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Abstract: This study describes phytoplankton abundance and diversity from site 1 (downstream) and site 2
(upstream) of Auranga Estuary (20°63” N and 72°82’ E). A Total of 44 species of phytoplankton were recorded,
35 species from downstream and 24 species from upstream. The assessed abundance was 129 cells/mL and 86
cells/mL from the downstream and upstream, respectively. Bacillariophyceae (19) was the dominant group
followed by Chlorophyceae (10), Cyanobacteria (07), Dinophyceae (07), and Chrysophyceae (01). Nitzschia,
Coscinodiscus and Ceratium were abundant genera at site 1 and Spirogyra, Microcystis, Chlorella and
Oscillatoria were abundant at site 2. Nitzschiaceae and Zygnemataceae had highest family contribution at the
downstream and upstream, respectively. Members of Bacillariophyceae and Cyanobacteria were present in high
numbers throughout the year. The abundance of Chlorophyceae did not fluctuate greatly. Chrysophyceae
(Chromulina pascheri) was observed during the summer period. Spatially, downstream had higher species
diversity and abundance than upstream whereas winter season was favorable for plankton growth compared to
summer and monsoon. Species dominance (Site 1: 0.238; Site 2: 0.257) richness (Site 1: 1.13; Site 2: 1.36),
evenness (Site 1: 0.88; Site 2: 0.79) and diversity were assessed using alpha biodiversity indices. The Shannon
diversity index was 1.417 and 1.268 for downstream and upstream, respectively. It indicates less diversity level
in this estuary.

Key words: Phytoplankton, Diversity, Distribution, Seasonal Variations, Diversity Indices

Auranga Halici (Valsad Bolgesi, Gujarat, Hindistan)'nde Fitoplankton
Biyogesitliligi ve Bollugu

Ozet: Bu calisma, Auranga Halig'in (20°63' N ve 72°82' E) 1. bolge (akint1 alt1) ve 2. bolge (akintr iistii)
alanlarinda fitoplankton bollugu ve ¢esitliligini agiklamaktadir. 35 tiir akint1 altindan ve 24 tiir akint1 Gistiinden
olmak tlizere toplam 44 fitoplankton tiirli kaydedilmistir. Fitoplankton bollugu akint1 alt1 ve akint1 {istiinden
sirastyla 129 hiicre/mL ve 86 hiicre/mL olarak belirlenmistir. Bacillariophyceae (19) baskin grup olup, onu
sirastyla Chlorophyceae (10), Cyanobacteria (07), Dinophyceae (07) ve Chrysophyceae (01) izlemistir.
Nitzschia, Coscinodiscus ve Ceratium, 1. boélgede ve Spirogyra, Microcystis, Chlorella ve Oscillatoria, 2.
bolgede bol miktarda bulunmustur. Nitzschiaceae ve Zygnemataceae, sirasiyla akimti altt ve akinti {istii en
yliksek familya katkisina sahipti. Bacillariophyceae ve Cyanobacteria iiyeleri y1l boyunca ¢ok sayida mevcuttu.
Chlorophyceae'nin bollugu biiyiik 6lgiide dalgalanma gostermedi. Chrysophyceae (Chromulina pascheri) yaz
doneminde gozlenmistir. Mekansal olarak, akinti alti, akint1 Gistiinden daha fazla tiir ¢esitliligine ve bolluguna
sahipken, kis mevsimi, yaz ve musonla karsilastirildiginda tiirlerin biiylimesi i¢in elverisliydi. Tiir baskinlig: (1.
Bolge: 0.238; 2. Bolge: 0.257) zenginlik (1. Bolge: 1.13; 2. Bolge: 1.36), dogruluk (1. Bolge: 0.88; 2. Bolge:
0.79) ve gesitlilik, alfa biyogesitlilik indeksleri kullanilarak degerlendirilmistir. Shannon ¢esitlilik indeksi, akinti
altt ve akint1 iistil i¢in sirastyla 1.417 ve 1.268 olarak belirlenmistir. Bu, Hali¢'te daha az gesitlilik seviyesini
gostermektedir.

Anahtar kelimeler: Fitoplankton, Cesitlilik, Dagilim, Mevsimsel Degisimler, Cesitlilik Indeksleri
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Introduction

Since estuaries have been called as the "Nurseries
of the Sea”, the proper monitoring of diversity and
ecology of phytoplanktonic flora in estuaries is a
major impetus for marine biological research in order
to increase diversity of many species of fishes,
benthos and birds that depend on estuaries for
foraging and nesting areas. An estuary is a dynamic
ecosystem that serves various ecological niches for
living beings; it is a productive, nourishing area, a
crucial source for biotic and abiotic elements.
Unfortunately, in recent years, anthropogenic
pressure is declining the biotic diversity reducing the
health status of many estuaries in India. The release
of enormous quantities of sewage into the estuarine
ecosystems has caused considerable ecological
imbalance and resulted in large scale disappearance
of estuarine flora and fauna (Elliott & Whitfield,
2011). The plankton in estuaries include a great
variety of species, even more so than in freshwater
(Daborn & Redden, 2016). Phytoplankton include
some of the bacteria, some protists and most single-
celled as well as high number of multi-cellular
microscopic plants in both marine and freshwater
habitats. Common groups of phytoplankton are
diatoms,  blue-green  algae, green  algae,
dinoflagellates and chalk-coated coccolithophores.
Their microscopic sizes can be compensated by their
enormous abundance and high productivity (Lalli &
Parsons, 1997). Phytoplankton are extremely
important from the standpoint of monitoring water
quality since they are the first group to respond to
changes in nutrient conditions in an ecosystem
(Santhanam et al., 2019). Thus, some phytoplankton
species are widely used to assess the water quality
(Thakur et al., 2015). Plankton are the prime
indicator species of health and wealth of an aquatic
ecosystem (Singh et al., 2013). It is evident that
phytoplankton removes carbon more efficiently than
terrestrial plants and thereby helps in the control of
global warming (Santhanam et al., 2019). The
phytoplankton assemblages are highly diverse with
the seasonal fluctuations in ecological niches
(Nowrouzi & Valavi, 2011). Usually, the diversity of
phytoplankton is higher in coastal environments due
to the high amount of nutrients. The spatiotemporal
pattern has an immense impact on the water quality.
The qualitative and quantitative evaluation of
phytoplankton highlight the existence and diversity of
heterotrophic organisms; in tropical estuaries, the
phytoplankton assemblages are strongly influenced
by water stratification and meteorological system
(Narmada et al., 2015). According to Oseji et. al.,
(2019), the productivity and structure of an aquatic
ecosystem is dependent on the variety of species and
abundance of phytoplankton. The variety and relative
abundance of species are the components
incorporated in diversity (Hosmani, 2010). However,
comprehending species diversity based on a single
parameter is very difficult; thus ecologists have

established several other diversity models and indices
to help understand it easier. Specifically, alpha
diversity indices are useful tools for monitoring the
trophic systems. Diversity indices that are used to
assess ecosystems consist richness, abundance, and
evenness (Meng et al., 2020).

In earlier studies, Thakur et. al., (2015),
Sarvankumar et. al., (2008), Ram, (1991), Ram et.
al., (1988), Kardani, (2011), George et. al., (2015),
and George et. al., (2012) investigated the
phytoplanktonic flora in different estuarine systems
of Guijarat state. The present study focuses on
seasonal and temporal variations of the biodiversity
and composition of the phytoplankton community in
Auranga Estuary of Gujarat state, which have not
been adequately described yet. Auranga Estuary is
dissected with creek systems forming extensive
mudflats covered with mangroves. Although
industrial inputs are limited, Auranga Estuary is
subject to anthropogenic pressure due to the biggest
dumpsite of Valsad. The Tithal seashore nearby
Auranga Estuary is dominated by tourism and is also
being promoted for eco-tourism by the state
government. The aim of the present study was to
investigate  phytoplankton  species  diversity,
abundance and its temporal variation in the Auranga
Estuary, west coast of India. The sites were selected
on the basis of confluence of fresh fluvial water from
upper reaches and coastal water from lower reaches
as well as earlier screening process.

Materials and Methods
Study Area

Auranga River originates near Bhervi village and
flows via Valsad city and finally reaches the Arabian
Sea. Geographically, Auranga Estuary is located at
20°63> N and 72°82° E with an altitude of 614m
(Narmada, Water resources, Water supply and
Kalpsar Department, Gujarat, 2010). The River is 97
km long with a catchment area of 699 sg/km. It is
exposed to high anthropogenic pressure with the
biggest dumping site present nearby this Estuary and
little industrial pressure. The selected sites for the
present study were (1) Downstream- Near Divadandi
light house, Kosamba (20°63°28 N and 72°89°37 E)
and (2) Upstream- Near Lilapore Causeway
(20°62°96” N and 72°92°30” E) with distance of
approximate 3 - 4 km (Figure 1).

Sampling

The phytoplankton samples were collected
bimonthly from a depth of 0.5-8 m during the period
from January 2019 to December 2019 covering three
consecutive seasons: winter, summer and monsoon.
The samples were collected from the northern bank to
the southern bank of the selected sites of the Auranga
Estuary by a boat using plankton net of 20 u mesh
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size made up of bolting silk. A total 50 L of sample
collected from each site and concentrated to 100 ml
through the plankton net (Narmada et al., 2015).

Hydro-chemical parameters including water
temperature, pH, and salinity were measured by a

Downstream
Divadandi =

» Amba'Mata;Temple ¥ &8 .8
van
Bariyadev,Temple

= Jay,TulsiiMaaiTemple- . . Mahalaxmi Temple

thermometer (Bel-Art; Model: B60800-3100), a
digital pH meter (pHep®: Hanna instruments) and
titration method respectively. In situ dissolved
oxygen (DO) was measured by the Winkler method.
Nitrate and phosphate levels were measured with a
spectrophotometer (Model: 302).

Upstréam. /
Lsilapore

Hanuman M‘andlr )

HANUMAN
BHAGDA

Figure 1. Selected sites from Auranga Estuary, Valsad, Gujarat (Narmada, Water resources, Water supply and

Kalpsar Department, Gujarat, 2010).
Samples Analysis

The phytoplankton samples were preserved in 4%
formalin and used for future quantitative and
qualitative analysis (George et al., 2015). A light
microscope (LABOMED STC-HL) was used for
qualitative plankton analysis and quantitative analysis
were performed by Sedgwick-Rafter chamber. The
abundance of phytoplankton is expressed as cell
numbers per milliliter (cells/fmL) (Baliarsingh et al.,
2015). Taxonomic studies of phytoplankton were
carried out by using standard references (Joshi et al.,
2018; Gopinathan et al., 2007; Hendey, 1957,
Bellinger & Sigee, 2010; Taylor et al., 2007).
Quantitative analysis like species abundance, relative
abundance, percentage composition and diversity
indices and qualitative analysis such as species
diversity, distribution and family contribution of
phytoplankton data were evaluated.

