigris and Euphrates rivers (Anonymous, 2022a)
caused a gradual reduction in fish production in Iraq after
2014. The production was reduced to approximately
51,000 tons in 2015 (Anonymous, 2022a). Moreover, as
indicated in Figure 2, total fisheries production in Iragq was
reported to be 62,673 tons in 2018 (World Bank, 2020). It
reached 241,848 tons (150,000 tons from aquaculture and
91.848 tons from wild catch) in 2020.

2014 2016 28

Figure 2. Total fisheries production (tons) in Iraq between 2008 and 2018 (World Bank, 2020)

The number of privately owned, registered fish farms is
about 1983, of which only ten have an area of 1000
hectares and the rest are smaller than 4 hectares. These
farms use freshwaters (rivers, streams) and well waters. In
Iraq, there is no marine fish farming operation
(Anonymous, 2022a).

The number of fish farms in Irag has been increasing
rapidly, especially after 2012. Currently, there are more
than 1742 earthen ponds with a capacity of 61,110,000 m?,
more than 1,330 cages with a capacity of 227,289 m? and
33 RAS (Recirculating Aquaculture System) farms with a

capacity of 31,535 m? in the whole of Irag. In addition, 16
trout salmon farms with a capacity of 30000 m? are present
in the north of Irag (Anonymous, 2022a).

There are only 25 carp hatcheries producing fingerlings
in Irag.

Wild catches

In 2020, there were 7,654 registered fishermen in Irag
and the production totaled 91,848 tons. In local markets,
82% of the fish produced was consumed as fresh, 14% as
alive and 4% as frozen. On the other hand, there are
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currently no fish processing factories established in Iraq
(Anonymous, 20223, b).

The data for the amount of local catches for some years
is limited (Taher, 2011; Nasir and Khalid, 2013), and there
is no information in the literature for wild catches for all of
Iragq (Anonymous, 2022a, b).

Institutions and centers specialized in researching
and developing fisheries in Irag

The Fisheries Research Center in the city of Al-
Zafaraniya was the biggest fisheries research center in
Irag. It contained three departments: education, nutrition
and diseases. The center published research studies and
assisted graduate students in completing their research.
The center contained ponds and small hatchery units for
experimental investigations. However, it was closed during
the previous regime and merged with Ebaa in 1990. Ebaa
Center for Agricultural Research included a department for
fish research and focused on improving fisheries in Iraq.
Ebaa Center is still closed. The Marine Sciences Center,
located in the city of Basra, focuses on specialized
scientific studies in marine sciences (Anonymous, 2022a).

The General Authority for Fisheries Development with
expertise in the fields of breeding, multiplication and
development of fisheries.was reconstituted in 2014

The central hatchery in Essaouira’s city is involved in
the production of fingerlings of three types of carp
(common, herbivorous and silver) to meet the needs of
fingerlings for fish farms. The hatchery also aimed to
produce fingerlings for stock enhancement of Iraqi local
fish species such as brown (Spangled emperor; Lethrinus
nebulosus) and kattan (Yellowfin barbell; Luciobarbus
xanthopterus) into inland waters.

There is only a single department at the College of the
Agriculture/University of Basra and it is the only
department that specializes in studying fish, where
students are awarded a bachelor’s degree. Also, all science
colleges in Baghdad, Mosul, Salah al-Din, Al-
Mustansiriya and the city of Erbil (Salah al-din University)
have recently opened departments on fish studies.

The fish resources directorate belongs to the general
directorate of animal resources under the Ministry of
Agriculture and Water Resources in Northern Irag.

Fish meat consumption in Iraq

Historically, fish consumption in Iraq reached an all-
time high of 4.30 kg per capita in 1979 and an all-time low
of 0.770 kg in 2003. Therefore, Iraq ranked 135th among
158 countries in terms of fish consumption in 2003.
However, fish consumption reached 2.90 kg in 2013.
Moreover, the consumption of fish meat in Irag has
increased gradually in recent years. For example, Iraq's
population was about 42 million in 2020 and annual fish
meat consumption per capita was approximately 10 kg
(Anonymous 2022a).

Apparent fish consumption in Iraq was estimated at
2.6 kg/capita in 2016. In 2017, imports of fish and fishery

products were estimated at USD 148 million and exports at
USD 80,000 (FAO, 2022).

Table 1. Type (ground soil pond, cages, RAS and trout)
and number of farms, their surface area and
production in Irag (Anonymous, 2022a, b)

Type of  No. of Capacity Production
farm farm (m?) (ton)
Ground
soil
1 1,742 61,110,000 12,063
pond
farm
2  Cages 1,330 227,289 9,101
3 ?As 33 31,535 1,650
arm
4 Trout 16 30,000 1,238
farm

Problems of the fishing industry in Iraq
The lack of fisheries framework and database

The General Authority for the Development of Fish
Resources was closed in 1989 by an arbitrary decision that
led to the dissolution of its specialists. Therefore,
currently, there is still no adequate reestablished
organizational structure for the Development of Fish
Resources in the Iragi Ministry of Agriculture.

Increase in fish production expenditures

Due to the lack of fish feed manufacturing facilities
productivity and food conversion ratio are negatively
affected and use of by-products in feed formulations are
limited. Consequently, cost of feed can sometimes reaches
up to 70% of the total production costs, reducing revenue
and profit. .

Limitation of the optimal use of the ingredients in
forming fish rations

Optimal limits of raw materials are generally not
considered when rations are formulated. For example, the
use of wheat, corn or soybean and other feed additives
above the optimal ratios at a given fish age may result in
decreases in digestion efficiency and lower feed
conversion ratio.

Genetic deterioration in carp

Carps were first imported from Hungary in 1955 for
aquaculture purposes. In 1982, new breeders were also
transferred from the same country. They have since been
used for breeding and farming. The absence of new
genetically engineered incubators has caused degradation
in some reproductive features of the introduced carp. On
the other hand, these strains indicated by low growth rates,
low feed conversion rate, elongation of the body and less
tolerance to diseases, led to the need to transfer new
genetically raised carp breeders.
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The negative impact of climate changes

The negative effects of climate changes on aquaculture
and fisheries have been observed since 2012. The high-
water temperatures resulted in favorable conditions for
newly introduced fish species, such as Crassious gibelio
(Shikhat, local name) in the Tigris River in the North of
Irag. This species has had a negative impact on carp and
barb populations.

Adverse effects on water resources due to increased
drought: Due to the increase in drought in recent years,
the amount of natural water resources has decreased and
the habitat of fish has disappeared in many water resources
in Irag. For example, the Al-Hawizeh marsh is one of the
largest wetlands in southern Irag. In the last two decades,
65% of a permanent marsh has been drained, resulting in a
significant loss of native aquatic flora and fauna. The
marsh was flooded again in April 2003 (Mohamed et al.,
2008).

Other Problems

Fish cultivation in Iraq is mainly carried out in ground
soil ponds, which require substantial land area and large
amounts of water. Modern fish farming technologies such
as cages and recirculating aquaculture systems (RAS) are
not used. Since there are no fishmeal and soybean meal
production facilities in lrag, these ingredients are
imported. Therefore, the cost of feed is quite high. Fish
processing and canning plants have not been established
yet in the country. There is also limited research on
intensification of local and commercial fish culture and
reducing feed costs. In addition, there are only a few fish
markets available for customers (Anonymous, 2022b).
Although annual fish consumption per capita in the world
reached 20.3 kg in 2018 (FAO, 2020), this value is lower
than half of the world average for Irag. In fishing,
problems such as use of illegal fishing gear, extensive
catch of undersized fish, and overfishing are major
problems. There are limited efforts focused on fisheries
research, water quality and disease diagnosis. Iraq, for
example, faced a major Koi herpes virus disease problem
in 2018. Because the samples were sent abroad for
diagnosis and a valid result could not be obtained, the
disease could not be diagnosed quickly, causing the
disease to spread to other populations and spread out of
control. The recent ban on marine fishing activities and
privatization of the fishing fleet has led to a decline in
marine fish production in Irag (Anonymous, 2022a).
Extensive bureaucracy in the country is also discouraging
for investors who are willing to invest in the field of
fisheries. Laws regulating fishing, exploitation and
protection of aquatic life were enacted in 1976 (Legislation
number: 48) so there is an urgent need for new regulations
in fisheries.

Potential solutions to develop the fishing industry in
Iraq

Creating a new fisheries framework

One of the most important point is to create a new
fishing framework by creating an updated organizational

structure. Preferably, the General Directorate should
include not only fish but also other aquatic animals. This
action will potentially cause an increase in fish production.
Laws regulating fishing, exploitation and protection of
aquatic life are more than 40 years old. Therefore,
regulations and laws need to be updated. For example, the
regulation on the prevention and activation of poaching in
Irag needs to be renewed, penalties for violators and illegal
fishermen should be increased and investment should be
encouraged by reducing bureaucracy. Updating the laws
will cause investors to implement large fish and other
aquaculture projects to increase production in Iraq.
Similarly, Abood and Mohamed (2020), also stated that
some management measures need to be taken in Basrah
inland fisheries, including the implementation of fish
regulations, in particular, the prevention of illegal fishing
methods and increasing fish production by releasing
fingerlings of cyprinid species to preserve them and
protect them from extinction and overfishing.

Fish-feed producing factories should be established to
reduce feed costs and increase the efficiency of the feed
conversion rate. Fish meal and fish oil constitute
approximately 70% of the cost of fish pellet feed.
Therefore, fish meal and fish oil factories should also be
established to reduce the production cost of fish pellet
feed. Consideration should be given to the use of high-
value additives of by-products such as fish meal and oil,
corn gluten meal, distillers' dried grain with solubles
(DDGS) and others when rationing.

New carp breeders should be imported to Iraq to
improve the genetic characteristics of carp, increase their
production and resistance to disease and climate change,
and also reduce production cost. For these reasons new
carp breeders were imported from Hungry in 2009 (Al-
Humairi et al., 2020). If necessary, the import should be
repeated. To increase fish production, present production
techniques should be transformed into semi-intensive
systems such as recirculating aquaculture systems (RAS),
hydroponics and aquaponics. Use of equipment for mass
culture of aquatic organisms such as automatic feeders and
blowers should be expanded. In this regard, in
coordination with the relevant authorities and developed
countries, it is necessary to participate in scientific projects
on increasing productivity per unit area, reducing water
use and decreasing costs.

The number of markets for fishery products are very
limited in Irag. This is a major problem for local anglers.
Therefore, the number of fishery markets should be
increased. In order to reduce competition between local
and imported fish, it is necessary to limit fish imports from
other countries during the local production period,
especially for carp. In order to increase the consumption of
fish to levels comparable to that of global consumption,
the importance of dietary seafood should be communicated
more effectively with the public. In Irag, laboratories
focusing on feed, water and soil analysis and diagnosis of
fish diseases should be established.
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Carp and barb populations have been adversely
affected by climate changes, especially in northern Irag.
The state, therefore, needs to produce large numbers of fry
and stock them in rivers and dams to compensate for losses
and increase carp and barb populations. A preliminary
study was initiated by the Duhok Governorate of Northern
Iraq with the stocking of approximately 200,000 carp fry
in the Tigris River (Anonymous, 2022b).

Conclusion

It can be concluded that aquaculture, wild catch, and
fish meat consumption have increased recently in Iraq, but
the fisheries sector needs more government support to
increase production. The implementation of scientific and
technological modernization can improve commercially
viable local fisheries, as well as increase aquaculture
production. In addition, strict management practices are
needed to increase the consumption of fisheries production
and to ensure the sustainable harvest of fisheries resources.
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Abstract: Today discard and fish species with low economic value as well as by products generated

Key words: during fish processing are in Turkey and around the world contain protein, fatty acids, vitamins and

minerals that are very beneficial for human health. It is possible to evaluate these stocks as a

Cryoprotectant functional food, which cannot be used effectively as human food, with using innovative formulation

Antioxidant strategies in the form of cryostabilized minced meat blocks. However oxidation of lipids and proteins

Oxidation especially during frozen storage causes quality losses. Antioxidants are widely used to prevent the

E'ro;en.storage lipid oxidation and cryoprotectants to delay protein denaturation. Due to the possible toxicity and
ish mince

carcinogenic effects of synthetic additives, the interest in using natural ingredients is increasing day
by day. For this reason it is important to stabilize the minced fish blocks during frozen storage which
are processed with natural cryoprotectants and antioxidants.