Statistical Analysis

The PAST (Paleontological Statistics; software
3.0 version) was used for statistical analysis such as
distribution matrix, statistical summary of spatial and
temporal abundance, alpha diversity indices
(Simpson Dominance index, Shannon Wiener
diversity index, Pielou’s evenness index, Margalef
richness index). Single factor analysis of variance
was used for diversity indices of the collected data.

Result and Discussion

Temporal distribution of phytoplankton species
and community structure was dynamic and variable.
In the present study, a total of 44 phytoplankton taxa
were recorded from both sites of Auranga Estuary,
out of which 35 species from St 1 (downstream) and
24 species from St 2 (upstream) were recorded (Table
1). Bacillariophyceae (14) had the highest number of
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taxa followed by Chlorophyceae (7), Dinophyceae
(7), Cyanobacteria (6), and Chrysophyceae (1) at
downstream, while at upstream, Bacillariophyceae
(9) had more number of organisms followed by
Chlorophyceae (8), Cyanobacteria (4), Dinophyceae
(2) and Chrysophyceae (1) (Table 1). Similarly, in
northern Kuchchh region, Gujarat, a total of 88
species of phytoplankton including pennate diatoms,
centric diatoms, dinoflagellates and cyanobacteria
were recorded (Kardani, 2011). Also 104 species
including diatoms (82), dinoflagellates (16), blue-
green algae (3) and green alga (2) were reported from
the western mangrove, Kuchchh, (Thakur et al.,

2015). Waghmare & Kulkarni (2015) reported 20
genera including diatoms, green algae and blue-green
algae from Lendi River, Maharashtra. Genera such as
Nitzschia, Coscinodiscus and Ceratium were more
abundant at the downstream whereas Spirogyra,
Microcystis, and Nostoc were the abundant genera at
the upstream represented with higher number of
individuals.  Commonly,  Nitzschia linearis,
Coscinodiscus radiatus, Chaetoceros sp., Spirogyra
porticalis, Oscillatoria formosa, Chlorella vulgaris
and Microsystis aeruginosa habitually occurred at
both sites of Auranga Estuary throughout the study
period (Table 1).

Tablel. List of recorded phytoplankton species

Species Name Stl St2 Species Name Stl St2
Bacillariophyceae Coelastrum microporum + +
Family: Nitzschiaceae Family: Chlorellaceae
Psuedo-nitzschia australis - +  Chlorella vulgaris + +
Nitzschia sigmoidea + - Family: Cladophoraceae
Nitzschia fonticola + - Chaetomorpha ligustica - +
Nitzschia linearis + +  Family: Ulotrichaceae
Nitzschia reversa + - Ulothrix sp. - +
Family: Naviculaceae Family:[Chlorosarcinaceae|
Navicula salinarum + - Chlorosarcinopsis variabilis + -
Navicula transitans - +  Cyanobacteria
Navicula radiosa - +  Family: Nostocaceae
Family: Leptocylindraceae Nostoc commune + +
Leptocylindrus danicus - +  Aphanizomenon flos-aquae + -

[Leptocylindrus minimus| + - Family: Oscillatoriaceae

Family: Coscinodiscaceae Lyngbya aestuarii + -
Coscinodiscus radiatus + +  Family: Microcoleaceae

Coscinodiscus centralis + - Kamptonema formosum + +
Family: Pinnulariaceae Microcoleus vaginatus - +
Pinnularia subrostrata + - Family: Microcystaceae

Pinnularia viridis - +  Microcystis viridis + -
Family: Skeletonemaceae Microcystis aeruginosa + +
Skeletonema costatum + - Dinophyceae

Family: Melosiraceae Family:[Prorocentraceae]

[Melosira varians | + +  Prorocentrum emerginatum + -
Family: Cymbellaceae Prorocentrum minimum + -
Cymbella mexicana + - Family: Protoperidiniaceae

Family: Bacillariaceae Protoperidinium claudicans + -
Cylindrotheca closterium + - Family: Ceratiaceae

Family: Chaetocerotaceae Ceratium sp. + +
Chaetoceros sp. + +  Ceratium fusus + -
Chlorophyceae Family: Peridiniaceae

[Family: Zygnemataceag| Scrippsiella trochoidea + -
Spirogyra porticalis + +  Family: Polykikaceae

Spirogyra tenuissima + +  Polykrikos schwartzii + +
Spirogyra communis + +  Chrysophyceae

Spirogyra corrugata - +  Family: Chromulinaceae

Family: Scenedesmaceae Chromulina pascheri + +
[Scenedesmus serratus| + - Total 35 24

(St 1- downstream; St 2- upstream)
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Among the phytoplankton, Bacillariophyceae had
the highest species composition represented by 40%
taxa at the downstream and 37.50% taxa at the
upstream. The composition of Bacillariophyceae was
almost similar at both sites but the entire
phytoplankton community varied with diverse taxa in
both sites. Chlorophyceae and Dinophyceae had
similar  species composition (20%) at the
downstream, while Chlorophyceae had the second
highest  species  composition  (33.33%) and
Dinophyceae had the second lowest species
composition (8.33%) at the upstream. The species
composition of Cyanobacteria was 17.14% and
16.67% at the downstream and the upstream,
respectively. The lowest species composition was
represented by Chrysophyceae which was 4.17% and
2.86% at the upstream and downstream, respectively
(Figure 2). Among these Bacillariophyceae was the
dominant group followed by Chlorophyceae,
Cyanobacteria, Dinophyceae and Chrysophyceae. At
similar result was reported from the Narmada River

near Zadeshwar, Bharuch, as Bacillariophyceae >
Chlorophyceae > Cyanobacteria > Euglenophyceae in
decreasing order of number of species (George et al.,
2015) and from the river of Andhra Pradesh
(Venkateswarlu, 1986). In present study, diatoms
were the dominant group and were found throughout
the year at both sites of Auranga Estuary. This
observation agreed with findings by others who
reported Bacillariophyceae as the dominant group,
i.e., in the Pearl River Estuary, South China (Zhang
et al., 2014); in the Cross River Estuary of Nigeria
(Ekwu & Sikoki, 2006); in the Muthupettai, South
east coast of India (Babu et al., 2013); in the Tapi
River, Surat, Gujarat (Sarang & Manoj, 2017); Gulf
of Kuchchh (Thakur et al., 2015). The species
composition of Chlorophyceae and Cyanobacteria
fluctuated in the Auranga Estuary. A similar
observation was noted in the Tapi River, Surat,
Gujarat (Sarang & Manoj, 2017). Moore (1974)
stated that Bacillariophyta are common in epipelic
communities.

Downstream

[72%)

X
% /

M Bacillariophyceae

------

A |1 Chlorophyceae

58 L1 Cyanophyceae

' 1 Dinophyceae

1 Chrysophyceae

Upstream

CECEREE

'.:.:Ifit’ 4 Dinophyceae

\\

M Bacillariophyceae

......

\ | 4 Chlorophyceae

4 L1 Cyanophyceae

i Chrysophyceae

Figure 2. Percentage composition of phytoplankton taxa
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The distribution of different phytoplankton is
represented by the matrix plot (Figure 3).
Chrysophyceae exhibited similar distribution scale in
both stations. Dinophyceae and Cyanobacteria were
higher in downstream than in upstream. In contrast,
Chlorophyceae was in higher proportion at the
upstream site while less at the downstream site.
Bacillariophyceae were represented by the highest
and second highest distribution at the downstream
and the upstream station, respectively (Figure 3).
Bacillariophyta was found throughout the year in in
Dhamra River Estuary of Odisha Coast, Bay of
Bengal (Palleyi & Panda, 2011) and in Tapi River,
Surat (Sarang & Manoj, 2017). Rajkumar et al.,
(2009) highlighted the conditions of substratum;

Chlorophyceae

Cyanophyceae

Dinophycead

Chrysophycea

]
&
£
=
=
=
=

Bacnlariophyceae_

temporal as well as geographical factors and
distribution of the other companion species influence
the percentage species composition and abundance of
dominant diatoms. Due to runoff and river flow the
estuaries are loaded with a large amount of
hydrocarbon and also affected by enormous tidal and
fluvial activities. Variations in the species diversity
and composition govern the phytoplankton growth
rate as well as other limiting factors and
photosynthetic  responses to irradiance. The
ecological phenomena such as competition, predation
and succession play key roles in monitoring the
biodiversity and changes in these phenomena can
change the diversity (Stirling & Wilsey, 2001).

14

9.67

Figure 3. Distribution matrix of phytoplankton

The highest family contribution was by
Nitzschiaceae and Zygnemataceae at respective
stations of the downstream (Figure 4 A) and the
upstream (Figure 4 B). At the upstream station,
Oscillatoriaceae and Ulotrichaceae families highly
contributed due to higher freshwater influence
compared to downstream, while Skeletonemaceae,
Cymbellaceae, Bacillariaceae, Chlorosarcinaceae,
Prorocentraceae, Protoperidiniaceae and
Peridiniaceae were present only in the downstream
which may be due to the tidal impact and coastal
water influence (Figure 4 A). The tidal flow and
marine environmental conditions affected the
distribution of these organisms. Majority families of
phytoplankton were recorded from the downstream; it
might be due to the dynamic environment of
estuarine ecosystem, while at the upstream more
freshwater flow have impact on the growth and
abundance of green and blue-green algae, hence the
family contribution of phytoplankton which are
associated with Chlorophyceae and Cyanobacteria
algae had more contribution at this station. The taxa

belonging to Bacillariophyceae and Dinophyceae had
higher contribution in the downstream due possibly
to sea water influx (Hastuti et al., 2018).