. Dondurarak Depolanan Balik Kiymasinin Stabilizasyonu
Anahtar kelimeler:

Kriyoprotektan Oz: Giiniimiizde, Tiirkiye’de ve diinya genelinde 1skarta ve ekonomik olmayan tiirler, bunun yaninda

Antioksidan isleme esnasinda ortaya ¢ikan yan {riinler, insan saglig1 agisindan ¢ok faydali protein, yag asitleri,

Oksidasyon vitamin ve mineralleri  i¢ermektedir. Insan gidast olarak yeterince‘ Aetlfin b_ir selfil_de

Dondurarak muhafaza degerlendirilemeyen bu stoklarin, soguk sokuna karsi dayanikli hale getirilmis (kriyostabilize

Balik kiymast edilmig) kiyma bloklar1 halinde, yenilik¢i formiilasyon stratejileri ile fonksiyonel gida olarak
degerlendirilmeleri miimkiin olmaktadir. Ancak ozellikle dondurarak depolama esnasinda lipidlerin
ve proteinlerin oksidasyonu kalite kayiplarna neden olmaktadir. Antioksidanlar lipid
oksidasyonunun engellenmesinde, kriyoprotektanlar ise, protein denatiirasyonunun geciktirilmesinde
yaygin olarak kullanilmaktadir. Sentetik katki maddelerinin olas1 toksisite ve karsinojenik
etkilerinden dolayi, dogal igeriklerin kullanilmasina yonelik ilgi her gegen giin artmaktadir. Bu
nedenle antioksidatif ve kriyoprotektif etkiye sahip igeriklerle islenen balik kiymasinin dondurarak
depolamadaki kararligi 6nem arz etmektedir.

Giris

Diinya su iriinleri tretimi 177.8 milyon ton olup,
bunun 157.4 milyon tonu insan tiiketimi amacl, 20.4
milyon tonu ise gida disi kullanilmaktadir (Birlesmis
Milletler (BM) Gida ve Tarim Orgiiti (FAO, 2022).
Tiirkiye’de toplam su iriinleri {iretimi 799.851 bin ton
olup, bunun 107 bin tonu balik unu ve yagi olarak

kullanilmakta, 2.768 bin tonu ise hig
degerlendirilmemektedir (Tiirkiye Istatistik Kurumu,
TUIK, 2022).

Diinyada ve iilkemizde hala hedef dis1 avcilik tiirleri ve
ekonomik olmayan tiirlerin avciligi yapilmakta olup, bu
tiirlerin sahip oldugu boy, kemiksi yapi, lezzet, goriiniis ve
tekstiirel Ozellikler tiiketicilerin olumsuz etkilenmelerine
neden olmaktadir. Bunun yaninda diger su {irlinlerinin
islenmeleri esnasinda tire gore degismekle birlikte
oldukga yiiksek oranda isleme yan iriinleri agiga

*Corresponding author: sebnem.tolasa@ege.edu.tr

¢ikmaktadir. Herbir tiiriin kendine has kompozisyonu,
sekli, boyutu farkli olmakla birlikte genel olarak %15-20
kirpint1 et agiga ¢ikmaktdir (Martinez-Alvarez vd., 2015).
Yan firtinlerin, bitki giibresi, hayvan yemi, katma degerli
gidalar ve spesifik maddeler olarak degerlendirilmeleri
miimkiin olmaktadir. Giibre olarak degerlendirilmeleri
diisik ekonomik degerli olurken, katma degerli gida ve
spesifik maddeler olarak degerlendirilmesi yiiksek
ekonomik degere sahip olmaktadir. Bu ekonomik olmayan
tiirlerin ve isleme yan iirlinlerinin etkin bir sekilde yeniden
yapilandirilmis katma degeri yiiksek {irlinler olarak
degerlendirilmeleri 6nem arz etmektedir. Bu nedenle bu
isleme yan {rlinlerinin kullanilabilmesi ig¢in, yeni
teknolojilerin gelistirilmesi ve endiistrinin
stirdiirtilebilirligi 6nem tasimaktadir. Balik kiymasi,
formiile edilerek yeniden yapilandirilan iriinlerin
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hazirlanmasinda, tekstiirel modifikasyonun saglanmasi
acisindan ¢ok ideal bir ham materyaldir. Dondurularak
depolanan su friinlerinde 6zelikle surimi ve balik
kiymasinda, lipid  oksidayonunun  ve  protein
denatiirasyonunun engellenmesinde veya geciktirilmesinde
antioksidanlar ve kriyoprotektanlar yaygin bir sekilde
kullanilmaktadir. Lipid oksidasyonunun engellenmesinde
veya geciktirilmesinde, toksisite ve karsinojenik
etkilerinden dolay1 sentetik antioksidanlarin yerine dogal
antioksidanlarin kullanimi ve yine protein
denatiirasyonunun  geciktirilmesinde, sekerin  saglik
iizerindeki negatif etkilerinden dolay1 sakaroz ve sorbitol
gibi ticari olarak kullanilan katki maddelerinin yerine
alternatif kriyoprotektanlarm kullanimi1 hergegen giin
yogun ilgi gormektedir. Bu nedenle yeniden formiile
edilen kiyma temelli {irinlerin {iretiminde dogal iceriklerin
kesfi ve bunlarin fiziko-kimyasal kalite iizerindeki
etkilerinin arastirilmasi 6nem arz etmektedir.

Balik kiymasu iiretimi

Balik kiymasi, kemikleri ve kil¢iklarindan arindirilarak
kiytlmis, yikanmamis balik eti olarak ifade edilmektedir.
Yiiksek kabul edilebilir nitelikteki kiyma temelli iiriinlerin
gelistirilmesi, mekaniksel olarak kemiksi yapilarindan
arindirillarak, yikama iglemi uygulanmamis balik
kiymasinin dondurarak depolama kararliliginin saglanmasi
ile miimkiin olmaktadir. Yikama islemi uygulanmamis
balik kiymast surimi gibi diger ara materyallere kiyasla,
balik kasma ait tiim proteinleri ve biyomolekiilleri
icermesi nedeniyle besinsel (suda ¢Oziinlir vitaminler,
proteinler, mineraller, yaglar) ve fonksiyonel agidan (etsi
tekstiir) avantajlar saglamaktadir. Buna ilaveten yikama
islemi gibi herhangi bir ara islem uygulanmadigi igin,
verim de daha yiiksek olmaktadir. Kiyma temelli iiriinlerin
iretiminde iki temel unsurun; balikk kiymasmin
kriyostabilizasyonu ve formiilasyonunun saglanmasi énem
arz etmektedir.

Ticari olarak balik kiymasinin hazirlanmasinda kalite
acgisindan bazi 6nemli olan unsurlar dikkate alinmalidir.
Balikk kiymasinin kalitesi, iireme donemi Oncesi ve
sonrasina gore de degisim gostermektedir. Bu donemdeki
baliklar, beslenme donemindeki baliklara kiyasla, yiiksek
nem igerigine ve buna bagli olarak daha diigiik yag ve
protein igerigine sahip olmaktadirlar.

Ayn1 zamanda kemiksi yapilarin yogunlugu da kalitede
etkili olmaktadir. Daha az kemik igeren tiirlerin
fonksiyonel ozellikleri de daha yiiksek olmaktadir.
Mekaniksel olarak kiyma isleminde dnemli olan, tiir bazh
islemin uygulanmasidir. Morina gibi gadoid tiirlerinde bag
ve i¢ organ ile birlikte kemiksi yapinin ¢ikarimi, levrek
gibi kiigik boyutlu orta su tirlerinde bas ve i¢ organ
¢ikarimi ve uskumru gibi pelajik yaglh tilirlerden, koyu
etlerin mekaniksel olarak ayriminin saglanarak, son
kiymada kan ve i¢ organ igeriginin minimize edilmesi ve
kriyostabilizasyonun saglanmasi gerekmektedir. Bu
tiirlerde fileto ¢ikarimi ve 3 mm gdzenek agiklig1 (pul ve
kemik pargalarinin uzaklagtirllmast igin) Onem arz
etmektedir. Enzimatik ve oksidatif reaksiyonlarin kontrolii

icin materyaller ve ortam sicakliginin 10 °C’nin altinda
tutulmasi 6nem arz etmektedir (Lee, 2011).

Dondurarak depolanan bahk kiymasinin lipid ve
proteinlerinde meydana gelen kalite degisimleri

Su {iriinleri sahip olduklar1 yiiksek omega-3 icerigi ve
elzem amino asitler agisindan olduk¢a degerli bir besin
kaynagidir. Ancak uzun zincirli ¢oklu doymamis yag
asitleri (w-3 PUFA), hem pigmentler ve demir, bakir gibi
metaller balik kasini lipid oksidasyonuna maruz birakan
onemli faktorlerdir. Balik lipidlerinin oksidasyona maruz
kalmasi, sadece ransidite (acilagsma) ve lezzet kaybina
neden olmakla kalmayip, ayn1 zamanda besinsel degerde
kayba ve toksik olan ikincil lipid oksidasyon {irlinlerinin
olusumu ile giivenlik acisindan da problemlere neden
olmaktadir. Bununla birlikte, lipid oksidasyon iiriinleri ile
proteinler, amino asitler, vitaminler ve kolesterol gibi balik
kasindaki bilesenler arasinda meydana gelen reaksiyonlar,
bozulmalara ve arzu edilmeyen degisikliklere neden
olmaktadir. Lipid oksidasyonu sonucu olusan serbest
radikallerin, proteinleri oksitleme potansiyeline sahip
oldugu ve kas proteinleriyle reaksiyona girdigi
bilinmektedir (Li ve King, 1999). Bu reaksiyonlar, genel
kalite kayiplarinin yaninda, besinsel degerde de kayiplara
neden olmaktadir (Nikoo ve Benjakul, 2015). Bu
kapsamda balik kiymasimnin kalitesi, sahip oldugu besinsel
degere, renge, lezzete, fonksiyonel dzelliklere (su baglama,
kohezyon-adhezyon, emiilsifikasyon, yag absorblama,
lezzet baglama, vizkozite ve ¢Ozilinirlik) ve taze
materyalin  baslangic  tazeligine gore  degisiklik
gostermektedir (Lee, 2011).

Balik kiymasindan hazirlanan iriinlerin lezzeti, sahip
olduklart serbest amino asit igerigine, niikleotitlere, iire
gibi karakteristik bilesenlerin varligina, yag orijinli ugucu
bilesenlerin varligina, lipid oksidasyonunun geligimine ve
isitma  islemi esnasinda olusan maylard reaksiyonu
sonucunda olusan liriinlerin varligina bagli olarak degisim
gostermektedir.

Dondurma ve dondurarak depolama, kalitenin
korunmasi ag¢isindan O6nemli teknolojilerdendir. Bu
teknolojide her ne kadar mikrobiyal bozulma etkili bir
sekilde kontrol altina alinsa da, su iiriinlerinin uzun siireli
dondurularak muhafazasi, depolama esnasindaki sicaklik
dalgalanmalari, tekrar eden dondurma-¢éziindiirme
islemleri, protein ve lipid oksidasyonu gibi kimyasal
bozulmalar1 durduramaz ve enzimatik reaksiyonlarin
ilerlemesine bagl olarak, fiziksel ve biyokimyasal
degisimler meydana gelir (Jiang vd., 1987, Matsumoto,
1979, Suzuki, 1981, Lian vd., 2000, Andersen ve
Jorgensen, 2004, Benjakul ve Visessanguan, 2011, Nikoo
vd., 2014, Nikoo vd., 2015., Nikoo vd., 2016).

Dondurma ve dondurarak depolama esnasinda
lipidlerde meydana gelen degisimler

Coklu doymamis yag asitlerince zengin olan tiirlerin,
mekaniksel kiyma islemine maruz kalmasi, dondurarak
depolama esnasinda balik kiymasimi oksidatif ransiditeye
kars1 hassas hale getirmektedir. Yikanmamis balik kiymasi
demir, bakir gibi pro-oksidatif bilesenleri biinyesinde
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bulundurur ve hem proteinler, ge¢is metalleri gibi pro-
oksidanlar pargalanmis olan ¢esitli hiicresel organellerden
serbest birakilabilir ve dagilabilir. Kiyma islemi, balik
etinin ylizey alanmin genisleyerek hiicre yapisinin
bozulmasima, doku yaglarinin atmosferik oksijene maruz
kalmasina ve kiyma esnasinda 1sinin yiikselmesinden
dolay1, balik dokusunun kararsiz hale gelerek oksidasyonu
tetiklemesine ve bu nedenle de, filetoya kiyasla mikrobiyal
ve kimyasal bozulmalara kars1 daha fazla hassas olmasina
neden olmaktadir. Lipid hidroperoksitleri, pro-oksidatif
gecis ve metal iyonlart arasindaki etkilesim lipid
oksidasyonunu tesvik ederek, asir1 serbest radikal
olusumuna neden olur (Lee, 2011, Liu vd., 2014). Aym
zamanda balik kasinda mevcut olan ve ¢oklu doymamis
yag asitlerinin oksidasyonunu baslatan lipoksigenazin,
prooksidan ve hemeglobinin serbest kalmasina neden
olarak ransiditeden sorumlu olan ugucu bilesenlerin
olusumunun hizlanmasina neden oldugu bilinmektedir
(Undeland, 1998, Medina, vd., 1999; Saeed ve Howell,
2001). Bu sebeple kiyma islemi diisiik sicakliklarda ve
mimkiin olan en erken donemde ve kisa siirede
gerceklestirilmeli ve kiyma igleminden hemen sonra derhal
tiir bazinda gerekli antioksidan ve kriyoprotektanlarin ilave
edilerek, dondurarak muhafazaya alinmasi Onem arz
etmektedir.

Dondurma ve dondurarak depolama esnasinda
proteinlerde meydana gelen degisimler

Dondurma ve dondurarak depolama balik kasinda,
miyofibriler proteinlerin denatiirasyonu ve agregasyonu
dahil olmak {izere bir dizi kalite degisimlerine yol agar.
Kas proteinlerindeki ciddi degisiklikler nedeniyle, kasin
tekstiirii degisime ugrar ve bu degisimler, denatiirasyon-
agregasyon olarak adlandirilir (Dyer, 1951; Sikorski vd.,
1976; Sikorski, 1978, Matsumoto, 1979; Shenouda, 1980;
Jiang ve Lee, 1985, Jiang, (1987)’de alintilandig1 gibi). Bu
stirecte balik proteinlerinin degisimi genellikle proteinlerin
kismi dehidrasyonu, donmamis fazda tuz
konsantrasyonunda bir artis ve lipidlerin, serbest yag
asitlerinin ~ ve/veya lipid  oksidasyon driinlerinin
proteinlerle etkilesimi ve trimetilamin oksitdimetilazin
(TMAO-az) etkisi ile iligkilidir (Benjakul ve
Visessanguan, 2011). Proteinlerin, serbest radikal
saldirilart i¢in ana hedef oldugu bilinmektedir (Davies,
2005). Fe (II) veya Cu (I) ve oksijen gibi gecis
metallerinin varligi, ¢ok cesitli metal katalizli oksidasyon
sistemleri,  proteinlerin  amino  asit  kalintilarim
oksitleyebilmektedir. Degisimlerin bir ¢ogu miyosin-
aktomiyosin sisteminde meydana gelmektedir (Sikorski
vd., 1976). Uzun siireli donmus depolamada proteinler
ozellikle de miyozin, oksidasyona ve denatiirasyona
olduk¢a meyillidir (Medina ve Pazos, 2010). Buz
kristallerinin olusumu, suyun osmatik olarak uzaklasmasi
ve hidrofobik etkilesimler, balik proteininin donma
kaynakli denatiirasyonunun baslica nedenleri olarak kabul
edilir. Balik kasinda en fazla miktarda bulunan protein
miyofibriler proteindir ve toplam proteinin yaklasik % 65-
75 ini olusturur. Dondurarak depolama esnasinda, balik
kasindaki miyofibriler proteinler, yiiksek molekiiler
agirlikli polimerler halinde toplanmaktadir (Jiang vd.,

1987). -18°C’ de uzun siireli depolanan balik etinin sertlik,
kuruluk, sikilik ve ¢ignenebilirlik degerlerinde belirli bir
artis goriilmektedir. Ozellikle miyosin agirlikli olmak
tizere  miyofibriler  proteinlerin  ¢oziiniirliliiglinde
azalmaya, kas liflerinin ATP kaynakli kasilmalarinin
kaybolmasina, miyosin ATP-az aktivitesinin diigmesine
neden olmaktadir (Benjakul ve Visessanguan, 2011).

Suyun cogunlugu miyofibriler flamentler arasindaki
bosuklarda bulunurlar ve miyofibriler proteinler su tutma
kapasitesi gibi fonksiyonel 6zellikler agisindan ¢ok biiyiik
oneme sahiptir. Bazi biyokimyasal 6zellikler ve pH, iyonik
kuvvet, kasin kasilma derecesi gibi biyofiziksel faktorler
etin su tutma kapasitesine etki ederler (Bertram vd., 2007).
Dondurarak depolama esnasinda gelisen tekstiirel sertlik,
buz kristallerinin olusumunun kas dokusuna zarar vermesi
gibi gelisen g¢esitli mekanizmalar, doku yapisinin
bozulmasi, etin su tutma kapasitesini, lezzet ve tekstiirel
degisimlerini hizlandirmaktadir (Yoon vd., 1991). Taze
materyalin  ve kiymanmn uzun sire buzda veya
dondurularak depolanmasi sonucunda meydana gelen
protein  oksidasyonu, miyosin  denatiirasyonuna,
miyofibriler proteinlerin ¢apraz baglanmalarma ve
agregasyonuna neden olarak, protein ¢oziniirliligi, jel
olusturma kabiliyeti, emiilsiyon olusturma ve su baglama
kapasitesi, su tutma kapasitesi, pisirme ve damlama kaybi,
vizkosite, tekstiirel 6zellikler gibi fonksiyonel 6zelliklerini
kaybetmelerine ve o6zellikle de duyusal ve besinsel
ozelliklerde arzu edilmeyen bazi kalite degisimlere neden
olurlar.

Dondurarak depolanan balhk kiymasimn lipid ve
proteinlerindeki Kkalite degisimlerinin antioksidatif/
kryoprotektif ozellikteki maddeler ile kontrol altina
alinmasi

Dondurarak depolama esnasinda su {irlinlerinde,
ozellikle balikk kiymasinda meydana gelen lipid
oksidasyonu ve protein denatiirasyonunu geciktirmek
ve/veya  engellemek  amagli  antioksidanlar  ve
kriyoprotektanlarin kullanimi, arzu edilmeyen bu Kalite
degisimlerini minimize edebilmektedir (Lee ve Lian, 2001;
Nikoo vd., 2015).

Kriyoprotektantlar, dondurarak depolamada {iriiniin
tekstiiriinde, tadinda, aromasinda ve renginde olusabilecek
kalite kayiplarin1 engellemek ve raf Omriinii artirmak
amactyla dondurma agamasindan Once gidalara katilan;
hiicresel donma hasarini engelleyerek miyofibriler
proteinlerin denatlirasyonunu ve agregasyonunu minimize
eden katki maddeleridir. (MacDonald vd., 1996; Mathew
ve Prakash, 2007; Walayat vd., 2022). Kriyoprotektanlar,
suyun ylizey gerilimini ve ayni zamanda bagli suyu
artirarak proteinleri, donma kaynakli denatiirasyona karsi
koryucu etki gostermektedir. Bu sayede kriyoprotektanlar
su molekiillerinin, proteinlerden cekilmesini geciktirerek,
proteinleri stabilize ederlerler. Dondurma ve dondurarak
depolamada suyun gogii, su-protein ve protein-protein
kompleksinde, hidrojen baglarinin dagilimiyla iliskilidir.
Kriyopropektanlar proteinlerin  fonksiyonel gruplarina
baglanarak, miyofibriler proteinleri stabilize etmekte ve
tekstiirel kalite kaybina neden olan capraz baglanmalar
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onleyerek, proteinlerin fonksiyonel ve yapisal 6zelliklerini
korumalarina yardimer olmaktadir. Capraz baglanmadan
sorumlu olan Ca?' iyonlarim selatlayarak uzaklagmasini
saglamakta ve tekstiirel sertligi minimize etmektedirler.
Aktin ve miyozin kompleksinden miyozini serbest
birakarak su baglamaya yardimci olmaktadir. Stabilize
edici etki, kriyoprotektanlarin, proteinin molekiilii igindeki
hidrofobik etkilesimleri giliglendirme etkisinden de
kaynaklanmaktadir (Benjakul ve Visessanguan, 2011).
Boylelikle, her bir protein molekiilii hidratli kriyoprotektan
molekiilii ile kaplanir ve bu sayede proteinlerin hidrasyonu
artarken, agregasyonu azalir (Mathew ve Prakash, 2007 ).

Gida endiistrisinde, miyofibriler proteinlerde donma
kaynakli meydana gelen denatiirasyonu engellemek amagli
ticari diizeyde farkli oranlarda kullanilan birgok kimyasal,
(amino asitler, sekerler, sorbitol, metil amonyum
bilesenleri gibi seker alkolleri, polidekstroz, laktitol,
maltodekstrin, litesse, sodium laktat, trehaloz, antifiriz
proteinler, fosfatlar ve tiirevleri) kriyoprotektan olarak
kullanilmaktadir. (Nielsen ve Pigott, 1994; Walayat vd.,
2022). Bu antifiriz ajanlar, dondurarak depolamada, pH y1
ayarlama (artirmak), iyonik kuvveti artirma, Ca ve Mg
iyonlarint selatlama ve miyosin ve aktinin ayrilmalarini
saglama gibi islev gorerek, vizkoziteyi diisiirmekte, suyun
tutulmasin1  artirmakta ve proteinin stabilizasyonunu
saglamaktadirlar (Okazaki ve Kimura, 2014).

Kriyoprotektanlarin se¢imi, kullanildiklar1 gidadaki
etkinliklerine, ekonomik olmalarma ve maylard
reaksiyonuna neden olma egilimlerinin diisiik oluslarina
gore segilmektedirler. Kriyoprotektanlarin, koruyucu
etkisi, dondurarak depolama periyotlarindan, veya bir kag
kez dondurma-¢dziindiirme siklusundan sonra, Ca?*-ATP-
az aktivitesi, ylizey hidrofobikligi, siilfidril ve disiilfit bag
icerigi, su tutma kapasitesi, ifade edilebilir nem, tuzda
¢Oziinebilir protein igerigi, jel kuvveti, tekstir ve
donmamisg su igerigi gibi denatiirasyon indekslerine gore
degerlendirilir (Nikoo vd., 2016, Jenkelunas ve Li-Chan,
2018).

Arzu edilmeyen tekstiir degisimlerini ve dondurma-
¢oziindirme  kayiplarini  minimize etmek amagli,
yikanmamig balik kiymasinin, dogal kriyoprotektif
maddelerle kriyostabilize edilmesi (soguk sokuna karst
koruyucu etki saglamasi), yeniden formiile edilmis kiyma
temelli triinlerin gelistirilmesi acisindan potansiyel bir
avantajdir (Lee, 2011).

Giintimiizde hala daha miyofibriler proteinlerin
stabilize edilmeleri amagh alternatif kriyoprotektanlar ve
karigimlarinin  kriyostabilize edici o6zelliklerinin tespit
edilmesine karsi yogun bir ilgi mevcuttur (Walayat vd.,
2022). Dondurulan deniz {riinlerinin  kalitelerinin
korunmasinda sakaroz ve sorbitol, ticari olarak kullanilan

en yaygin  kriyoprotektanlardandir, ancak  tath
olmalarindan  dolayi, tiliketiciler tarafindan tercih
edilmedigi icin, tatlihigt azaltacak dogal
kriyoprotektanlarin ~ kullaniomina olan ilgi  giderek

artmaktadir (Cheung vd.,
(2015)’de alintilandig gibi).

2009, Nikoo ve Benjakul,

Karbonhidratlar, proteinler ve peptitler, gida
hidrokolloidleri olup, kryoprotektan olarak bir ¢ok
islenmis gidanin fonksiyonel ve yapisal kararliliklarinda
onemli role sahiptir. Protein karbonhidrat etkilesimleri,
islenmis balik eti gibi igeriklerin ana maddesinin protein
oldugu durumlarda fonksiyonel ozellikleri
gelistirebilmektedir.  Nisastalar; tekstiirel 6zelliklerin
gelistirilmesinde ve dayanikliligin artirilmasinda, gamlar;
tekstlirel ve mekaniksel Ozelliklerin gelistirilmesinde,
yiiksek hidrofilik 6zellikteki konjak glukomannan (KGM)
jellesme, tekstiirel oOzellikleri gelistirme, yiiksek su
absorblama, buz kristallerinin olusumunu engelleme,
proteinleri dondurarak depolamada
denatiirasyon/agregasyona karst korumada (Zhang vd.,
2016) karragenan, tekstiirel Ozellikleri ve dayaniklilig
gelistirmekte, lifler de, jellesme, tekstiirel ve mekaniksel
Ozelliklerin  gelistirilmesinde  kriyoprotektan  olarak
kullanilmaktadirlar (Sanchez-Alonso vd., 2007; Cardoso
vd., 2007; Walayat vd., (2022)’de alintilandig1 gibi).

Seker temelli kriyoprotektanlara olasi bir alternatif,
ekonomik olmayan tiirlerden ve isleme yan iiriinlerinden
elde edilen proteinlerdir (Jenkelunas ve Li-Chan, 2018).
Balik kiymasi, surimi gibi farkli gida sistemlerinde, su
iriinlerinden elde edilen peptitlerin, donma kaynakli kas
proteinlerde meydana gelen denatiirasyonu, ticari
kriyoprotektanlara kiyasla etkin bir sekilde engelleyerek,
kriyoprotektif etki gosterdikleri bildirilmektedir. Ornegin
denizel kaynakli jelatin ve protein hidrolizatlarinin, deniz
rtinlerinin  dondurarak depolanmalar1  siirecinde ve
dondurma-¢oziindirme esnasinda dogal aktomiyosin
proteinlerinde (Korzeniowska vd., 2013) ve surimide
(Khan wvd., 2003; Kittiphattanabawon, vd., 2012;
Limpisophon vd., 2015), ayn1 zamanda balik kiymasinda
(Cheung vd., 2009; Mueller ve Liceaga, 2016; Nikoo vd.,
2015, Jenkelunas and Li-Chan, (2018)’de alintilandig:
gibi) meydana gelen kalite kayiplarini, ticari
kriyoprotektanlara kiyasla etkin bir sekilde minimize
ederek, kriyoprotektif etki gosterdikleri bildirilmektedir.
Yiiksek orandaki hidrofilik amino asit agisindan zengin
olan  protein  hidrolizatindaki ~ peptitlerin,  suyu
baglayabildigi ve buz formuna doniisecek olan suyun
goclini  azaltma etkisi  gosterdigini  bildirmektedir
(Harnedy ve FitzGerald, 2012; Kim ve Wijesekara, 2010;
Samaranayaka ve Li-Chan, 2011, Karnjanapratum ve
Benjakul, 2015, Nikoo ve Benjakul, (2015)’de alintilandigt
gibi). Bu sayede dondurarak depolamada, proteinlerin
yapisal stabilizasyonu saglanmaktadir.