The fluctuations in the proportion of nutrients and
the  environmental  factors  influence  the
phytoplankton biodiversity (George et al., 2015). The
pH (mean 7.4 + 0.67), varied between6.8 -7.7 and
maintained buffering capacity which promoted the
growth of phytoplankton. In this study, the highest
abundance was reported from the downstream (91 +
22.50 cells/mL) during winter season, while lowest
abundance was recorded from the upstream (41 =+
19.55 cells/mL) during monsoon season (Figure 5).
The maximum abundance of phytoplankton was
found during the winter due to the moderate
temperatures (22.5 + 3.65) °C which ranged between
17 °C to 31 °C throughout the study period relatively
higher salinities (11.87 + 2.71 ppt) due decreased
fluvial inflow, anthropogenic sewage and industrial
runoff. Spatially, the downstream was characterized
by higher phytoplankton abundance (72.00 = 17.69
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cells /mL) than the upstream (65.67 + 21.57
cellssmL) (Table 2). Seasonal variations in
phytoplankton abundance were also observed in both
study sites. Seasonal plankton abundance ranked in
the downstream as winter (91 + 22.50 cells/mL) >
summer (69 £ 37.54 cells/mL) > monsoon (46 =+
18.19 cells/mL) while at the upstream summer (81 +
21.57 cells/mL) > winter (75 = 28.57 cells/mL) >
monsoon (41 + 19.55 cells/mL) (Figure 5; Table 3).
Higher abundance in plankton abundance was also

shown for creek waters of western mangrove (Thakur
et al., 2015) and Muthupettai mangrove region, south
east coast of India (Varadharajan &
Soundarapandian, 2015). Similar observation was
also reported for riverine waters at Narmada River
(Sharma & Mankodi, 2011). Higher abundance of
phytoplankton during summer and low abundance
during monsoon was also reported from mangrove
estuaries (Saifullah et al., 2016).
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Figure 4. (A) and (B): Phytoplankton family contribution

The maximum number of Bacillariophyceae were
found during the winter season in January- February
and November-December and minimum during
monsoon  season in  September-October. The
maximum and minimum abundances of Dinophyceae
were observed during the hot summer (March-April)
and monsoon (September-October), respectively. The
Chlorophyceae was more abundant during the winter
season in January- February and November-
December and less abundant during the monsoon
months of July-August. The Cyanobacteria were
maximum during the summer season in May-June
and minimum in  September-October.  The
Chrysophycean species Chromulina pascheri was
found during the summer season. Ahel et al., (1996)
stated that due to the salinity gradient diatoms and
dinoflagellates dominated in the estuarine
environment. In the present study, higher salinities

during the periods of winter (11.87 £ 2.71) and
summer (12.43 + 2.12) as a result of increased
evapotation and reduced freshwater inflow and land
drainage may have led higher diatoms and
dinoflagellate presence. Dissolved oxygen (DO)
showed higher concentration at downstream (5.42 +
1.62) than upstream (3.72 = 1.84) site of Auranga
estuary. Higher DO concentrations (6.46 + 2.36)
recorded during the winter season may be due to the
combined effects of higher wind energy and the
mixing of heavier rainfall and freshwater.
Furthermore, the diversity of aquatic autotropic
components and their ability to produce oxygen may
also be other important factors that influence the DO
concentration. Members of Bacillariophyceae and
Cyanobacteria were found normally throughout the
study. Chlorophyceae did not show high seasonal
variations. However, higher fluctuation was reported
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in the diversity of Dinophyceae. Temporally, winter
(83.0 £ 11.31 cells/mL) season showed highest
abundance followed by summer (75.0 + 8.48
cellssmL) and monsoon (48.5 + 10.60 cells/mL)
(Table 3). During the period of summer, abundance

was higher at the upstream (81.0 = 21.57 cells/mL)
than the downstream (69.0 + 37.54 cells/mL), while
during the rest of the two seasons, downstream had
more abundance.

@ Downstream
L J Upstream
g
g
_ = .
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Figure 5. Spatial and temporal abundance of phytoplankton
Table 2. Summary statistics of spatial abundance of phytoplankton
Mean SD Skewness  Kurtosis Coeff. var 95% CI
Downstream 72 17.69 0.7411 -2.3333 24572 0.025
Upstream 65.67  21.57  -1.5825 -2.3333 32.850 0.025
Temporal species diversity and  species In our study, species diversity and species

composition were rich during the winter season and
poor during monsoon season. Such fluctuations were
due to anthropogenic sewage discharges, agricultural
fertilizers and fluvial influx from upper reaches that
led to excessive inorganic phosphate during winter
(0.0279 + 0.038 mg/L) than summer (0.0212 =+
0.0162 mg/L) and monsoon (0.0168 + 0.0128 mg/L)
in this estuary. The high and low concentrations of
nitrate observed during the winter (18.52 + 5.48
mg/L) and monsoon (13.33 + 5.28 mg/L) seasons
may be due to freshwater and agricultural run offs,
and oxidation of ammonia. Both phosphate and
nitrate  regulate the growth of autotropic
microorganisms in this estuary. Similar results were
observed in northern Kuchchh region (Kardani,
2011); in Mahakam Delta, east Kalimantan (Effendi
et al., 2016); Pichavaram mangrove waters from
south-east coast of India (Rajkumar et al., 2009).
Rajkumar et al., (2009) reported that the abundance
of phytoplankton was minimum during monsoon due
to the stratified water column, excess rainfall, low
transparency caused by runoffs, decreased salinity,
lower temperature and alkalinity, and cloudy skies.

composition in the summer was higher than that in
the monsoon but was lower than that in the winter.
During the rainy months (June-July) Matiamuiuri
River Estuary in Bangaldesh showed highest
phytoplankton densities with peak in July and lowest
values in February (Hoque et al., 1999). Because of
the large influx of fluvial currents, the plankton
composition of Perak Estuary of Malaysia was
characteristic to freshwaters and dominated by the
diatoms as well as green algae (Nursuhayati et al.,
2013). Fluctuations in plankton biomass were also
reported from the Gulf of Cariaco, Venezuela (Calvo-
Trujillo et al., 2018). The statistical summaries of the
spatial and temporal abundance of phytoplankton are
given Table 2 and 3. The abundance of
phytoplankton skewed to the right with a peak of
0.7411 at the downstream indicate higher abundance
whereas negative skewness (-1.5825) at the upstream
revealed low abundance. Kurtosis tail’s value
indicates normally  distributed  phytoplankton
abundance (Table 2). Density without skewness
means data are normally distributed (Table 3).
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Table 3. Summary statistics of temporal abundance of phytoplankton

Mean SD Skewness Kurtosis Ci;)ae:f. 95% CI
Winter 83.0 11.31 0 -2.75 13.63 0.003
Summer 75.0 08.48 0 -2.75 11.31 0.001
Monsoon 48.5 10.60 0 -2.75 21.87 0.001

Almost all coastal ecosystems are under pressure
due to increases in human population and related
developmental activities and are very sensitive to
pollution, siltation erosion, flooding saltwater
obtrusion, storm surges and other activities. Changes
in water transparency and turbidity, presence of
nutrients and their respective proportions affect the
phytoplankton community and species diversity.
Alpha diversity indices of Simpson Dominance
index, Shannon Wiener Diversity index, Margalef
Richness index, and Pielou’s evenness index are
given in Figure 6. Margalef richness index (1.36) and
Simpson Dominance index (0.257) were high in the
upstream compared to those in the downstream (1.13;
0.238) (Figure 6). The Shannon Wiener diversity
index was 1.417 and 1.268 at the downstream and
upstream site respectively and Pielou’s Evenness
index for the upstream and the downstream were 0.79
and 0.88, respectively (Figure 6). Figure 7 shows the
diversity profile of phytoplankton in both stations of
the Auranga Estuary and reveales that the diversity of
phytoplankton was higher at the downstream station
than upstream station. Single factor analysis of
variance (ANOVA) for selected diversity indices
indicated significant differences (p=0.00214) (Table
4). The abundance of phytoplankton (%) was
compared using Lorenz curve with line of perfect

equality for both stations (Figure 8). Results showed
higher diversity in  the upstream compared to
downstream. The samples with more equal
distribution of organisms were collected from the
downstream while some unequal distribution was
found in the upstream. The Gini index explains the
distribution of phytoplankton among the individual
within the ecosystem; the lower value indicate good
equality abundance. The Gini index for the
downstream was 0.308 and for the upstream was
0.366 which revealed the adequate equality
abundance of phytoplankton. Phytoplankton play an
identical role in the aquatic environment as herbs
and trees do on land; , they transform light and
mineral contents to biomass production.. The
maximum diversity of phytoplankton showed pivotal
level of phytoplankton biomass and massive blooms
showed minimum diversity (Effendi et al., 2016).

The phytoplankton biomass and productivity
reflect the productivity and health of mangrove
ecosystems (Thakur et al., 2015). Phytoplankton
primary production is very much associted with
fluctuations in water quality and biogeochemical
processes including ocean—atmosphere CO, exchange
Phytoplankton biomass is regulated by crucial factors
like turbidity and bio-limiting elements (nutrient)
availability (Xia et al., 2014, Palleyi & Panda, 2011).

Table 4. ANOVA- Single factor (Diversity indices)

SUMMARY
Groups Count Sum  Average Variance
Margalef Richness Index 2 2.39 1.195 0.00845
Shannon Wiener Species Diversity Index (H’) 2 2785 1.3925 0.001201
Simpson Dominance Index (D) 2 0505 0.2525  4.05E-05
Pielou's Evenness Index (J) 2 1.67 0.835 0.00405

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 1.503313 4 0.375828 82.05257 0.002143 9.117182
Within Groups 0.013741 3 0.00458
Total 1.517054 7
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Figure 6. Alpha diversity indices from both stations (A= Simpson Dominance index; B= Shannon Wiener
diversity index; C= Pielou’s evenness index; D= Margalef richness index)

Figure 7. Diversity profile of phytoplankton at the both stations

Phytoplankton are key organisms in monitoring factors such as temperature, pH, dissolved oxygen,

the environmental status of the aquatic ecosystem. presence of nutrients, current velocity water level and
They are used as an indicator of ecological conditions chemical factors may influence phytoplankton
and productivity of the ecosystem (Ekwu & Sikoki, development (Singh et al., 2013; Nowrouzi & Valavi,
2006; Palleyi & Panda, 2011). Generally, the physical 2011; George et al., 2015).
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Figure 8. Lorenz curve plots of relative phytoplankton abundance (%) for both stations
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Here it can thus be concluded that
Bacillariophyceae was the dominant phytoplankton
taxa in Auranga Estuary. Bacillariophyta and
Dinophyta were abundant in the downstream
characterized by estuarine  conditions and
Chlorophyta and Cyanobacteria were abundant in the
upstream characterized by freshwater conditions.
Phytoplankton of fluvial and estuarine taxa,
abundance and diversity fluctuated temporally as well
spatially. Spatially, downstream was more productive
than upstream while temporally winter is more
productive followed by summer and monsoon.
Decreasing  freshwater  inflow, land field,
anthropogenic sewage discharges and industrial
runoff together with higher temperatures and
salinities increased phytoplankton growth and
abundance. Diversity indices revealed less diversity
but good abundance of phytoplankton in this estuary.
The phytoplankton distribution and abundance will
be a useful tool for further assessment and monitoring
of estuarine ecosystems. This study establishes an
important step towards conducting future research on
diversity, ecology, taxonomy and conservation of
estuarine phytoplankton in Auranga Estuary and
higher trophic level aquatic organisms.
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Abstract: In this study, the attitudes of fishermen in Canakkale region towards occupational health and safety
measures have been investigated. For this purpose, a questionnaire consisting of 26 questions was conducted in
June 2021 with fishermen working in fishing boats registered to Canakkale Central Port Authority. Data
obtained from responses of 103 randomly selected fishermen indicated that 99 participants (96.1%) were male
and 63 (61.2%) were married. Fifty-two of the participants (50.5%) were between the ages of 25-35. Only 26
(25.2 %) of the participants received higher education. 55 (53.4%) of the participants had 1-5 years of
professional experience. Fishermen between the ages of 19-24, with an associate degree and less than 1 year of
professional experience gave more positive answers regarding the occupational health and safety efforts in
fishing activities compared to those expressed by the personnel in other groups. There was a significant
difference between the occupational health and safety perception and age and professional experience variables
in fishing activities. The data obtained indicated insufficient efforts on fishing activities by the authorized public
organizations and institutions, docking problems of fishing boats, lack of OHS service in fishing activities.
Involvement of fishermen in the planning of fisheries related programs and informing employers about the
necessity of mandatory OHS services provided by the Ministry of Labor and Social Security may solve
identified problems.

Key words: Fishing Activity, Fishing Boat, Employee Behavior, Risk

Canakkale flinde Hizmet Veren Balik¢1 Teknelerinde is Saghg ve
Giivenligi

Ozet: Bu calismada, Canakkale bolgesinde balik avlama faaliyetinde gorevli personellerin is saghgi ve
giivenligine yonelik davraniglart tespit edilmeye calisilmistir. Bu amagla Canakkale Merkez Liman
Baskanligi’na kayith balikgr teknelerinde gorevli personellere Haziran 2021’de 26 sorudan olusan bir anket
calismasi diizenlenmistir. Basit rastgele drnekleme yontemi ile secilen 103 ¢alisan tarafindan cevaplandirilan
anket verileri Sosyal Bilimler igin Istatistik Programi 24.0 ile analiz edilmistir. Katilimcilarin 99’u (%96,1)
erkek, 63’1 (%61,2) evlidir. Katilimeilarin 52°si (%50,5) 25-35 yas araligindadir. Katilimeilarin sadece 26's1
(%25,2) yiiksek 6grenim gérmiistiir. Katilimeilarin 55’1 (%53,4) 1-5 yil aras1 mesleki tecriibeye sahiptir. Yapilan
arastirma sonucunda, 19-24 arasi1 yas, yiiksekokul mezunu ve 1 yildan az mesleki tecriibeye sahip personellerin
diger gruplardaki personellere gore balik¢ilik faaliyetindeki is sagligi ve giivenligi ¢alismalarina iliskin daha
olumlu cevaplar verdigi tespit edilmistir. Balik avlama faaliyetlerinde is saglig1 ve giivenligi ile yas ve mesleki
tecriibe degiskenleri arasinda ¢ok yiiksek etki diizeyinde anlamli farklilik oldugu sonucuna ulagilmistir. Elde
edilen veriler, yetkili kamu kurum ve kuruluslarmin balik¢ilik faaliyetlerine yonelik calismalarin yetersizligini,
teknelerin limana baglanmasinda yasanan sorunlar1 ve balikgilik faaliyetlerinde ISG hizmeti eksikligini
gostermigtir. Tespit edilen sorunlar balik¢ilik faaliyetlerine yonelik ¢aligmalarin programlamasinda balikeilik
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faaliyetinde bulunan personellerin goriislerini de dikkate alarak gergeklestirmesi ve Caligma ve Sosyal Giivenlik
Bakanligi’nin ISG hizmeti alim zorunlulugu hakkinda egitimler diizenleyerek isverenleri bilgilendirmesi ile

¢oziilebilir.

Anahtar kelimeler: Balik¢ilik Faaliyeti, Balikg1 Teknesi, Calisan Davraniglari, Risk

Giris

Su iiriinleri, diinya besin gereksiniminin biiyiik bir
kismimi karsilamaktadir. Denizlerden ve i¢ sulardan
besin elde etmenin en temel yolu balikeilik
faaliyetleridir (Biitiiner, 2008). Tiirkiye’de deniz ve i¢
sularda gerceklesen su iriinleri iiretimi, aveilik ve
yetigtiricilik (kiiltiir balik¢ili§1) olmak iizere iki
sekilde gergeklesmektedir. Deniz aveiligl
faaliyetlerinin  geleneksel (kiigiikk) balikgilik ve
endiistriyel balikgilik olarak iki farkli sekilde icra
edildigi goriilmektedir. Geleneksel balikgilik siklikla
12 metreden kiigiik balik avlama tekneleri ile yapilan
sahil balik¢iligi olarak tanimlanirken, endiistriyel
balik avlama faaliyetleri 12 metrenin iizerinde boy
uzunluguna sahip girgir ve trol aglarinin kullanimu ile
gerceklesmektedir (Ulukan, 2016).

Ulkemizde balik aveiligi 1970°li yillara kadar
genellikle zanaat balik¢ilifi ya da giinliik kazang
saglayan kiiciik oOlgekli balik avlama faaliyetleri
olarak yiritilmekteydi. 1971 yilinda radikal ve
biiyiik bir gelisme olarak degerlendirilebilecek Su
Uriinleri Kanunu'nun vyiiriirlige girmesi ve cagmn
getirdigi teknolojik gelismelerin de katkisiyla balik
avlama faaliyetleri Onemli bir esigi atlamistir
(Tantoglu, 2016). Ancak 1380 Sayili Su iiriinleri
Kanunu daha ¢ok su iirlinlerinin avlanmasinda dikkat
edilecek yer, zaman yasaklar1 ile avcilikta
kullanilacak uygun teknik donanimlar hakkinda bilgi
vermektedir (T.C. Resmi Gazete, 1971).

Tekneler iizerinde avcilik faaliyeti ile ugrasan
personelin tehlikelerden korunmasi ve teknelerde is
saglig1 ve giivenligi (ISG) &nlemlerinin uygulamasi
i¢in {ilkemizde Denizde Can Emniyeti Uluslararasi
Sozlesmesi 1974-SOLAS 74 (IMO, 1974), 4922
Sayilt Denizde Can ve Mal Koruma Hakkinda Kanun
(T.C. Resmi Gazete, 1946) ve bu kanuna bagl olarak
cikartilan 26089 sayili Balikg¢r Gemilerinin Emniyeti
Hakkinda Yonetmelik (T.C. Resmi Gazete, 2000),
26804 Ozel Teknelerin Donatimi ve Kullanacak
Kisilerin Yeterlikleri Hakkinda Yonetmelik (T.C.
Resmi Gazete, 2008) ile 16273 Denizde Catismay1
Onleme Tiiziigii (T.C. Resmi Gazete, 1978) gibi yasal
diizenlemeler kistasinda dnlemler alinmaktadir.

Balik avlama faaliyetleri diinyanin birgok
iilkesinde en tehlikeli meslek olarak goriilmektedir
(ILO, 2010). Diger sektorler ile kiyaslandiginda
balik¢1 faaliyetlerinde yasanan oliimli is kazasi %
52,4 daha fazla oldugu bildirilmistir (Roberts, 2004).
Is kazalarinin nedenlerinin %88’lik kismi hatal
davranislarindan kaynaklanmaktadir (Dalyan vd.,
2021a). Davraniglardaki olumlu yoénde degisimin
devamliligini saglamak igin saglikli ve giivenli is

yerlerinin tesvik edilmesi bir dncelik olmalidir (Bilir,
2016). Saglikli ve giivenli ig yerleri ise giivenlik
kiiltiirii ile var olabilir. ISG egitimleri ile giivenlik
kiltiiri olusturulabilir (Dalyan ve Piskin, 2020).
Literatirde bahk avlama faaliyetindeki 1SG
konusunda bir¢ok ¢aligma mevcuttur.

Kaplan ve Kite-Powell (2000), balik¢ilik yonetim
sisteminin denizde giivenlik kiiltiirli {izerine etkisini
&rnek olay inceleme teknigi ile incelemistir. Ozellikle
balik stoklama sisteminin diizensizligi balikgilar
izerinde is baskisi olusturdugu ve bu baskinin
denizde giivenligin azalmasma sebep verebilecegi
iizerinde durmustur. Hava sartlarinin olumsuzlugu ve
yakalanacak avin ani hareketleri balik¢ilar icin risk
olusturarak kazaya sebep verebilecegini
raporlamistir.  Ayrica  balikgilik  faaliyetindeki
Oliimlerin ¢ogunu gemi alaborasi ve yangin-patlama
olaylarindan meydana geldigini belirtmiglerdir.

Havold (2010), balikg1 gemilerinde giivenlik
kiiltiiriiniin degiskenlerini arastirdigir bir caligmada,
209 gemi personeline 50 maddelik bir anket
uygulamistir. Ailede balik¢i bir yakinin olmasi, yas,
gemide  yuritilen faaliyet ve gemi tipi
degiskenlerinin  balikgt  gemilerindeki — giivenlik
kiiltiirii  {izerinde ciddi derece Onemli oldugunu
raporlamistir. Ayrica yonetimin giivenlik kiiltiiriine
bakig acisinin sirket giivenlik politikasi iizerinde ¢ok
giicli etkisi oldugunu belirtmistir.

Pfeiffer ve Gratz (2016), av hissesi olarak da
adlandirilan balik¢ilik kota sisteminin, balik¢ilik
meslegine ve personellerine etkisini aragtirmigtir.
Kota yonteminin balik¢ilar arasi rekabeti arttirarak
balik avciligr faaliyetlerine ilave risk olusturdugunu
belirtmislerdir. Kota sisteminin olumsuz etkilerini
iilkemizde arastiran Tantoglu (2016), ozellikle kota
sistemine bagli uzun ¢aligma siirelerinin kaza
olasiligini arttirmast yoniine deginmis ve benzer
sonuglara ulagmstir.