Son zamanlarda yapilan ¢aligmalar, gida proteinlerinin
hidrolizinden elde edilen peptitlerin, kriyoprotektif
Ozelliklerinin yaninda ayni zamanda, sentetik fenollere
alternatif olarak iyi bir antioksidan kaynagi (Aluko, 2015;
Kim ve Wijesekara, 2010; Olsen vd., 2014; Pangestuti ve
Kim, 2013; Shahidi ve Ambigaipalan, 2015; Harnedy ve
FitzGerald, 2012; Mills, Stanton vd., 2011, Nikoo ve
Benjakul, (2015)’de alintilandigi gibi) oldugunu da
gostermektedir. Bu nedenle deniz {iriinlerinden elde edilen
peptitlerin, ticari antioksidan ve kriyoprotektanlara
alternatif, iki islevi ayni1 anda gergeklestiren dogal, giivenli
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katki maddeleri olarak, gida sistemlerinin kalitesinin
korunmasinda kullanilabilecegi bildirilmektedir.

Su baglama 6zelligine sahip denizel kaynakli olmayan
proteinler de dogal kriyoprotektan/antioksidan ozellikte
olup, dondurarak depolama esnasinda su firiinlerini
oksidasyona ve denatiirasyona karsi koruyucu etki
gostermektedirler. Siit protein konsantresi, soya protein
konsantresi gibi balik kasi icermeyen suda ¢oziilebilir
proteinlerin balik kiymasina ilavesi, dondurarak depolama
esnasinda adeta suda ¢oziinen sarkoplazmik proteinler gibi
davranarak, tekstiirel sertlife karst koruyucu etki
saglamaktadir (Yoon vd., 1991). Siit protein konsantresi
(SPK), arzu edilen lezzet gelisimini, baliksi kokunun
maskelenmesini ve tekstiirel gelisimi saglayan dogal
antioksidan  Ozellige sahip bir  kriyoprotektandir.
Dondurulmus balik kiymasinin fonksiyonel &zellikleri,
kriyoprotektan 6zellige sahip siit protein konsantresininin
(SPK) derhal kiymaya ilave islemi ile gelistirilebilmekte
ve balik kas proteinlerinin denatiirasyonunun kontrol altina
alinabilmesi miimkiin olabilmektedir. Balik kiymasina
ilave edilen siit protein konsantresi buz kristallerinin
olusumuna neden olan serbest suyun miktarini azaltarak,
homojen ve esit diizeyde buz kristallerinin olusumuna izin
vermekte ve miyofibrillerin arasinda sarkoplazmik
bosluklar1 doldurarak, miyofibriller arasindaki c¢apraz
baglanmalarin yogunlugunu engellemektedir. Bu sayede,
balik kiymasinin dondurarak depolanmasi esnasinda, etteki
su tutma kapasitesinin artirilmast ve tekstiirel sertligin
onlenmesi saglanabilmektedir (Lee, 2011; Yoon vd.,
1991).

Tartisma ve Sonu¢

Su iiriinleri sektoriinde isleme teknolojisinden arta
kalan yan friinler, yeterince degerlendirilemeyen
ekonomik degeri olmayan iskarta tiirler, ayn1 zamanda
asir1 aveilik gliniimiizin en biiyiikk sorunlarindandir. Bu
mevcut kaynaklarin en etkin bir sekilde
degerlendirilebilmesinde, isleme teknolojisi biiylik bir
firsat sunmaktadir. Bu sebeple tiir bazinda elde edilen
kiymalarin fiziksel/duyusal 6zelliklerinin ve dondurarak
depolama  dayanikliliklarinin =~ incelenerek,  uygun
formiilasyon stratejilerinin gelistirilmesi, yeni kiyma
temelli {irlinlerin endiistriye kazandirilmasi agisindan
onem arz etmektedir. Bu baglamda, su iiriinlerinden veya
diger gida kaynaklarindan tiretilen, farkli islevselliklere ve
biyoaktivitelere sahip alternatif dogal kriyoprotektan ve
antioksidan maddelerin aragtirilmasina ve bunlarin gidada
kullanimlarinin incelenmesine ihtiya¢ duyulmaktadir.
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Abstract: The number of alien fish species reported from the Turkish coasts has reached 80, while
those reported from the Aegean Sea coast is 44. On the other hand, the number of Lessepsian species
reported from the Izmir Bay is 15. The Lessepsian fish species reported from the lzmir Bay are
Saurida lessepsianus, Lagocephalus sceleratus, Siganus rivulatus, S. luridus, Scomberomorus
commerson, Bregmaceros nectabanus, Champsodon vorax, Etrumeus golanii, Stephanolepis
diaspros, Nemipterus randalli, Upeneus moluccensis, Hemiramphus far, Lutjanus argentimaculatus,
Acanthopagrus bifasciatus, Pterois miles, respectively. This review discusses the interaction of the
Lessepsian species with commercial fishing activities in Izmir Bay.

Izmir Kérfezi (Ege Denizi) Lesepsiyen Baliklar

Oz: Tiirkiye kiyilarindan bildirilen yabanc1 balik tiirii sayist 80'e ulasirken, Ege Denizi kiyilarindan
bildirilen yabanci balik tiirii sayis1 44'tiir. Diger taraftan, Izmir Korfezi'nden bildirilen Lessepsiyen
tirli sayist 15'tir. Izmir Korfezinden bildirilen Lessepsiyen balik tiirleri sirasiyla Saurida
lessepsianus, Lagocephalus sceleratus, Siganus rivulatus, S. luridus, Scomberomorus commerson,
Bregmaceros nectabanus, Champsodon vorax, Etrumeus golanii, Stephanolepis diaspros,
Nemipterus randalli, Upeneus moluccensis, Hemiramphus far, Lutjanus argentimaculatus,
Acanthopagrus bifasciatus, Pterois miles’tir. Bu derleme, Lessepsiyen tiirlerinin {zmir Korfezi'ndeki

ticari balik¢ilik faaliyetleri ile etkilesimini tartigmaktadir.

Giris

Siiveys Kanali’nin 1869 yilinda agilmasiyla Akdeniz
biiyiikk ekolojik degisimlere ugramistir (Golani, 1998).
Akdeniz yabanci tiir ¢esitliligi agisindan oldukga zengin
noktalardan biri olarak kabul edilmektedir ve kanalin
acilmasindan sonra bine yakin yabanci tir (baglica
mollusklar, krustaseler, poliketler, algler ve baliklar), basta
Dogu Akdeniz olmak {izere bolgeye yerlesmeye
baslamistir (Galil, 2000; Cinar ve Bilecenoglu, 2015).
Bunun yani sira Temmuz 2015'te Siiveys Kanali’na yeni
bir kanalin insasiyla kanal biiyiik ol¢lide genisletilmis ve
bu genisleme sonucu daha fazla Lesepsiyen tiiriin girisine
olanak saglamigtir (Galil vd., 2015). Kizildeniz yoluyla
Siiveys Kanali'ndan Akdeniz’e dogru olan bu harekete
kanalin miihendisi olan Ferdinand de Lesseps’e ithafen
‘Lessepsiyen gd¢’ bunu gergeklestiren tiirlere de
‘Lessepsiyen tiir’ ad1 verilmektedir (Por, 1978).

Egzotik tiirlerin ilk kolonizasyon alanlarindan biri ve
onemlisi cografik konumu nedeniyle Tiirkiye kiyilaridir.
Cmar vd. (2021) tarafindan 2020 yili itibariyle
kiyilarimizda toplam 539 yabanci tiir listelenmistir. Yine

*Corresponding author: okan.akyol@ege.edu.tr

Cmar vd. (2021) tarafindan gerceklestirilen son kontrol
listesinde, Tirkiye kiyilari boyunca dagilmis yerli olmayan
balik tiirlerinin sayisinin 80'e ulastigi rapor edilmistir.

Giliniimiizde kiiresel 1smmanin da etkisiyle egzotik
yabanct tiirler kuzey enlemlerine dogru da gittikge
yayilmaya baglamistir. Bilinen 80 yabanci balik tiiriiniin en
az 73’4 Akdeniz kiyillarimizda dagilim gosterirken, 44
yabanci balik tiirti Ege Denizi’nden kaydedilmis, 6 balik
tirii Marmara ve 3 balik tiirii ise Karadeniz’de dagilim
gostermeye baslamistir (Cinar vd., 2021). Bunlarin yayilim
hizlar1 da gorece olarak oldukca yiiksektir. Ornegin,
Indo-Pasifik  orijinli  balon bahg  Lagocephalus
sceleratus’un Akdeniz’de ilk kaydi 2003 yilinda Gékova
Korfezi’nden verilmisken (Akyol vd., 2005), bu tiir hemen
sonra 2006 yilinda Izmir Kérfezi’'nde (Bilecenoglu vd.,
2006), 2008 yilinda ise Marmara Denizi’'nde goriilmeye
baglanmistir (Irmak ve Altinagag, 2015). Balik son olarak
2017 yilinda Sinop  kiyillarindan  kaydedilmistir
(Bilecenoglu ve Oztiirk, 2018).
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Yabanci ve istilact tiirlerin  denizlerimizdeki
dagilimlari, popiilasyon yogunluklari, balik¢ilikla ve diger
tirlerle etkilesimleri tam olarak bilinememektedir. Ancak
giinlimiizde bu yabanci ve yayilimc tiirlerin potansiyel
fayda ve zararlari iizerine gerek akademik g¢evrelerin
gerekse balikgilik idaresinin ilgisi artmaya baslamustir.
Baz1 Lesepsiyen baliklar (6rnegin, ceylan baligi, pasa
barbunu, sokar baliklari, vb.) ekonomik deger arz ederken,
bazilar1 (balon baliklari, aslan baliklari, vb.) ciddi
problemler ortaya cikarabilmektedir. Istilac1 tiirlerin
sosyal, ekonomik ve hatta insan sagligi agisindan hayati
onemi nedeniyle pek ¢ok iilke bu tiirlerin alimi-satimi ve
tiketimi hususunda yasal diizenlemelere gitmektedir.
Tiirkiye de 4/1 Numarali Ticari Amacgli Su Uriinleri
Avciliginin Diizenlenmesi Hakkinda Tebligde (Madde 17-
4) balon baliklarinin avlanmasi, satilmasi ve tiiketilmesi
yasaklanmistir (Anonim, 2016). Daha sonra balon
baligmin aveiligi izne bagl olarak imha amagli serbest
brrakilmigtir (Teblig No: 2020/9). Yine son yillarda
Tiirkiye’'nin Akdeniz kiyilarindan giris yapan, hizla batiya
ve Ege Denizi'ne dogru niifuzunu arttiran aslan
baliklarmm (Pterois miles) olduk¢a zehirli oldugu
bilinmektedir. Bu tiir denizlerimiz i¢in endise veren bir tiir
olarak yakin izlemeye alinmistir.

Coker vd. (2010) Izmir Koérfezi balik tiir cesitliligini
1969-2009 yillar1 arasinda kirk yillik  dokiiman
taramalartyla toplam 226 tiir olarak tespit etmislerdir.
Akyol vd. (2011) ise yine bu kirk yillik donemde izmir ili
kiyilarinda nadir bulunan kikirdaklt ve kemikli balik
tirlerinin sayisini 76 olarak bildirmislerdir. 2011’lere
kadar korfezden dort Lesepsiyen balik tirii (Saurida
lessepsianus, Lagocephalus sceleratus, Siganus luridus ve
S. rivulatus) bildirilirken (Coker ve Akyol, 2011), hemen
bir sonraki yil listeye ceylan baligi da (Scomberomorus
commerson) eklenmistir (Metin ve Akyol, 2012). Aradan
gegen on yil igerisinde korfeze yeni girisler devam etmis
ve yildan yila tiir sayisi daha da artmustir.

Bu ¢alismanin amaci, balikgilik ve ekosistem agisindan
onemli bir bdlge olan Izmir Koérfezi’nde tespit edilmis
Lesepsiyen baliklarin bir listesini olusturmak ve tarihsel
bir degerlendirmesini yapmak; ayrica balik¢ilikla olan
potansiyel etkilesimini degerlendirmektir.