Doganyilmaz Ozbilgin ve Tok (2017), Mersin
kiyillarinda balik¢ilik faaliyeti gosteren teknelerde
gorevli 102 personel ile yaptigi ¢alismasinda, denizde
glivenlik farkindaligim1 tespit etmeye calismistir.
Arastirma sonuglarina gore, balik¢ilarin %75 nin 20
saatten daha fazla ¢aligtigi, %94’ iniin yangin talimi
yapmadig1 ve %75’nin kaza gecirdigi belirtilmistir.
Ayrica balik¢ilarin %79°nun  yasadiklar1 kazalari
Sosyal  Giivenlik Kurumu ya da Liman
Baskanliklarina bildirmedikleri sonucuna ulagmistir.
Is kazalarinin dogru ve eksiksiz bildirilmesi gelecek
donemlerde olusturulacak planlamalar i¢in 6nem arz
etmektedir (Dalyan vd., 2021b).
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Soykan (2018), iilkemizde endiistriyel balik¢ilik
faaliyeti  yiriiten  balik¢i  gemilerinde  risk
degerlendirme yontemlerinden L tipi matris yontemi
kullanarak bir arastirma gerceklestirmistir. Analiz
sonucunda 37 adet faaliyet alani ve bu faaliyet
alanlarma iligkin 110 adet tehlike kaynag1
belirlemistir.

Tash ve Ayaz (2019), Tiirkiye’de bilingsiz balik
avlama faaliyetinin dniine gecilmesi i¢in Balik¢ilik ve
Avlama Sertifika Egitimi olarak tanimladiklar
sertifikali bir egitim programi olusturmuslardir.
Balikc¢ilik ve Avlama Sertifika Egitimini tamamlayan

balik¢ilarin, balik avlama faaliyeti hakkinda
farkindaliklarmin  arttinlacagint = belirtmiglerdir.
Bahsedilen egitim programimnin  tamamlanmasi

neticesinde balik¢ilik faaliyetinde bulunan kisi ve
kurumlarin yami sira iilke ekonomisine de katki
saglayacagini belirtmiglerdir.

Laf¢1 ve Oztekin (2020), iilkemizde Arama
Kurtarma faaliyeti amaciyla kullanilan gemilerde risk
degerlendirme yontemlerinden L tipi matris yontemi
kullanarak bir arastirma gergeklestirmistir. Analiz
sonucunda 21 adet faaliyet alani ve bu faaliyet
alanlarina iliskin 78 adet tehlike kaynagi
belirlemistir. Analiz sonucunda en yiiksek risk skoru
(25) degerine sahip tehlikenin halat kopmasi, en
diisiik risk skoru (3) degerine sahip tehlikenin ise
istime oldugunu raporlamislardir.

Bu g¢alismada Canakkale ili merkez ilgesine
kayitl balik¢1 teknelerinde gorevli 103 personele
anket yontemiyle balikg1 teknelerindeki ISG’ye
yonelik davraniglarin incelenmesi ve olasi sorunlarin
tespit edilmesi amaciyla 31 soru sorulmus ve anket
verileri Sosyal Bilimler igin Istatistik Programi
(SPSS) 24.0 programu ile analiz edilmistir. Yapilacak
caligma sonuglarinin literatiire katki saglayarak, bu
konuda c¢alismakta olan bilim insanlarina yol
gosterecegi diisiniilmektedir.

Materyal ve Yontem
Etik beyani

Bu calisma, Canakkale Onsekiz Mart Universitesi
Lisansiistii Egitim Enstitiisii Etik Kurulu tarafindan
(tarih: 03/06/2021 ve say1i: E-84026528-050.01.04-
2100080243) onaylanmistir.

Arastirma yontemi

Bu c¢alismada, balik¢ilik faaliyeti hakkinda
literatlir taramasi yapilarak ve wuzman goriisleri
almarak Ek-1de yer alan anket sorulari
hazirlanmistir. Arastirma geneli ve anket hakkinda
bilgi verildikten sonra goniilli onamlar1 alinan
personellere yiiz yiize anket uygulamasi yapilmistir.
Aragtirma evrenini Canakkale Merkez Liman
Baskanligi’na kayitli olan balik¢1 tekneleri (N=140)
olusturmaktadir. Arastirmanin 6rneklemini %95
giiven diizeyine gore 103 personel olusturmustur
(Krejcie ve Morgan, 1970). Katilimcilarin segimi

konusunda aragtirmaciin herhangi bir etkisinin
olmamasi ve rastlantisal bir se¢im yapilabilmesi i¢in
olasilikli 6rnekleme ydntemlerinden basit rastgele
ornekleme yontemi kullanmilmistir (Yildiz, 2011).
Olusturulan anket bireyler ile yiiz yiize gorisiilerek
gergeklestirilmistir.

Veri toplama arac¢lan

Arastirmanin  verileri  08.06.2021-20.06.2021
tarihleri arasinda toplanmustir. Balik¢ilik faaliyetine
iligkin goriiglere ihtiyag duyuldugundan literatiir
taramas1 yapilarak soru havuzu olusturulmustur.
Ardindan konuyla ilgili akademik ¢aligmalar yapan
iki uzmanin goriigleri alinmistir. Anketin son hali
akademisyenler ve arastirmacilar tarafindan yapilan
kontroller sonucunda hazirlanmistir. Bu ¢alismada, 2
boliimden olusan bir anket formu diizenlenmistir.
Anketin ilk kisminda katilimeilarin - &zelliklerini
tanimlayici (cinsiyet, medeni durum, yas, 6grenim
durumu ve mesleki tecriibe) 5 adet soru
bulunmaktadir. Anketin diger kisminda ise balik
avlama  faaliyetinde  kullanilan  teknelerdeki
personellerin ISG’ye yonelik tutum ve davramslarin
incelemek degerlendirilmek amaciyla 26 adet soru
yer almaktadir.

Katilimcilar

Arastirma hedef yanitlayici kitlesi olarak,
Canakkale ilinde balik avlama faaliyetinde bulunan
bazi 6zel ve ticari teknelerde gorevli personeller
belirlenmistir. Oncelikle 30 personel ile anketin pilot
uygulamas: yapilmistir. Pilot uygulama neticesinde
anket formunda herhangi bir degisiklige gerek
duyulmadigt i¢in gergeklestirilen 30 personelin pilot
uygulamasi da analize dahil edilmistir. Toplamda 103
birey ile yapilan anketler degerlendirmeye alimustir.

Verilerin analizi

Bu calismada, elde edilen verilerin gegerlilik ve
giivenirlilik analizi SPSS 24.0 paket programi ile
yapilmistir.  Anket Olgeginin - Cronbach  Alpha
giivenirlik katsayis1 0=0.749 gibi giivenilir sayilan bir
deger bulunmustur. Personellerin anket sorularina
verdikleri cevaplarin ortalamalarinin  dagilimlari
Shapiro-Wilk testi analiz edilmis ve dagilimlarm
normal oldugu bulunmustur. Ayrica Ol¢iimlerin
varyanslarinin  homojenligi de levene testi ile
incelenmis ve varyanslarin homojen oldugu tespit
edilmistir. Veri setleri normal dagilim gosterdiginden
dolay1 parametrik test grubunda yer alan analizler
kullanilmistir. Parametrik testlerden, iki seviyeli
degiskeni olan ifadeler i¢in Bagimsiz Degisken t
Testi (Independent Sample t Test), ikiden fazla
seviyeli degiskeni olan ifadeler i¢in Tek Yonli
Varyans Analizi (ANOVA) kullanilmistir (Eymen,
2007). Tek yonlii varyans analizi sonucunda anlaml
farkliligin yonii ve derecesini belirlemek amaciyla
coklu karsilastirma testleri (Post Hoc) uygulanmustir.
Coklu kargilagtirma testlerinin seciminde
karsilastirilacak grup sayilar ile drneklem ve varyans
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esitligi kriterleri degerlendirilerek karar verilmistir
(Kayri, 2009).

Bagimsiz degiskenin bagimli degisken tizerindeki
etki biiylikliigiinii belirlemek amaciyla eta-kare etki
biiytikligii katsayisi hesaplanmistir. Eta-kare etki
biiylikligii; d<0,2 ise ¢ok kiigiik (¢ok az), 0,2<d<0,5
ise kii¢iik (az), 0,5<d<0,8 ise orta, 0,8<d<I ise biiyiik
ve 1<d ise cok biiylik etki olarak yorumlanmistir
(Kilig, 2014). Ankete katilan ¢alisanlarin demografik

ozellikleri ve anket sorularina iliskin bulgular frekans
ve vyiizde Oolgiileri kullanilarak tablolar halinde
sunulmustur. Elde edilen bulgular %95 giiven
araliginda, %5 anlamlilik diizeyinde
degerlendirilmistir (Ozdamar vd., 1999).

Bulgular

Ankete katilan bireylerin demografik 6zelliklerinin
frekans (f) ve yiizdeleri (%) Tablo 1'de verilmistir.

Tablo 1. Arastirmaya katilan personellerin demografik 6zelliklerinin frekans ve yiizde dagilimlari

Demografik Ozellikler %
Cinsiyet Kadin 4 3,9
Erkek 99 96,1
. Evli 63 61,2
Medeni Durum Bekar 40 388
19-24 yag aralig1 22 214
Yas 25-35 yag aralig1 52 50,5
36-45 yas aralig1 12 11,7
45 yas tizeri 17 16,5

Ilkokul 10 9,7
Lise 38 36,9
Ogrenim Durumu Yiiksekokul 29 28,2
Lisans 19 184

Lisansiistii 7 6,8
1 yildan az 15 14,6
. . 1-5 yil arasi 55 53,4
Mesleki Tecriibe 5-10 y1l aras1 15 146
10 y1l tizeri 18 17,5
. . Ticari Tekne 18 17,5
Gorevli Alinan Tekne Tiirii Ozel Tekne 85 82,5
Donatan 8 7,8
o Kaptan 49 475
Teknedeki Gorev Tayfa 38 369
Misafir 8 7,8
Gemi Adami Ciizdani 21 204
Mesleki Yeterlilik Belgesi Amator Denizcilik Belgesi 52 50,5
Yok 30 291
; U Evet 63 61,2
Is Saglig1 ve Giivenligi Egitimi Alma Durumu Hayir 40 388

Tablo 1’e gore, katilimcilarin 4’ (%3,9) kadin,
99’u (%96,1) erkektir. Katilimcilarin 63’4 (%61,2)
evli, 40’1 (%38,8) bekardir. Katilimcilarin 22’si
(%21,4) 19-24 yas, 52’si (%50,5) 25-35 yas, 12’si
(%11,7) 36-45 yas araligindadir. Katilimeilarin 17°si
(%16,5) 45 yas izerindedir. Katilimcilarin 10’u
(%9,7) ilkokul, 38’1 (%36,9) lise, 29°’u (%28,2)
yiiksekokul, 19u (%18,4) lisans ve 7’si (%6,8)
lisansiistii  diizeyde O6grenim durumuna sahiptir.
Katilimeilarin 15’1 (%14,6) 1 yildan az, 55’1 (%53,4)

1-5 yil arasi, 15’1 (%14,6) 5-10 yil arast ve 18’
(%17,5) 10 yil tizeri mesleki tecriibeye sahiptir.
Katilimeilarma 18’1 (%17,5) ticari teknede, 85’1
(%82,5)  0zel teknede  gorev  almaktadir.
Katilimeilarin 8’1 (%7,8) donatan, 49’u (%47,5)
kaptan, 28’1 (%36,9) tayfa olarak balik¢1 teknelerinde
gorev almaktadir. Ankete katilan personellerin 8’i
(%7,8) ise teknelerde misafir olarak bulunmaktadir.
Katilimeilarin 2171 (%20,4) gemi adamu ciizdanina,
52’si (%50,5) amatdr denizcilik belgesine sahiptir.
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Katilimcilarin 30’u (%29,1) ise herhangi bir mesleki
yeterlilik belgesine sahip degildir. Katilimcilarin 63’1
(%61,2) ISG egitimi almis, 40’1 (%38,8) ISG egitimi
almamugtirPersonellerin anket sorularma verdikleri
cevaplarin cinsiyet ve medeni durum degigkenlerine
gore bagimsiz t-testi sonuglar1 Tablo 2’de verilmistir.
Tablo 2 incelendiginde, kadin personellerin anket
sorularma  verdikleri cevaplarin ortalamasi
Xiaan=1,77, erkeklerin ortalamast Xerkek=1,56"dir. T
testi sonuglarina gore kadin ile erkek personellerin
test ortalamalar1 arasinda istatistiksel olarak anlamli

fark tespit edilememistir. [t= -1,686, p>0,05]. Evli
personellerin anket sorularma verdikleri cevaplarin
ortalamas1 Xevi=1,55, bekar personellerin ortalamas:
Xpekar=1,60tir. T testi sonuglarma gore evli ile bekar
personellerin test ortalamalari arasinda istatistiksel
olarak anlamli fark tespit edilememistir. [t= -1,094,
p>0,05].

Tablo 3’te personellerin anket sorularina
verdikleri cevaplarin yas, Ogrenim durumu ve
mesleki tecriibe degiskenlerine gore ortalama (X) ve
standart sapma (Sd) sonuglar1  verilmistir.

Tablo 2. Personellerin anket sorularina verdikleri cevaplarin cinsiyet ve medeni durum degiskenlerine gore

bagimsiz t-testi sonuglari

N X Sd t p
Kadin 4 1,77 0,38
-1,686 0,95
Erkek 99 1,56 0,23
Evli 63 1,55 0,24
-1,094 0,27
Bekar 40 1,60 0,24

p<0,05* , p=0,05, X=Ortalama , Sd=Standart Sapma

Tablo 3. Personellerin anket sorularina verdikleri cevaplarin yas, ogrenim durumu ve mesleki tecriibe
degiskenlerine gore ortalama ve standart sapma sonuglari

N X Sd
19-24 arasi 22 1,69 0,26
25-35 arasi 52 156 0,20
Yas
36-45 arasi 12 1,43 0,18
45 {izeri 17 155 0,32
Tlkokul 10 1,52 0,18
Lise 38 158 0,24
Ogrenim durumu  yijksekokul 29 162 0,27
Lisans 19 153 0,23
Lisansiistii 7 1,49 0,26
1 yildan az 15 1,66 0,27
) 1-5 yil arasi 5 1,65 0,21
Mesleki Tecriibe
5-10 y1l arasi 15 1,42 0,17
10 yildan fazla 18 1,38 0,20
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Tablo 3 incelendiginde; yas seviyeleri agisindan
en yiiksek ortalamanin 19-24 yas arasi grubunda X =
1,69 ve en diisik ortalamanin ise 36-45 yas arasi
grubunda X = 1,43 oldugu, ogrenim durumu
acisindan en yliksek ortalamanin yiiksekokul mezunu
X = 1,62 ve en diisiik ortalamanin lisansiistii mezunu
X = 1,49 oldugu ve mesleki tecriibe agisindan en
yiiksek ortalamanin 1 yildan az X = 1,66 ve en diisiik
ortalamanin 10 yildan fazla X = 1,38 tecriibeye sahip
oldugu goriilmektedir.

Personellerin, yas, 6grenim durumu ve mesleki
tecriibe  degiskenlerine gore anket sorularma

verdikleri cevaplarin ortalamalarimi  karsilastirmak
amaciyla yapilan tek yonlii varyans analizi (ANOVA)
sonuglar1 Tablo 4°te verilmistir.

Tablo 4 incelendiginde, yas ve &grenim diizeyi
degiskenlerine gbére en az iki seviye arasinda
istatistiksel olarak anlamli bir fark gozlenmistir [Yas
igin F(s,00) = 3,349, p = 0,022; Ogrenim diizeyi igin
F(s09) = 10,849, p = 0,000]. Hesaplanan etki
biiyiikliigii Eta-kare (n? = 0,09-0,22) sonucuna gore
de bu farkliligin cok yiiksek diizeyde etkili oldugu
sOylenebilir.

Tablo 4. Personellerin yas, 6grenim durumu ve mesleki tecriibe degiskenlerine gore anket sorularina verdikleri
cevaplarin ortalamalarina iliskin ANOVA sonuglari

Varyansin  Kareler sd Kareler Etki Anlamh
kaynagi toplam ortalamasi P biyiikligiic fark
eruplar o575 3 0192 159
Yas 3349  0,022° 0,09
1>3
Grup ici 5,670 99 0,057
Al Gruplar 0,188 4 0,047
Ogrenim g ’ ' 0759 0554 - i
durumu ' '
Grup ici 6,058 98 0,062
557
Veslek Sr;‘;f'ar 1,545 3 0515 .
T €s .?b' 10,849  0,000" 0,24
ccruoec 6>7
Grup igi 4,700 99 0,047 658

p<.05%, p=.05, 1=19-24 yas aralif1, 2= 25-35 yas aralif1, 3=36-45 yas araligi, 4=45 yas iizeri, 5=1 yildan az
tecriibe siiresi, 6=1-5 yil arast mesleki tecriibe, 7=5-10 yil aras1 mesleki tecriibe, 8=10 yildan fazla mesleki

tecriibe

Tartisma

Personellerin anket sorularina verdikleri cevaplara
gore en yiiksek ortalamasi olan sorular Yaptiginiz
isten memnun musunuz (X = 2.81) ve Is giivenligi
egitimi  aldiysaniz  egitimin faydast oldugunu
diisiiniiyor musunuz (X = 2.70) dur. Personellerin
anket sorularmma verdikleri cevaplarin detaylar1 da
incelenmigtir. “Yasadiginiz ilde Belediye, Valilik,
Liman Baskanlig1 vb. kurumlar tarafindan balik¢iliga
yonelik yapilmasini istediginiz bir ¢aligma var mi1?”
ifadesine katilimcilarin 54’ (%52,4) evet, 49’u (%
47,6) hayir cevabimi vermistir. “Liman Baskanligi
tarafindan verilen hizmetlerden memnun musunuz?”
ifadesine katilimcilarm 75’1 (%72,8) evet, 28’i
(%27.2) hayrr cevabmi  vermistir.  “Bagh
bulundugunuz limana baglarken baglama yerinizin
yapisi tekneyi limana baglamanizi giiglestiriyor mu?
(Halatlar, samandiralar, vb.)” ifadesine katilimcilarin

52°si (%50,5) evet, 51’1 (%49.5) hayir cevabmi
vermistir. “Is Saghgi ve Giivenligi hizmeti aliyor
musunuz?” ifadesine katilimcilarin 27’si (%26,2)
evet, 56’s1 (%54.4) hayir, 20°si (%19.4) bilgim yok
cevabini vermistir.

Anket sorularma verilen cevap ortalamalar ile
cinsiyet ve medeni durum degiskenleri arasinda
anlamli  fark  go6zlenmemistir.  Anket cevap
ortalamalar1 dikkate alindiginda yas ve mesleki
tecriibe degiskenleri ile anlamli bir fark oldugu
belirlenmistir.  Farkin  hangi gruplar arasinda
oldugunu belirlemek i¢in LSD testi yapilmistir. Yas
degiskeni igin; 19-24 yas grubu ile 25-35 yas grubu
arasinda 19-24 yag grubu lehine ve 19-24 yas grubu
ile 36-45 yag grubu arasinda 19-24 yas grubu lehine
anlamli farklilik oldugu go6zlenmistir. Mesleki
tecriibe degiskeni igin; 1 yildan az ile 5-10 yil
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arasinda 1 yildan az lehine, 1 yildan az ile 10 y1l iizeri
arasinda 1 yildan az lehine, 1-5 yil ile 5-10 yil
arasinda 1-5 yil lehine, 1-5 yil ile 10 yil iizeri
arasinda 1-5 yil lehine anlamli farklilik oldugu
gdzlenmistir.

Personellerin anket sorularina verdikleri cevaplar
incelendiginde; yas seviyeleri agisindan en yiiksek
ortalamanin 19-24 aras1 yas grubu (X = 1.69) ve en
diisiik ortalamanin ise 36-45 arasi yas grubu (X =
1.43) oldugu, 6grenim diizeyi acisindan en yiiksek
ortalamanin yiiksekokul grubu (X = 1.62) ve en
diisiik ortalamanin ise lisansiistii grubu (X = 1.49)
oldugu, mesleki tecriibe acisindan en yiiksek
ortalamanin 1 yildan az grubu (X = 1.66) ve en diisiik
ortalamanin ise 10 y1l iizeri grubu (X = 1.38) oldugu
goriilmektedir.

Buna gore 19-24 arasi yas, yiiksekokul mezunu ve
1 yildan az mesleki tecriibeye sahip personellerin
diger gruplardaki personellere gore balik¢ilik
faaliyetindeki ISG ¢aligmalarma iliskin daha olumlu
cevaplar verdigi belirlenmistir. Etki biyiikligi
analizine gore de yas ve mesleki tecriibe
degiskenlerinin balik¢ilik faaliyetinde kullanilan
teknelerde ISG’nin incelenmesi acisindan ¢ok yiiksek
etkiye sahip olan bir degisken oldugu tespit
edilmistir.