Yontem

[zmir Korfezi’nde balik ve balikgilik {izerine bugiine kadar
yiiriitiilen tiim ¢aligmalar derlenmis ve Lesepsiyen baliklar
kronolojik olarak listelenmistir. Caligmada sadece korfez
sinirlar1 igerisine girmis baliklar temel alinmis olup, Izmir
kiyillarindan ¢ikan tiirler listeye dahil edilmemistir.
Omegin, bir Lesepsiyen balon balig1 tiirii olan
Lagocephalus guentheri Izmir Kérfezi’nin hemen
kuzeyinde yer alan Candarli Korfezi’'nden kaydedilmesine
(Akyol ve Aydin, 2016) ragmen, korfezin disinda oldugu
icin listeye alinmamustir. Calismada, Urla Su Uriinleri
Kooperatifi iiyesi bazi balikgilarla goriistiilerek, listedeki
baliklarin resimleri tizerinden bu baliklarin giincel durumu
hakkinda  bilgiler ve teyit almmistir. Bilimsel
isimlendirmelerde ve tiirlerin dagilimlariin

belirlenmesinde FishBase (Froese ve Pauly, 2023) temel
almmustir.

Bulgular

Giiniimiize kadar Izmir Kérfezi igerisine girmis 15
Lesepsiyen balik saptanmis olup, bunlar korfeze giris
sirastyla asagida listelenmistir:

Saurida lessepsianus Russell, Golani & Tikochinski,
2015

Bu tiir (Sekil 1A) izmir Kérfezi’ne yerlesmis en eski
Lesepsiyen baliklardandir. Tiirtin ilk kayd1 bolge i¢in Ben-
Tuvia (1972) tarafindan verilmis olup, 1996 yilindan
itibaren korfezde bollasma siirecine girmistir (Coker ve
Akyol, 2011). Bu tir ‘lokum balig1’ adiyla o&zellikle
Gokova Korfezi’nde sikca pazarlanmakta, Izmir Kérfezi
balik mezadinda ise aymi isimle ancak az miktarda
pazarlanabilmektedir. Koérfezde bu tiirii hedefleyen balikg1
heniiz yoktur, 6zellikle Mordogan- Karaburun arasinda
uzatma aglarindan hedef dis1 tiir olarak ¢ikmaktadir.

Lagocephalus sceleratus (Gmelin, 1789)

Bu balon balig1 tiirii (Sekil 1B) Akdeniz’de ilk kez
2003 yilinda Gokova Korfezi'nde Akyol vd. (2005)
tarafindan kaydedilmistir. Bir siire sonra 21.04.2006
tarihinde bir birey (498 mm TL) Izmir Kérfezi Hekim
Adast’nin giineybatisindan (Koord.: 38°26°’N-26°45°E) 10
m derinlikte zipkinla elde edilmistir (Bilecenoglu vd.,
2006). Sonraki yillarda korfezden birkag adet daha
yakalansa da korfezde uzun siiredir goriilmemistir. Son
olarak, Kasim 2021°de Urla Esek Adasi’nin kuzeyinde
oltayla geng¢ bir birey daha yakalanmistir (E. Akgiin,
kisisel goriisme). Ozellikle karaciger, ovaryum ve
derisinde bulunan tetrodotoksin (TTX) nedeniyle kas felci,
solunum ve dolasim yetmezligine bagli oliimlere yol
acabilecegi i¢in tiiketimi yasaklanmugtir. Balik¢ilar tiirlin
insan saglig1 agisindan tehlikelerini farkindadir.

Siganus rivulatus Forsskal, 1775

Bu tlirden (Sekil 1C) korfez igin ilk bahis Geldiay
(1969)’a aittir. Ancak bu tirin o yillardan itibaren
korfezde bulunduguna dair eski balik¢ilardan teyit
almamamuistir. Tiir{in ilk resmi kaydi 14.04.2010 tarihinde
fanyal1 bir agla Urla kiyilarindan (Koord.: 38°22°N-
26°46°E) 3 m derinlikten yakalanan bir birey (179 mm TL)
olarak verilmistir (Gurbet ve Kara, 2013). Sonraki aylarda
Urla su drilinleri kooperatifinin balikk mezadinda karigik
balik sepetlerinde tek tiik satis1 yapilirken gozlemlenmistir
(Kisisel gozlem). ‘Beyaz sokkan’ adiyla anilan oldukg¢a
talep goren bu tiriin Ege Denizi’nde o6zellikle Gokova
Korfezi’'nde ticari aveiligi yaygin olarak yapilmaktadir.

Siganus luridus (Riippell, 1829)

Bolge i¢in bu tiirden (Sekil 1D) de ilk bahis Ben-Tuvia
(1972)’ya aittir. Ancak bu tiriin o yillardan varhig
siiphelidir ve bdlgenin eski balikgilar1 tarafindan teyit
edilmemistir. ‘Siyah sokkan’ adiyla bilinen bu tiirlin
korfezde ilk resmi kaydi 12.05.2010 tarihinde Urla
kiyilarindan yapilmis olup (Kara ve Akyol, 2011),
korfezden 17 bireylik (187-255 mm TL araliginda) bir siirii
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halinde tesadiifen fanyali aglarla 8 m derinlikten
yakalanmigtir. Sonraki yillarda 02.10.2013 tarihinde bir
birey (197 mm TL) daha Urla kiyilarinda (Koord.:
38°30°14°°N-26°47°00"’E) ticari bir fanyali uzatma agiyla
yakalanmistir (Akyol ve Aydin, 2016). Gokova Korfezi ve
asagisindaki koy ve korfezlerde avciligi yaygin olarak
yapilmaktadir.

Scomberamorus commerson Lacepede, 1800

‘Ceylan baligi, disli palamut, tombak’ gibi isimlerle
anilan bu tlriin (Sekil 1E) korfezde iki Dbireyinin
gectigimiz yillarda (2010 yili) kum denizi mevkiinden
(Karantina Adast’nin dogusu) yakalandigi balikgilar
tarafindan bildirilmistir (C. Giiven, kisisel goriisme). Bu
pelajik tiir ayn1 zamanda Giiney Ege’den Gokova ve
Gilliik Korfez’lerinde bilhassa girgir takimlariyla av
vermekte olup, Izmir Korfezi’nde fanyal aglarla tesadiifen
yakalanmistir. Yaklasik sekiz yil kadar sonra 06.10.2018
tarihinde ise Gediz Nehri mansabi agiklarinda (Koord.:
38°33°41”°N - 26°46°23"’E) bir girgir teknesiyle 35 m’den
bir birey (840 mm TL) tesadiifen yakalanmistir (Akyol ve

e ot o ™ h s Bhla s

Tosunoglu, 2019). Bu tiirlin ticari 6nemi oldukca fazla
olup, gelecekte korfez i¢in potansiyel bir hedef tiir olmasi
muhtemeldir.

Bregmaceros nectabanus Whitley, 1941

Lesepsiyen go¢men bir tiir olarak B. nectabanus’un
(Sekil 1F) bir bireyi (B. atlanticus eski adiyla, 66 mm TL),
Izmir Korfezi’nden ilk kez 01.12.2011 tarihinde Hekim
Adast’nin kuzeyinden (Koord.: 38°28” N-26°47" E) 50 m
derinlikte bir fanyali uzatma agindan ¢ikmistir (Aydin ve
Akyol, 2013). Daha sonra 09.09.2014 tarihinde yine
korfezden (Koord.: 38°23° N-26°46’ E) bir fanyali agdan
20 m derinlikten bir birey (95 mm TL) daha elde edilmistir
(Ozgiil ve Akyol, 2017). Son olarak, 25.03.2022 tarihinde
Kirdeniz mevkiinde (Koord.: 38°25°20°°N-26°46’21""E)
bu kez iki birey (53-63 mm TL) olarak bir girgir agi
vasitastyla yakalanmistir (Akyol, 2022). Bu tiiriin Ege
Denizi’nin bazi balik tirlerinin (Saurida lessepsianus,
Trachurus trachurus) besin kompozisyonuna déahil oldugu
bilinmektedir (Yilmaz vd., 2004; Filiz vd., 2007).

| a4
16 17

A

Sekil 1. izmir Korfezi’nden ¢ikan Lesepsiyen tiirler: A: Saurida lessepsianus, B: Lagocephalus sceleratus, C: Siganus
rivulatus, D: Siganus luridus, E: Scomberomorus commerson, F: Bregmaceros nectabanus, G: Champsodon
vorax, H: Etrumeus golanii, I: Stephanolepis diaspros, J: Nemipterus randalli, K: Upeneus moluccensis, L:
Hemiramphus far, M: Lutjanus argentimaculatus, N: Acanthopagrus bifasciatus, O: Pterois miles (Fotograflar: A,
B,C,D,E,F,G,H,1,J, K, L, M: O. Akyol; N: T. Sensurat-Geng; O: A. Lok; Olgek: G: 50 mm; J: 20 mm)
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Champsodon vorax Giinther, 1867

Bu tiir (Sekil 1G) Izmir Korfezi Karaburun
aciklarindan (Koord.: 38°41°N-26°36’E) 65 m derinlikten
bir trol agiyla bir birey (113 mm SL) olarak 06.09.2014
tarihinde yakalanmistir (Aydin ve Akyol, 2015). Hemen
ardindan 10.03.2015 tarihinde benzer bir birey (125 mm
TL) Uzunada agiklarindan (Koord.: 38°22°21°N-
26°45°54°E) 50 m derinlikten elde edilmistir (Akyol ve
Aydin, 2015). Ekonomik degeri olmadigi i¢in 1skarta
edilen bu tiire daha sonraki yillarda rastlanmamuistir.

Stephanolepis diaspros Fraser-Brunner, 1940

‘Dikenli ciitre’ adiyla bilinen bu tiir (Sekil 1), Izmir
Korfezi’nden ilk kez 27.10.2014 tarihinde Urla kiyilari,
Kumdenizi mevkiinde (Koord.: 38°21°N-26°48’E) bir
fanyali uzatma agiyla 6 m derinlikten bir birey (177 mm
TL) olarak yakalanmstir (Akyol ve Ozgiil, 2015).
19.10.2016 tarihinde 67 mm total boyda bir juvenil bireyi
ise Karantina Adasi 6niinden 8 m derinlikten fanyal bir
agla yakalanmistir (O. Akyol, yayinlanmamis veri). Daha
sonra, 22.06.2020 tarihinde 305 mm TL boyda bir birey
Yassicaada kiyilarinda (Koord.: 38°24.271 N-26°47.589
E) 18 m derinlikten oltayla yakalanmistir. Bu, diinya
capindaki en biiyiik boya sahip birey olmustur (Metin ve
Akyol, 2021). Bolgede son ii¢ yildir bollasmis olup,
uzatma aglarinda bolca ¢iktigi balik¢ilar tarafindan ifade
edilmektedir (E. Akgiin, kigisel goriisme). Tiiriin
ekonomik degeri yoktur ve bdlge balik¢ilari bu tiirii 1skarta
olarak denize geri atmaktadir.

Etrumeus golanii DiBattista, Randall & Bowen,
2012

‘Akdeniz hamsisi veya kizilgozli sardalya’ adiyla
antlan bu tiir (Sekil 1H), 13.10.2015 tarihinde Izmir
Korfezi Karaburun agiklarinda (Koord.: 38°33°46°°N-
26°36’34°’E) 63 m derinlikte kullanilan bir girgir agindan
¢ikan tek birey (180 mm TL) korfez i¢in ilk kayit olmustur
(Akyol ve Ulas, 2016). Ekonomik degeri olan bu tiir heniiz
girgir av kompozisyonuna ¢ok fazla girmemektedir.
Gelecekte hedef av olma hususunda potansiyeli
bulunmaktadir.

Upeneus moluccensis (Bleeker, 1855)

‘Pasa barbunu, pasa pantalonu, Nil barbunu’ gibi
isimlerle anilan U. moluccensis’in (Sekil 1K) bir bireyi
(124 mm TL), 18.12.2015 tarihinde Izmir Kérfezi
Karaburun agiklarindan (Koord.: 38°40°N-26°36’E) 80 m
derinlikte bir dip trolii vasitasiyla yakalanmistir. Yaklasik
bir ay sonra (29.01.2016) bir birey (115 mm TL) daha
Candarli Korfezi’'nden (Koord.: 38°53°N-26°52°E) 85 m
derinlikten elde edilmistir (Aydin ve Akyol, 2016). Son
olarak, Aralik 2022’de Giilbah¢e kiyilarindan bir birey
aragtirma amaclh trolden cikmustir (E. Akgiin, kisisel
goriisme). Bu tiir Gokova Korfezi’'ne kadar olan giiney
kiyilarimizda  bollugu nedeniyle ekonomik olarak
avlanirken, Izmir kiyilarinda popiilasyonu heniiz gok
artmadig1 i¢in hedef tiir olmaktan simdilik uzaktir.

Nemipterus randalli Russell, 1986

‘Kilkuyruk mercan’ ismiyle anilan bu tiir (Sekil 1J)
20.02.2016 tarihinde, Karaburun agiklarindan (Koord.:
38°44°N-26°33’E) bir dip trolilyle bir birey (183 mm TL)
olarak 90 m derinlikten yakalanmistir (Aydin ve Akyol,
2017). Ancak bu tiire bir daha bdlgede rastlanmamustir.
Gokova  Korfezi'nde  ekonomik  olarak  aveciligs
yapilmaktadir.

Lutjanus argentimaculatus (Forsskal, 1775)

‘Mangrov kizil levregi’ adiyla anilan bu tiir (Sekil 1M),
04.10.2018 tarihinde bir birey (305 mm TL) olarak Urla
kiyillarindan (Koord.: 38°22°N-26°47°E) bir galsama
agiyla 8 m derinlikten yakalanmistir (Akyol, 2019). Bu
ticari degeri olan tiire, korfezde bir daha rastlanmamustir.
Daha sonra bu tiir Yunanistan kiyilarinda da goriilmeye
baglanmistir (Tiralongo vd., 2019).

Hemiramphus far (Forsskal, 1775)

Bu tiirlin (Sekil 1L) Ege Denizi i¢in en kuzey kaydi
Foga agiklarindan verilmis olup (Akg¢a ve Bilecenoglu,
2010), 05.12.2018 tarihinde Gediz mansab1 agiklarinda
(Koord.: 38°34°240 N-26°46°533 E) 40 m derinlikten bir
birey (210 mm TL) girgir agiyla yakalanmistir (Akyol ve
Tosunoglu, 2020). Ekonomik olan bu tiiriin bdlgede heniiz
bollastigina dair bir isaret bulunmamaktadir.

Acanthopagrus bifasciatus (Forsskal, 1775)

Bir Sparid tiirii olarak A. bifasciatusun (Sekil 1N) bir
bireyi (335 mm TL) 22.12.2018 tarihinde, izmir Kérfezi
Karaburun kiyilarindan (Koord.: 38.6299°N-26.5242°E)
bir fanyali uzatma agiyla 3 m derinlikten ele gegirilmistir.
Bu kayit ayn1 zamanda Ege Denizi i¢in ilk kayit olmustur
(Sensurat-Geng vd., 2020). Bu tiiriin ekonomik degeri
olmasina ragmen, bolgede bir daha rastlanmamuistir.

Pterois miles (Bennett, 1828)

‘Aslan balig’ adiyla bilinen bu tiiriin (Sekil 10) bir
bireyi (309 mm TL) 18.03.2021 tarihinde, Karaburun
kiyilarinda (Koord.: 38°65°N-26°52°E), 36 m derinlikte, 9
Eylil vapuru resif batigmin pervane boslugunda tespit
edilerek sualt1 videolar1 gekilmistir (Orug vd., 2022). Bu
tirlin o tarihten beri korfezden yeni bir kaydina
rastlanmamugtir. Oldukga lezzetli bir tiir oldugu bilinen
aslan baliginin popiilasyonunun kontrol altina alinabilmesi
i¢in restoran meniilerine dahil edilmesi iizerine ¢aligmalar
yapilmaktadir. Bu yoniiyle tiiriin bolge balik¢ilarina
ekonomik fayda saglama potansiyeli vardir.

Sonuc¢

Izmir Korfezi’ne Lesepsiyen balik girisi muhtemelen
ilk S. lessepsianus tiirii ile 1970’1 yillarin baginda
baglamis olup, gegen yarim asirlik siire boyunca en son
2021 yilinda aslan baligi (P. miles) ile on besinci tiir olarak
listeye girmistir. Balon balhig1 (L. sceleratus) 2003 yilinda
ilk kez kaydedildigi Gokova Korfezi’nden ii¢ yil sonra
Izmir Korfezi’ne giris yapmis olmakla beraber, ilging bir
sekilde korfezde invasif/yikict etkisi gozlemlenmemistir.
Halbuki balon baliklarinin izmir ve Hatay kiyilarinda kiy1
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balik¢ilarina yarattig1 zarar lizerine yapilan bir ¢aligmaya
gore (Unal vd., 2015), 261 kisilik balike1 kitlesiyle yapilan
anket sonuclart balik¢ilarin  %78’inin balon baliklar
nedeniyle ekonomik kayip yasadiklarini, yine balik¢ilarin
%89 unun balon baliklarinin avlarini azalttigini, %82’sinin
ise bunlarin denizel biyo-gesitliligi olumsuz etkiledigine
inandigin1 ortaya koymustur. izmir kiyilarinda balon balig
balikgilarla bir etkilesime girdiyse de bu olumsuz etki en
azindan  simdilik  korfezin  balikgilart  agisindan
gozlemlenmemistir. Bu durum aslan baligi (P. miles) i¢in
de gegerlidir. Bu balik simdilik sadece Karaburun
civarinda sinirlanmig  goriinmektedir. Aslan baliginin
bolgedeki popiilasyon egilimleri takip edilmeli ve stogunu
azaltict  yonde tire Ozgii Onlemlerin  alimmasi
saglanmalidir.

Korfeze giris yapmis Lesepsiyen tlirler arasinda,
popiilasyonunu en ¢ok arttiran S. diaspros (dikenli ¢iitre
balig1) gibi goriinmektedir. Oyle ki, 2016’da tesadiifen
yakalanan juvenil bir birey tiiriin korfezde tiredigine de
isaret etmektedir. Yine korfezde rastlanan C. vorax ve B.
nectabanus tiirlerinin hi¢bir ekonomik degeri yoktur;
ancak bu kii¢iik boyutlu tiirler diger predatdr tiirlerin besin
kompozisyonunda rol oynamaya baslamislardir (Yilmaz
vd., 2004; Filiz vd., 2007).

Bolgede balik¢ilik ekonomisine katki verme olasilig
en yiiksek olan tiirler S. luridus ve S. rivulatus’tur. Onlar
U. moluccensis, H. far ve N. randalli tiirlerinin izlemesi
kuvvetle muhtemeldir. S. commerson, E. golanii, L.
argenimaculatus ve A. bifasciatus tiirleri i¢in ise bir yorum
yapmak i¢in daha fazla veriye ihtiyag vardir.

Izmir Kérfezi, konumu ve verimliligi goz oniine
alindiginda gelecekte pek cok egzotik tiire ev sahipligi
yapacak  gibi  goriinmektedir.  Korfez, mevcut
biyo-gesitliligi ile Ege Denizi’'ne olan iiretim katkist
yaninda balik¢iliga sagladigi ekonomik katkilari nedeniyle
de ¢ok 0Ozel bir balik¢ilik alanmidir. Gelecekte korfezde
ekolojik degisimlere bagli olusabilecek yabanci tiirlerin
istilalarinin biyo-ekolojik olarak izlenmesi, istilanin olasi
bazi zararli etkilerine karsi Onlemler alinmasi yaninda,
varsa ticari faydali tiirlerin ekonomiye kazandirilmast igin
caligmalar yapilmalidir. Bu yeni tiirlerin balik¢ilara
tanitilmasi, fayda-zarar analizlerinin yapilmasinda ve
ylizlerce tiir i¢in lireme ve gelisim alani olarak korfezin
Ege Denizi biyo-gesitliligine katkisim siirdiriilebilir
kilmak icin balik¢ilik idaresi, iiniversiteler ve balik¢i
kooperatiflerinin isbirliginin saglanmasi1 gereklidir.

Cikar Catismasi

Yazar ¢ikar ¢atigmasi olmadigini beyan etmektedir.

Etik Onay

Bu ¢aligma i¢in etik kurul onayima gerek yoktur.
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Abstract: In this study, 75 chub mackerels that were caught in the Canakkale Strait in Tiirkiye
between October to December, 2019, were examined for the presence of parasites. The length and
weight of all fish were measured and the external body area, oral cavity, nostrils, fins, and gills were
examined. Gill samples were examined under a stereomicroscope and all suspicious findings were
preserved in 99.99% ethanol. The mean length and weight of fish were 24.844+0.39cm and
146.01+7.16 gr, respectively. It was determined that the collected parasite is Grubea cochlear, a
monogenic helminth belonging to the Mazocraeidea family. The chub mackerel, in which the
specimen of G. cochlera was isolated among the gill filaments, was a female with a total length of
18.5 cm and a weight of 49.80 gr. This finding of Grubea cochlear isolated from the gills of chub
mackerel is the first record of this species in this region.

Canakkale Bogazi’ndan Yakalanan Kolyoz Baliginda (Scomber japonicus)
Monogenean Helmint Grubea coclear Diesing, 1858’in Varhgi

Oz: Bu galigmada, Ekim-Aralik 2019 tarihleri arasinda Canakkale Bogazi'nda (Tiirkiye) avlanan 75
kolyoz (Scomber japonicus) Baligi incelenmistir. Tiim baliklarin boy ve agirliklar: 6lgiilmiis, dis
viicut bolgesi, agiz boslugu, burun delikleri, yiizgecler ve solungaglar incelenmistir. Solungag
ornekleri stereo mikroskopta incelenmis ve tiim slipheli buluntular %99,99’luk etanolde
saklanmistir. Baligin ortalama boyu ve agirhgi sirasiyla 24.84+0.39cm ve 146.01+7.16 gr idi.
Toplanan parazitin Mazocraeidea familyasina ait monogenik bir helmint olan Grubea cochlear
oldugu belirlendi. Solungag lamelleri arasindan G. cochlera drneginin izole edildigi kolyoz, toplam
uzunlugu 18.5 cm ve agirligi 49.80 gr olan disi bir bireydir. Kolyozun solungaglarindan izole edilen
Grubea cochlear bulgusu, bu tiiriin blgedeki ilk kaydidir.

Introduction

Although the members of the Scombridae family are
very common in the Atlantic, they are extensively fished in
the Mediterranean (Costa et al., 2007; Costa et al., 2011).
Members of the Scombridae family such as Scomber
japonicus Houttuyn, 1782 and Scomber colias Gmelin,
1789, are mostly preferred in the Mediterranean cuisine.
Chub mackerel is particularly important both in terms of
food in human nutrition and fish feeding in aquaculture.
The total catch of chub mackerels amounted to
approximately 1.360 million tons (FAO, 2022).

Parasitic infections of wild fishes are very common
(Feist and Longshaw, 2008). Parasites primarily use their
hosts as a nutritional and reliable breeding ground. They
increase the chances of mating and breeding when they
meet the host and the host provides the necessary
nutritional conditions (Rohde 1977, 1979, 1993; 1994;

*Corresponding author: ruhayaldik@gmail.com

Ramasamy et al. 1985; Koskivaara et al. 1992; Cavaleiro
and Santos 2011). Ectoparasites of fish are observed in the
body areas where the host contacts with the external
environment and the gill lamellae that are in direct contact
with the water are particularly a target for infestation
(Koskivaara et al. 1992). Castro and Santos (2013)
reported that many parasite species that were not
previously observed in mackerels are observed in the gills.

Studies on monogenean parasites belonging to the
family Mazocraeida (Price, 1936) indicate that members of
this family infest the gills of scombrids (family
Scombridae). Grubea cochlear (Mazocraeida) was first
described by Karl Moriz Diesing in 1858. In 1968, it was
found in the gills of S. scombrus from the coasts Tunisia
and the former Yugoslavia (Rohde, 1986). In 1975, G.
cochlear was isolated from Sarda chilensis of the coasts of
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Baha California. It was later isolated from S. scombrus and
S.japonicus in the Mediterranean and the Western Atlantic
(Rohde, 1986). G. cochlear was also isolated from chub
mackerel from coasts of Italy and Spain in the
Mediteraanean (Mele, 2014). In this study, the occurrence
of G. cochlear in the gills of chub mackerel (S. japonicus)
caught from the Canakkale Strait is reported.

Material and Methods

In this study, 75 chub mackerels that were caught in the
Canakkale Strait in November 2019 were examined for the
presence of ectoparasites. Initially, the length and weight
of all fish were measured. Then, the external body area,
oral cavity, nostrils, fins, and the gills were examined.
Samples taken from fish were examined in detail under a
stereo zoom microscope (Zeiss Stemi 508-8:1) and
photographs were taken using a digital camera. All
suspicious findings were stored in absolute ethanol. For
further examination, samples were removed from ethanol,
softened in glycerin and examined under a binocular light
microscope at different magnifications. ldentification of
the parasite was carried out according to Rohde and
Watson (1985a, b), Rohde (1986, 1989), Xiao-Ming and
Jian-Ying (2009), Lyndon and Vidal-Martinez (1994).

Results and Discussion

Only one specimen of Grubea cochlear was isolated
from a total of 75 chub mackerels (S. japonicus) examined.
The mean total length and weight of all fish examined
were 24.84+0.39 cm and 146.01+£7.16 gr, respectively
(Figure 1). The chub mackerel in which Grubea cochlear

was found among the gill filaments was a female with a
total length of 18.5 cm and weight of 49.80 gr.

The length of the Grubea cochlear specimen was 7.77
mm (Figure 2) and had 4 masochraid suction discs with
different diameters (329.37 pm, 380.038 um, 326.713 um,
283.018 um) (Figure 3, 4). The opisthaptor length of the
specimen was 2.8 mm, which constituted about a third of
the total body length (Figure 3).