Sonug¢

Elde edilen veriler, yetkili kamu kurum ve

kuruluglarinin ~ balikgilik  faaliyetlerine  yonelik
yetersiz calismasi ile teknelerin limana
baglanmasinda yasanan sorunlar iizerine

yogunlagmistir. Yetkili kamu kurum ve kuruluslarinin
balik¢ilik faaliyetlerine yonelik yetersiz calisma
sorunu, balik¢ilik faaliyetinde bulunan personeller ile
yetkili kamu kurum ve kuruluslart arasindaki zayif
iletisimden kaynaklanabilir. Yetkili kamu kurum ve

kuruluglar1 ~ balikgilik  faaliyetlerine  ydnelik
calismalarini siirdiirmektedir ancak elde edilen veriler
balik¢ilik  faaliyetlerinde  gorevli  personellerin

taleplerinin giderilmesi konusunda yeterli olmadigini
gostermektedir. Bahsedilen sorun yetkili kamu kurum
ve kuruluslarinin balikgilik faaliyetlerine yonelik
calismalar1 programlamasinda balik¢ilik faaliyetinde
bulunan personellerin goriislerini de dikkate alarak
gerceklestirmesi ile ¢oziilebilir. Boylelikle limandaki
tekne baglama bolgelerinin yapisindaki sorunun da
¢oziime kavusacagi diisiiniilmektedir.

Analiz verilerinden ¢ikan diger bir sonug ise
balik¢ilik faaliyetlerinde ISG hizmeti eksikligidir.
Balik¢1 gemilerinin faaliyetleri Avrupa Toplulugunda
Ekonomik Faaliyetlerin Siiflandirilmasina (NACE)
gore 03.11.01 koduna [Deniz ve kiy1 sularinda
yapilan balikgilik (girgir balikgiligi, dalyancilik
dahil)] sahip olup Is Saglhign ve Giivenligine iliskin
Isyeri Tehlike Smiflari tebligine gére "Tehlikeli Isler”
smifinda yer almaktadir (T.C. Resmi Gazete, 2012).
Bu nedenle balikgilik faaliyetlerinin yiiriitildiigi

teknelerde Is Sagligi ve Giivenligi mevzuatina gore
ISG hizmeti alimi yasal zorunluluktur. Balikelik
faaliyetlerinde ISG hizmeti alimmin saglanmamasi
isverenlerin ISG konusundaki bilgi eksikliginden

kaynaklanabilir. Caligma ve Sosyal Giivenlik
Bakanhigi’nin  ISG  hizmeti alim  zorunlulugu
hakkinda  egitimler  diizenleyerek  isverenleri

bilgilendirmesi ve yine bakanliga bagl miifettislerin

denetimlerini  arttirmasi ile bahsedilen  sorun
¢oziilebilir.
Tesekkiir
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Abstract: In the present study, 14 sampling stations along the Dalyan-1ztuzu beach were sampled in June and
July 2019 for the examination of microplastics. Samples were taken from surface waters (0-15 cm) using a
manta trawl with a towing speed of 2 knots/h and a towing duration of 20 minutes. Microplastics were separated
according to their shapes, types and sizes under a binocular stereo microscope. Results indicated that, the
average density of microplastics were 0.148 +0.07 particles/m?. Microplastic densities in the present study were
lower compared to those of earlier studies carried out in the other parts of Mediterranean coasts and the Sea of
Marmara.

Keywords: Mediterrenean, Iztuzu Beach, Dalyan, Microplastics, Pollution, Protected Area

Dalyan-iztuzu (Dogu Akdeniz) Sahilinde Mikroplastik Kirliliginin
Arastirilmasi

Ozet: Bu calismada, Dalyan- iztuzu sahili boyunca 2019 yilinda Haziran ve Temmuz aylarinda 14 istasyonda
ornekleme yapilmistir. Ornekler, su yiizeyinden (0-15 cm) 2 deniz mili/saat hizinda ve 20 dakika siire ile cekilen
Manta net ile alinmigtir. Mikroplastikler bindkiiler stereo mikroskop altinda sekillerine, ebadina ve tiplerine gore
ayrilmistir. Calismanin  sonucunda mikroplastik yogunlugu ortalama 0,148 + 0,07 partikiil/m? olarak
belirlenmistir. Bu ¢caligmadan elde edilen degerlerin Marmara ve 6zellikle Akdeniz bolgesinde yapilan ¢alismalar
ile karsilastirildiginda ¢ok daha diisiik oldugu tespit edilmistir.

Anahtar Kelimeler: Akdeniz, iztuzu Plaji, Dalyan, Mikroplastikler, Kirlilik, Korunan Alan

Giris

Plastigin asir1 iretiminden dolay1 ortaya ¢ikan
plastik atiklar ¢agimizin en biiytik tehlikelerinden biri
haline gelmistir (Giindogdu, 2018). Plastik iiretimi
diinya bazinda bakildiginda 2016 yilinda 359 milyon
tona ulagmistir (Plastic Europe, 2020). Plastik iiretimi
icin fark yaratacak ve kullanimini azaltacak onlemler
alinmaz ise, yeryiiziindeki plastik atik yogunlugunun
26 milyar tona wulasacagi ve plastik tehlikesi
boyutunun tahmin edilemez bir hale gelecegi
ongoriilmektedir (Geyer vd., 2017).

Tiirkiye’deki plastik iiretimi 2020 yilinda 8
milyon ton olarak belirlenmistir (PAGEV, 2020). Son
yillarda plastik ithalatt {iretimin artisiyla benzer
oranda ciddi bir artig gostermistir. Tiirkiye 2020
yilinda 772.831 ton plastik ithal etmistir (Glindogdu
ve Walker, 2021). Sonug olarak Tiirkiye'nin yogun
sekilde ithal ettigi ve iirettigi plastik {irlinlerin deniz
kirliligine yol agtig1 ve denizdeki canliligi tehlikeye
attig1 bildirilmektedir (Giindogdu ve Walker, 2021).
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Mikroplastikler  kiigiik  boyutlarindan  dolay1
kopepodlarin, kabukluklarin, bentik omurgasizlarin,
baliklarin deniz kaplumbagalarinin ve gesitli canli
tiirleri tizerindeki sindirim sistemlerinde takili kalarak
i¢ organlarina zarar verdigi, yavas yavas gida alimini
siirlayarak veya tamamen Onleyerek beslenme
yetersizligine yol actif1 bircok caligma tarafindan
desteklenmigtir. (Duncan vd., 2018; Giindogdu ve
Cevik, 2019a; Tunger vd., 2019)

Akdeniz bolgesi plastik  kirliligi  agisindan
Diinya’daki kirliligi en yliksek denizlerden biridir
(Giindogdu, 2017). Akdeniz’de yapilan ilk
mikroplastik ¢alismalari ile gliniimiiz ¢aligmalar1 baz
alindiginda ortaya ¢ikan fark, metrekare basina diisen
mikroplastik yogunlugunun 10 kata kadar daha fazla
oldugunu gostermektedir (Tunger vd., 2018). Bu
durum g6z 6ntinde bulunduruldugunda bir¢ok canliya
ev sahipligi yapan Akdeniz bdlgesinin gerek kiy1
gerekse denizlere ulasan mikroplastik kirliliginin
giinden giine artmasina ve bolgedeki canlilarin zarar
gormesine sebebiyet vermektedir (Giindogdu ve
Cevik, 2019b).

Akdeniz ve Ege denizinin kesistigi yerde kalan
Iztuzu plaji 1988 yilinda Dalyan lagiinii ve Kdycegiz
goli ile birlikte Caretta caretta ve Cydonia mydas
deniz kaplumbagalarinin iireme alani olarak koruma
altina alinmistir (Giil vd., 2019). Akdeniz bolgesinde
koruma altinda olan deniz kaplumbagalart uzun
yasam dongiileri, yiyecek arayiglart ve disi
bireylerinin her sene yumurtalamak i¢in dogduklari
alanlarda yumurtlama egiliminden dolay1 denizel

ekosistemde sikca yer degistirmektedirler (Kaska vd.,
2010). Ozellikle ilk dogduklarinda savunmasiz bir
halde olan deniz kaplumbagalar1 igin yapilan
calismalar bu tir deniz kaplumbagalari icin
mikroplastiklerin ne kadar tehlikeli olabilecegini
kanitlar niteliktedir (Di Renzo vd., 2021; Cardona
vd., 2009).

Iztuzu plaji birgok yénden arastirilmis olmasina
ragmen bolgede mikroplastik calismasi
yapilmamistir. Her sene yaz aylarinda yiizlerce
kaplumbaganin ~ yumurtlama alant olan ve
biyocesitlilik bakimindan iilkenin sayili
kumsallarindan iztuzu plajinda mikroplastik kirliligi
aragtirmasi yapilmasi bu nedenlerden dolay1 biiyiik
oneme sahiptir. Iztuzu plajimn littoral kesiminde
ylriitilen bu ¢aligmada, turizmden kaynaklanan
antropolojik etkenlerin mikroplastik kirliligine olan
etkilerinin arastirilmasi amaglanmistir.

Materyal ve Yontem
Calisma Bolgesi

Dalyan-iztuzu Plaji 36.79014° Kuzey 28.6232°
Dogu  koordinatlarinda  bulunmaktadir.  Bati
kesiminde Marmaris ilgesi, dogu kesiminde ise
Ortaca ile Dalaman ilgeleri bulunmaktadir. Iztuzu
plaji yaklagik 4.5 kilometre ve 150-200 metrelik bir
genislige sahiptir. Bolgedeki bakirligin
stirdiiriilebilmesi ve koruma alan1 ilan edilmesinden

dolay1 imar planlanmasi yapilamamaktadir (CSB,
2021) (Sekil 1).