Although rarely observed in the Scombridae family,
the monogenean Grubea cochlear was reported earlier
from Morocco, Portugal, Spain, Tunisia and the former
Yugoslavia in the Mediterranean (Rohde, 1986; Bray,
2001; Kohn et al., 2006; Strona et al, 2010; Mendoza-
Garfias et al., 2017; Derbel et al., 2022). It was also
reported from scombrids caught from other parts of the
world such as Brazil and the North Sea (Rohde, 1986). G.
cochlear was also isolated from the Turkish waters. Tareen
(1982) isolated G. cochlear from S. scombrus in the
Aegean Sea and this was the first record for Turkey (Ozer,
2021).

Two other closely related species, G. australis and G.
sinensis were also reported from the gills of scombrids.
G.australis was reported from the gills of S. australasicus
in southeast Australia and G. sinensis was reported from
the gills of Pneumatophorus japonicus in China (Xiao-
Ming & Jian-Ying, 2009). G. cochlera has a relatively
large opisthaptor that contains much more advanced
suction discs than G. australis (Rohde, 1986) and G.
sinensis. There are also differences in the number of small
genital hooks, the shape of the opisthaptor and the
direction of the opisthaptor (Xiao- Ming & Jian-Ying,
2009).

Figure 1. A group of the examined specimens of chub mackerels (Original)
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Figure 2. The observed specimen of Grubea cochlear and its respective body measurements (Original, scale bar: 1mm)

Figure 3. Suction organs and diameters of opisthaptors (Original, scale bar: 1 mm)

Figure 4. The suction disc of the observed specimen (Original)
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The Presence of the Monogenean Helminth Grubea cochlear Diesing, 1858 from Chub Mackerel (Scomber japonicus)
Caught in The Canakkale Strait, Tiirkiye

The occurrence and prevalence of G. cochlear is very
limited in wild scombrids. The prevalence of G. cochlear
isolated from S. scombrus was only 2.5 %. Mele (2014)
reported the prevalence of G. cochlear as 10%. Similar to
other studies, the prevalence of this species in the present
study was very low and only 1 specimen was found among
75 examined fish corresponding to a prevalence of 1.3%.

The Canakkale Strait constitutes an important fishing
area and aggregation zone where many species of pelagic
species such as mackerels, bluefishes, chub mackerels and
bonitos migrate annually between the Aegean Sea, the Sea
of Marmara and the Black Sea (Rozakes, 1987; Oguz et
al., 2000; Keser et al., 2007). Such periodic and temporary
mass aggregations of different species of fishes in confined
areas may also help facilitate spread of rare parasites such
as G. cochlear in wild fish populations. This is the first
report for the presence of ectoparasitic helminth Grubea
cochlear isolated from the gills of chub mackerels in the
region.

Conflict of Interest

The authors declare that there are no conflicts of
interest.

Author Contributions

All authors contributed to the results and preparation of
manuscript.

Ethics Approval

Ethics committee approval was not required since the
article studied dead fish and parasites.

References

Bray, R.A. (2001). Monogenea, in: Costello, M.J. et al.
(Ed.) (2001). European register of marine species: a
check-list of the marine species in Europe and a
bibliography of guides to their identification.
Collection Patrimoines Naturels, 50: pp. 142-146.

Cavaleiro F.I., & Santos M.J. (2011) Site selection of
Acanthochondria cornuta (Copepoda:
Chondracanthidae) in Platichthys flesus (Teleostei:
Pleuronectidae). Parasitol 138(8):1061-1067.
doi:10. 1017/s0031182011000606

Castro, R., & Santoz M.J. (2013). Metazoan ectoparasites
of Atlantic mackerel, Scomber scombrus (Teleostei:
Scombridae): macro- and microhabitat distribution.
Parasitol Res (2013) 112:3579-3586
DOI 10.1007/s00436-013-3543-8

Costa, G., Freitas N., Dellinger T.H., & MacKenzie K.
(2007). Gill monogeneans of the chub mackerel,
Scomber japonicus from Madeiran waters of the
Atlantic Ocean, Portugal. Journal of Helminthology
(2007) 81, 33-38.

Costa, G., Cavallero S., D’Amelio S., Paggi L., Santamaria
MTG., Perera CB., Santos MJ., & Khadem M. (2011).
Helminth parasites of the Atlantic chub mackerel,

Scomber colias Gmelin, 1789 from Canary Islands,
Central North Atlantic, with comments on their
relations with other Atlantic regions. W. Stefan’ski
Institute of Parasitology, PAS. Acta Parasitologica,
2011, 56(1), 98-104. doi: 10.2478/s11686-011-0006-1.

Derbel, H., Chaari, M., & Neifar, L. (2022). Checklist of
the Monogenea (Platyhelminthes) parasitic in Tunisian
aquatic vertebrates. Helminthologia. 59(2): 179-199.,
available online at https://doi.org/10.2478/helm-2022-
0012.

FAO, (2022). The State of World Fisheries and
Aquaculture 2022, Towards Blue Transformation.
Rome, FAO. https://doi.org/10.4060/cc0461en

Keser, R., Bray, R. A., Oguz, M. C., Celen, S., Erdogan,
S., Doguturk, S., Aklanoglu, G., & Marti, B. (2007).
Helminth parasites of digestive tract of some teleost
fish caught in the Dardanelles at Canakkale, Turkey.
Helminthologia, 44, 4. 217 - 221.
doi 10.2478/s11687-007-0035-3.

Kohn A., Cohen s. C., & Salgado-Maldonado G. 2006. —
Checklist of Monogenea parasite of freshwater and
marine fishes, amphibians and reptiles from Mexico,
Central America and Caribbean. Zootaxa 1289: 1-114.

Koskivaara, M., Valtonen, E.T., & Vuori, K.M. (1992)
Microhabitat  distribution and  coexistence  of
Dactylogyrus species (Monogenea) on the gills of
roach. Parasitol 104:273-281

Lyndon A.R., & Vidal-Martinez V.M., 1994. The
Microhabitat and Morphology of Grubea cochlear on
The Gills of Mackerel from Lyme Bay, Southern
England. J.mar. biol. Ass. U.K. (1994), 74, 731-734

Mele, S., Pennino M.G., Piras, M.C., Bellido, J.M.,
Garippa, G., & Merella P. (2014). Parasites of the head
of Scomber colias (Osteichthyes: Scombridae) from the
western Mediterranean Sea. W. Stefanski Institute of
Parasitology, PAS. Acta Parasitologica, 2014, 59(1),
173-183; ISSN 1230-2821.
DOI: 10.2478/s11686-014-0207-5.

Mendoza-Garfias B., Garcia-Prieto L., & Pérez-Ponce De
Leon G. (2017). Checklist of the Monogenea
(Platyhelminthes) parasitic in Mexican aquatic
vertebrates. Zoosystema. 39 (4): 501-598., available
online at https://doi.org/10.5252/z2017n4a5.

Oguz, M., Gure, H., Ozturk, M. O., & Savas, Y. (2000). A
study of Anisakis simplex (Rudolphi, 1809) in some
economically important teleost fish caught on the
Canakkale coast and throughout the Dardanelles
Straits. Tiirk. Parazitol. Dergisi, 24: 431 — 434.

Ozer, A. 2021. Checklist of Marine, Freshwater, and
Aquarium Fish Parasites in Turkey. Turkish Marine
Research Foundation (TUDAV) Publication No: 62,
Istanbul, Turkey. 311 p

Ramasamy, P., Ramalingam, K, Hanna, R.E.B., & Halton,
D.W. (1985). Microhabitats of gill parasites
(Monogenea and Copepoda) of teleosts (Scomberoides

93



Aldik and Cakar, COMU J Mar Sci Fish, 6(1): 90-94 (2023)

spp.). Int J Parasitol
doi:10.1016/ 0020-7519(85)90023-2.

Rohde, K. (1977). A non-competitive mechanism
responsible for restricting niches. Zool Anz 199:164—
172.

15(4):385-397.

Rohde, K. (1979). A critical evaluation of intrinsic and
extrinsic factors responsible for niche restriction in
parasites. Am Nat 114:648-671.

Rohde, K. (1986). Grubea australis n. sp. (Monogenea,
Polyopisthocotylea) from Scomber australasicus in
southeastern Australia, and Grubea cochlear Diesing,
1858 from S. scombrus and S. japonicus in the
Mediterranean and western Atlantic. Syst Parasitol
9(1):29-38

Rohde, K. (1989). Kuhnia sprostonae Price, 1961 and
Kuhnia scombercolias Nasir and Fuentes Zambrano,
1983 (Monogenea, Mazocraeidae) and  their
microhabitats on the gills of Scomber australasicus
(Teleostei, Scombridae), and the geographical
distribution of 7 species of gill Monogenea of Scomber
spp. Systematic Parasitol 14(2):93-100.
d0i:10.1007/bf00016903

Rohde, K. (1993). Ecology of marine parasites, 2nd edn.
CABI, Oxon.

Rohde, K. (1994). Niche restriction in parasites: proximate
and ultimate causes. Parasitol 109:69-84.

Rohde, K., & Watson, N. (1985a). Morphology and
geographical variation of Pseudokuhnia minor n. g., n.
comb. (Monogenea: Polyopisthocotylea). Int J Parasitol
15(5):557-567. doi:10.1016/0020 7519(85)90053-0

Rohde, K., & Watson, N. (1985b). Morphology,
microhabitats and geographical variation of Kuhnia
spp. (Monogenea: Polyopisthocotylea). Int J Parasitol
15(5):569-586. doi:10.1016/0020-7519(85)90054-2

Rozakes, C.L. (1987). The Turkish Straits (Ingilizce).
Martinus Nijhoff Publishers. s. 1. ISBN 9024734649.
Erisim tarihi: 1 Agustos 2017.

Strona, G., Stefani, F., & Galli, P. (2010). Monogenoidean
parasites of Italian marine fish: An updated checklist.
Italian Journal of Zoology. 77(4): 419-437., available
online at https://doi.org/10.1080/11250001003614841.

Xiao- Ming, W., & Jian-Ying Z. (2009). Studies on
Monogenea of Chinese Marine Fishes (XVII). One
new species of the genus Grubea (Mazocraeidae,
Grubeinae) from Guangdong, China. Journal of South
China normal University (Natural Science Edition),
2009, 1(4), 97-99.

94



Instruction for Authors

COMU Journal of Marine Science and Fisheries (COMU J Mar Sci
Fish) covers the research on all aspects of Marine Science and Fisheries
presented as original articles, reviews, short communications, case study,
reports and letters to Editor. COMU Journal of Marine Science and
Fisheries is published two times (July and December) (e-ISSN: 2651-
5326) in a year, operates double-blind peer-review process, and therefore
the authors should remove their name and any acknowledgment from the
manuscript before submission. The author names, corresponding author's
name, affiliations, address, phone number, e-mail address and ORCID
numbers should be given on the title page only. COMU Journal of Marine
Science and Fisheries is an Open Access journal, which means that all
content is freely available without charge to the user or his/her institution.
Users are allowed to read, download, copy, distribute, print, search, or link
to the full texts of the articles, or use them for any other lawful purpose,
without asking prior permission from the publisher or the author. This is
in  accordance  withthe  Budapest  Open Access Initiative
(BOAI) definition of Open Access. Original articles and reviews are
limited to 25 pages, including tables, figures, and references. Short
communications, technic note, reports and case studies are are limited to
10 pages including tables, figures and references. Letters to Editor are
limited to 3 pages. Letters to the Editor are limited to 3 pages, including
tables and explanations.

Avrticle Submission

1) Articles should be written in Turkish or English. Turkish translation of
the title, keywords and abstract of the manuscript for foreign authors will
be provided by our journal office.

2) All manuscript for COMU Journal of Marine Science and Fisheries
should be submitted electronically through the website of the journal
which can be accessed at https://dergipark.org.tr/tr/pub/jmsf,

3) The manuscripts should not be previously published or accepted for
publication and should not be submitted or under simultaneous
consideration for publication elsewhere.

4) The editorial board has the right to perform necessary modifications
and a reduction in the manuscript submitted for publication and to express
recommendations to the authors. The manuscripts sent to authors for
correction should be returned to the editorial office within a month. After
pre-evaluation and agreement of the submitted manuscripts by the
editorial board, the article can only be published after the approval of the
field editor and referees specialized in the particular field.
5) All responsibilities from published articles merely belong to the
authors. According to the ethical policy of our journal, plagiarism/self-
plagiarism will not be tolerated. All papers are detected for their
originality — using  plagiarism  check  software  (iThenticate
software http://www.ithenticate.com). Manuscripts with a similarity
index of 30% or less will be accepted for further reviewing. Manuscripts
with higher similarity than 30% are examined in detail and, if necessariy,
sent back to authors for review and correction. Manuscripts are rejected
when plagiarism is detected.

6) Authors must indicate the name of institute approves the necessary
ethical commission report and the serial number of the approval in the
material and methods section. If necessary, the editorial board may also
request the official document of the ethical commission report. If an
ethical problem is detected (not reporting project information, lack of
ethical committee information, conflict of interest, etc.), the editorial
board may reject the manuscript at any stage of the evaluation process.

7) Authors should take into account the issues listed in the “Ethical
Principles and Publication Policy” section regarding scientific research
and authors.

8) The journal does not charge any article submission, article-editorial
processing or publication charges (page or color charges). There is no
copyright fee for the authors.

Preparation of the Manuscript

The manuscript should be prepared in MS Word format (.doc veya .docx)
by using Times New Roman font (12 pt) and double-spaced, 2.5 cm
margins of all edges. The Latin expression such as species names of
bacterium, virus, parasite and fungus and anatomical terms must be
written in italic character keeping their original forms. Original drawings,
figures, images etc. must be submitted with the original manuscript.
Original manuscript (short communication, technical note) should be
arranged as Title page, Abstract, Key words, Introduction, Materials and
Methods, Results and Discussion, Acknowledgements, Conflict of
Interest, Author Contributions, Ethics Approval and References.
Reviews should be arranged as Title page, Abstract, Key words,
Introduction, Discussion, Acknowledgements, Conflict of Interest, Author

Contributions and References. Line and page numbers should be given
from the first page (abstract) of the manuscript. Abbreviations must follow
International rules and defined at their first mention in the text. The
symbols should be selected in accordance with the international usage and
defined where it is first used. The entire article (including text, references,
figures and tables) should be given in a single file. Figures and tables
should be inside the manuscript placed properly).

Title Page

Title: Must be short and informative and full title should be capitalized for
first letter of each word.

Authors: Names and surnames of the authors will be written in capitalized
letter for the first letter of each word and the address of the author(s)
should be linked by superscript numbers, and listed beneath the title.
Corresponding author must be indicated (*) in the author names and must
be added address, phone number, and e-mail address. ORCID numbers of
all authors should be given on the article.

Subheadings

Level 1: Centered, bold, initials capitalized rest small (Article Title),
Level 2: Left justified, bold, initials capital, rest small (Introduction,
Materials and Methods etc.),

Level 3: A tab inside, bold, only the first letter of the title is capitalized,
the rest is small, with a dot at the end,

Level 4: A tab inside, bold, italic. only the first letter of the title is
capitalized, the rest is small, with a dot at the end.

Abstract
Briefly give the objectives, methods, results and conclusions and it should
not exceed 300 words.

Key words
Authors must give up to 6 key words which identify the subject covered
by the paper. All keywords should be written using a comma after all.

Introduction

Should indicate the subject of the article which is generally based on a
brief interpretation of the related literature. The novelty and the aim of the
study should be clearly stated. The introduction should be general enough
to attract a reader’s attention from a broad range of scientific disciplines.

Material and Methods

This part contains a brief and clear description of the materials and
methods used. Subtitles can be given as appropriate. Detailed descriptions
of materials or participants, comparisons, interventions and types of
analysis should be mentioned. For experimental studies carried on
animals, the authors should mention whether the institutional and national
guide for care and use of laboratory animals was respected and also
indicate the approval of the local Ethical Committee in this part of the
manuscript. Statistical analysis etc should be explained briefly as a sub-
title in this section.

Results and Discussion (separate or together)

The data and results of the research (tables and figures) must be clearly
and concisely defined and a comparison with related literature citations
should be made as appropriate. Significant findings can be briefly
summarized as a conclusion in the last paragraph. Detailed interpretation
of data should not be included in the results but should be put into the
discussion section.

Tables and Figures

Table and Figure titles should be short and informative. Descriptive titles
should be given at the top of the tables and at the bottom of the figures.
Figures and tables should be inside the manuscript placed properly (not at

the end of manuscript).

Legends of illustrations should be listed after the list of references labelled
“Figure 1, Figure 2...”unless there is only one figure, in that case the
caption should labelled as “Figure”. In addition, figures will be requested
from the authors when necessary after the referee reviews are completed.
Files should be saved as TIFF or JPEG at least 300 dpi resolution.
Tables should be given at the end of the manuscript with a caption or
legend (e.g. Table 1, Table 1..), in case there is only one Table, it should
be labelled as “Table”. Tables should be prepared by using Table tool in
Word format.

Acknowledgements
Supporting institutions or individuals, project numbers, thesis work etc are
briefly acknowledged just before the references. (if any)


https://dergipark.org.tr/tr/pub/jmsf
http://www.ithenticate.com/

Conflict of Interest

The authors should declare whether there is a conflict of interest. For
examples;

= The author declares no conflict of interest.

= The authors declare that there are no conflicts of interest.

The authors have no affiliations with or involvement in any organization
or entity with any financial interest, or non-financial interest in the
subject matter or materials discussed in this manuscript.

John Smith declares that he has no conflict of interest. Paula Taylor has
received research grants from Drug Company A. Mike Schultz has
received a speaker honorarium from Drug Company B and owns stock
in Drug Company C.

.

Author Contributions

Author contributions should be stated in the manuscript. Author

contributions should be included in the manuscript by the authors after the

referee evaluation process of the article is completed and accepted by the

editor.

For examples;

= D. Nak, E. Kuruoglu and Y. Nak, planned and designed the research. Z.
M. Ekici, D. Koca, T. Avcilar, M. E. Sahin and A. H. Shahzad provided
help in the clinic process. M. O. Ozyigit and Z. Avci Kupel: made
histopathological examinations. All authors discussed the results and
contributed to the final manuscript.

* D. Cayan and E. Unur conceived the ideas of the study and writing
manuscript; D. Cayan, M. Nisari, D. Patat and E. Dagli performed data
collection and analysis; H. Akalin performed gene expression stages.

Ethics Approval

Animal and human experiments conducted in the manuscript research
should comply with the ARRIVE guidelines, EU Directive 2010/63/EU
and National Ethics Committee for Animal Experiments (HADMEK,
HADYEK). If the submitted article involves the use of animal (vertebrate)
and human subjects, authors should prove that they have carried out the
manuscript studies in accordance with the relevant laws and regulations
and they have received the approval of the authorized institutional
committees ( the ethics committee name and number). If the study did not
require ethics approval, this should also be detailed in the manuscript. An
explanation should be added to the article with the title of "Ethics
Approval™ after the Author Contributions section.

References

All references should be provided in accordance with APA 6 style. The
usage of reference managers such as Endnote can be used to organize the
references. APA 6th output format should be used in writing the
references.

« The in-text citation to the references should be formatted as surname(s)
of the author(s) and the year of publication: (Bingel, 1981) or (Uysal ve
Avsar, 1994).

For citations with more than two authors, only the first author’s name
should be given, followed by “et al.” and the date. (Giicii et al., 2016).
If the cited reference is the subject of a sentence, only the date should
be given in parentheses, i.e., Erkoyuncu (1983), Pauly et al. (1978).
When its needed to cite two or more references together, in-text citations
should be arranged alphabetically in the order in which they appear in
the reference list, i.e. (Bingel, 1978; Gulland, 1987; Holden ve Raitt,
1974) or (Kocatas, 1978, 1979, 1981) or (Avsar ve Bingel, 1988a,
1988b).

All citations should be listed in the reference list. References should be
listed alphabetically ordered by the author’s surname, or first author’s
surname if there is more than one author at the end of the text.

DOI number (if available) should be added at the end of the reference.
A dot should not be placed after the DOI information.

In the web references can be reached online only, the web address (full
URL) and connection date should be added at the end of the reference
information.

References should have the order of surnames and initial letters of the
authors, (the year of publication). Title of the article, title of the journal,
volume (issue number), page numbers and doi: xxxxxx. The article title
should only start with the first letter capital in the first word, lower case
if the rest is not a special name. The journal title should be italic and
spelled out fully, and each word should start with a capital letter
(Fisheries Research, Journal of Fisheries and Aquatic Sciences).
Volume should be written in italics e.g. volume (issue number).

The citation of journals, books, book chapters and articles published
online should conform to the following examples:

Journal article

« Baran, B. (2010). Scaphopod species (Mollusca) of the Turkish

Levantine and Aegean seas. Turkish Journal of Zoology, 38(2), 190-

209. doi:10.3906/z00-0902-12

Ak, 1., & Tiirker, G. (2018). Antioxidant properties and phytochemicals
of three brown macro algae from the Dardanelles (Canakkale)
strait. Agricultural Science and Technology, 10(4), 354- 357. doi:

10.15547/ast.2018.04.065

Jonsdottir, R., Sveinsdottir, K., Magnuisson, H., Arason, S., Lauritzsen,
K., & Thorarinsdottir, K. A. (2011). Flavor and quality characteristics
of salted and desalted cod (Gadus morhua) produced by different salting
methods. Journal of Agricultural and Food Chemistry, 59(8), 3893-

3904. doi: 10.1021/3f104203p

Book

» Meilgaard, M., Civille, G. V., & Carr, B. T. (1999). Sensory evaluation
techniques (3rd ed) (387 p. CRC Press, Inc. ed.). Boca Raton, FL: CRC
Press.

» Parsons, T.R., Matia, Y., & Lalli, C.M. (1984). A manual of chemical
and biological methods for seawater analysis. New York: Pergamon
Press.

= Ozdamar, K. (1997). Paket programlar ile istatistiksel veri analizi I.
Eskisehir: Kaan Yayin evi.

Book chapter

« Sikorski, Z. E., & Ruiter, A. (1995). Changes in proteins and nonprotein
nitrogen compounds in cured, fermented, and dried seafoods. In Z. E.
Sikorski, B. S. Pan & F. Shahidi (Eds.), Seafood Proteins (pp. 113-126):
Springer.

Proceedings

= Soultos, N., Lossifidou, E., Lazou, T. & Sergedilis, D. (2010).
Prevalence and antibiotic susceptibility of Listeria monocytogenes
isolated from RTE seafoods in Thessaloniki (Northern Greece). In S.
Cakly, U. Celik, C. Altinelataman (Eds.), West European Fish
Technologists Association Annual Meeting 2010 (pp. 94-98). izmir,
Turkey: Bildiriler Kitabi.

Werlinger, C., Mansilla, A., Villarroel, A., & Palacios, M. (2009).
Effects of photon flux density and agricultural fertilizers on the
development of Sarcothalia crispata tetraspores (Rhodophyta,
Gigartinales) from the Strait of Magellan, Chile. In M. A. Borowitzka,
A. T. Critchley, S. Kraan, A. Peters, K. Sjotun & M. Notoya
(Eds.), Nineteenth International Seaweed Symposium: Proceedings of
the 19th International Seaweed Symposium, held in Kobe, Japan, 26-31
March, 2007. (pp. 307- 315). Dordrecht: Springer Netherlands.

Thesis

« Lauritzsen, K. (2004). Quality of salted cod (Gadus morhua L.) as
influenced by raw material and salt composition. (PhD Dissertation),
University of Tromse, Tromsg, Norway.

Electronic (web) resources

= Andrews, T. (2010). What vitamins are found in fish? Access date:
27.11.2012, http://www.livestrong.com/article/292999-what-vitamins-
are-found-in-fish

* FAO (2018). FAO Yearbook of Fishery Statistics/Global Production
Statistics 1950-2015. Access date: 24 January 2018,
http://www.fao.org/fishery/statistics/global-production/query/en/

Proofs

One set of proofs will be sent to the corresponding author as given on the
title page of the manuscript. Only typesetter's errors may be corrected; no
changes in, or additions to, the edited manuscript will be allowed.
Subsequent corrections will not be possible, so please ensure your first
sending is complete.

Copyright Notice

Upon submission of a manuscript to COMU-JMSF, a copyright release
form should be completed as part of the submission process. Copyright
release form can be accessed trough
https://dergipark.org.tr/en/journal/2332/file/. Authors who submit articles
should download, sign and scan the form and submit it via the system.
Manuscripts of authors who do not submit copyright release form along
with the manuscript will not be accepted for further reviewing. By
completing copyright release form, all authors affirm that the manuscript
has not been submitted for publishing to elsewhere. When the manuscript
is accepted COMU-JMSF holds the exclusive right to publish and
reproduce the article in any form.



http://www.livestrong.com/article/292999-what-vitamins-
http://www.fao.org/fishery/statistics/global-production/query/en/
http://www.fao.org/fishery/statistics/global-production/query/en/
https://dergipark.org.tr/en/journal/2332/file/

5326

e-ISSN 2651




	dergi Kapak 2023.pdf
	kapak ve kurullar2.pdf
	JMSF-2022-025-mizanpaj (1-14).pdf
	JMSF-2023-001-mizanpaj (15-23).pdf
	JMSF-2023-002-mizanpaj (24-32).pdf
	JMSF-2023-005-mizanpaj (33-43).pdf
	JMSF-2023-009-mizanpaj (44-55).pdf
	JMSF-2023-003-mizanpaj (56-69).pdf
	JMSF-2022-026-mizanpaj (70-75).pdf
	JMSF-2023-004-mizanpaj (76-82).pdf
	JMSF-2023-006-mizanpaj (83-89).pdf
	JMSF-2023-010-mizanpaj (90-94).pdf
	dergi arka Kapak.pdf