28°34'E 28°35'E

North

28°36'E 28°37'E 28°38'E

36° 48'N

36° 47'N

36° 46'N

Sekil 1. Orekleme igin belirlenen 14 istasyon
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Ornekleme

Calisma bolgesinde toplam 14 farkli istasyonda,
2019’un haziran ve temmuz aylarinda Srneklemeler
gerceklestirilmistir. Ornekleme 5 metrelik bir bot

net ile 20 dakika boyunca erken saatlerde
gerceklestirilmistir. Calisma esnasinda 28296 m?’lik
bir alan taranmistir. Her istasyon i¢in baslangic ve
bitis koordinatlar1 anlik olarak not alinmistir (Tablo
1). Ornekler 6rnekleme siselerine %4 liik formaldehit

yardimiyla, 2 knot sabit hizda, su yiizeyinden manta

soliisyonu

ile

fikse

edilerek

Tablo 1. Istasyonlarin konum, saat, tarih, mesafe ve siiziilen su miktar1 verileri

: Konum ” . Mesafe  Siiziilen su miktari
Istasyon (Erdkne) Konum (Bitis)  Saat Tarih ) m)
36°47'48.55" K  36°46'59.56" K
MP1 10:31 20.06.2019 1720 206,4
28°36'1.89" D 28°36'34.70"D
36°46' 58.19" K  36°45'55.32"K
MP2 11:05 20.06.2019 1930 231,6
28°36'35.20"D  28°36'37.87"D
36°45'54.70" K 36°46'20.37" K
MP3 12:06 20.06.2019 1860 223,2
28°36'38.82"D  28°37'39.41"D
36°46'27.42"K  36°47'11.58"K
MP4 08:58 26.06.2019 1840 220,8
28°37'16.41"D  28°36'17.23"D
36°47'15.17"K  36°46' 6.51"K
MP5 09:31 26.06.2019 1950 234
28°36'22.24"D  28°36'44.19"D
36°45'52.38" K 36°46'25.14"K
MP6 10:38 26.06.2019 1900 228
28°36'44.3" D 28°37'22.86"D
36°46'41.81"K  36°47'32.09"K
MP7 06:41 02.07.2019 1940 232,8
28°37'35.48"D  28°36'47.67"D
36°47'31.34"K  36°48'3.30"K
MP8 07:29 02.07.2019 1680 201,6
28°36'42.41"D  28°36'0.70"D
36°47'51.32" K 36°48'40.17"K
MP9 08:21 02.07.2019 1640 196,8
28°35'44.13"D  28°35'22.81"D
36°48'39.55" K 36°47'44.09" K
MP10 09:30 02.07.2019 1590 190,8
28°35'22.89"D  28°35'40.57"D
‘ 36°47'46.59"K 36°47'11.54"K
MP11 10:47 02.07.2019 1870 2244
28°35'50.56" D  28°36'46.31"D
36°46'20.33" K 36°45'36.82" K
MP12 07:25 29.07.2019 1560 187,2
28°37'26.04"D 28°36'48.57"D
36°45'35.65" K  36°46'28.23" K
MP13 07:55 29.07.2019 1600 192
28°36'48.99"D 28°36'47.47"D
36°46'24.16" K 36°46' 30.04" K
MP14 08:37 29.07.2019 1730 207,6

28°36'41.16 D

28°37'32.96" D

saklanmustir.

Laboratuvar Calismalari

Orneklerden mikroplastiklerin ayrilmasi islemi
Masura vd. (2015) ydntemi ile yapilmistir. Ornekler 5
milimetre ve 300 mikrometre olan paslanmaz gelik
eleklerle siiziilmiistiir ve sonrasinda elek {izerinde
kalan malzeme distile su i¢inde cam kavanozlarda
saklanmstir. Ortamdaki organik maddeyi
uzaklastirmak i¢in %32 H20; ilave edilmistir.

Eklenen H,0O, organik madde tamamen ortamdan
uzaklastirilincaya kadar 1sitict  tabla yardimiyla
sitilmigtir. Bu igslemden sonra kalan materyal stereo
mikroskop altinda (SZX 16, ZEISS) incelenmis ve
tespit edilen mikroplastikler tiplerine, boyutlarina ve
sekillerine (Sekil 2, 3) gore siniflandirilarak
Olciimleri ve sayimlar1 gergeklestirilmistir (Tablo 3).
Ornek saymmu ii¢ defa tekrar edilmistir.
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Sekil 2. Mikroplastik partikiilii

Sekil 3. A)Fibril/ipliksi B)Kiiresel/Oval C)Film/yass1 D)Diizensiz plastik pargacik

Bulgular

Bu c¢alismanin sonucunda ortalama mikroplastik
0,148 partikiil/m? olarak belirlenmistir. Taranan
bolgede toplam 16 adet ipliksi, 83 adet film, 2 adet
kopiik, 5 adet kiiresel tip ve 300 adet diizensiz plastik
parcacik tespit edilmistir. Calismada elde edilen
toplam  mikroplastik sayis1 406 adet olarak
belirlenmistir. Elde edilen mikroplastik partikiilleri
renk Ozellikleri bakimindan degerlendirildiginde;12
farkli renkte mikroplastik tespit edilmistir (Tablo 2).
Istasyon bazinda MP1°de 27, MP2’de 43, MP3’te 10

MP4’te 28 MP5’te 33, MP6’da 11, MP7°de 20,
MP8’de 41, MP9’da 26, MP10°da 33, MP11’de 7,
MP12°’de 62, MP13’te 38 ve MPl14’de 27 adet
mikroplastik tespit edilmistir. Mikroplastigin en
yogun oldugu calisma alanm1 MP12 olmustur. Bu
calismada, Iztuzu sahilinde en fazla diizensiz
parcacik tipindeki mikroplastiklere rastlanmistir
(Sekil 4). Renk olarak en ¢ok siyah, ardindan beyaz
renkli mikroplastikler tespit edilmistir.
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Tablo 2. Tip, boyut, renk ve sekilsel olarak inceleme

MP MP MP MP MP MP MP MP MP MP MP MP MP MP
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fibril 1 - 2 1 - - - 2 - - - 1 4 5
Film 8 13 1 18 7 8 3 5 3 - 2 9 4 2
Tiplerine Kopiik - - - - - -1 - 1 - - - -
gore
Dizensiz 18 30 6 9 25 2 17 33 23 30 5 52 30 20
Pargaciklar
Kiiresel partikiil - - 1 - 1 1 - - - 2 - - - -
<01 mm 2 6 - 3 1 2 2 9 2 6 1 14 7 1
Boyutlarma ) e 4 4 2 1 10 - 2 2 1 13 6 19 15 1
gore
1-5mm 21 33 8 24 22 9 16 30 23 14 - 29 16 25
Siyah 8 20 2 4 8 2 11 5 6 11 2 24 14 4
Mavi 3 9 2 6 9 2 1 8 3 6 - 10 2 8
Kahverengi 3 - - - - - - - - 1 - 2 - 3
Krem - - - - - - - 2 - - 4 3 -
Gri 2 - - 1 - - 4 - - - - - -
Yesil 5 3 1 - 3 1 - 1 3 4 1 5 - 5
Rf:nklerme Turuncu 2 1 - - - - 3 2 - 1 1 1 -
gore
Pembe -1 - - 1 1 - 1 3 - 1 - -
Mor - - - - - - - - 2 - - - -
Kirmiz1 - 2 - 2 - 2 - 3 - 1 - - 3 -
Beyaz 4 7 3 10 10 3 1 18 6 8 2 12 12 7
Sar1 - - 1 2 2 - - - 1 - - 3 2 -
Turkuaz - - 1 3 - - - 1 2 2 1 - 1 -
Yassi 8 13 18 18 7 8 6 5 3 2 52 4 7
Sekillerine Oval - 3 - - 6 1 5 3 3 5 9 - -
gore ipliksi 1 - 2 1 - - - 2 3 - - 1 - -
Diizensiz 18 27 9 9 20 2 14 29 17 30 - - 30 15
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Sekil 4. Calisma sirasinda istasyonlarda bulunan yogun mikroplastikler

Tartisma

Akdeniz bolgesinde bir¢gok mikroplastik ¢alismasi
yapilmigtir. Bulunan mikroplastik miktart Onceki
caligmalar ile karsilastirildiginda giincel
caligmalardan ¢ok daha oOnceki ¢aligmalar ile
paralellik gosterdigi tespit edilmektedir (Tablo 3).

Ozellikle Akdeniz ve Marmara denizinde son
yillarda gergeklestirilen arastirmalarda mikroplastik
kirliliginin ~ yillar  igerisinde  artig  gosterdigi
goriilmektedir. (Van der hal vd., 2017; ; Ruiz Orejon
vd., 2016; Suaria vd., 2016; Giindogdu, 2017).
Yapilan bu c¢alismada, miktar olarak en fazla
diizensiz mikroplastik partikiiller bulundugu, film tip
mikroplastiklerin bunu takip ettigi belirlenmistir
(Tablo  2). Mikroplastik tiplerinin  bulunus
yogunluklariyla ile ilgili olan bu durum, onceki
caligmalarla paralellik gostermektedir (Tablo 3)
(Glindogdu ve Cevik 2017; Giindogdu, 2017; Tuncer
vd., 2018; 2020).

Bu calismada say1 ve tip bakimindan bir¢ok
mikroplastik  tespit  edilmistir. Mikroplastik
kirliligine bagli olarak istasyonlar arasindaki en
yiksek deger MP12 istasyonunda goriilmiistir. Bu
durum MP12’nin akintt ve dalga hareketleri
bakimindan durgun bir bdlge olmasimdan dolay1
siriiklenen materyalin bu alanda birikmesi olarak
aciklanabilir (CSB, 2020).

Onceki c¢alismalar ve bu calismanmn verileri
degerlendirildiginde genelde diizensiz mikroplastik
pargaciklari bulundugu ortaya konulmustur (Tunger

vd., 2018; Giindogdu, 2017). Bu durumun, daha dnce
kullanilip bir sekilde dogaya karisan plastik atiklarin
zaman i¢inde dogal veya antropolojik yollarla
pargalanmasi sonucunda ortaya ciktig1
distiniilmektedir (Yurtsever, 2015).

Deniz kaplumbagalar1 plastik atiklar1 besin olarak

algilayip plastiklerle beslenme davranigi
gostermektedir. Plastik parcalarin biiyikk bir kismi
sindirilemedigi i¢in i¢ organlarda takili kalip

canlilarda cesitli saglik sorunlarina yol agmaktadir
(Schuyler vd., 2014). Ozellikle bagirsak icine takili
kalan plastik atiklar deniz kaplumbagalarini 6liime
kadar goétiirebilmektedir. Yapilan c¢aligmalar 6len
deniz kaplumbagalarinin biiyiik kisminin viicudunda
plastik atik oldugunu gostermektedir (Wilcox vd.,
2018). Deniz kaplumbagalarinin organlarinda ¢ok
sayida mikroplastik  bulunmaktadir.  Yakindan
bakildiginda 6len deniz kaplumbagalarinin yarisindan
fazlasimin tlim sindirim sisteminde mikroplastige
rastlanilmaktadir. Ancak dogrudan mikroplastikten
dolay1r olim kaydi: bulunmamaktadir (Duncan vd.,
2018). Bununla birlikte, mikroplastik birikiminin
deniz kaplumbagalar1 i¢in ne kadar ileri gidebilecegi
ve ne kadar zararli olabilecegi konusundaki
arastirmalar belirsizligini stirdiirmektedir.

Bu calismada belirlenen mikroplastik
yogunlugunun, Akdeniz ve Marmara Denizi’'nde
yapilan ¢alismalara gére (Tunger vd., 2018) oldukga
disik  oldugu sonucuna  varilmistir.  Bunun
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nedenlerinden biri olarak Dalyan-iztuzu Plajinin
koruma alanmi olarak kabul edilmesi (Soimin vd.,
2020), ayn1 zamanda deniz kaplumbagalarinin
yumurtlama sahili olmasindan dolay1 6zel bir 6nem

atfedilmesi nedeniyle antropolojik etkilerin en diisiik
diizeyde olmasidir. Insan etkisinin azaltilmasinin
kirliligi dogrudan etkiledigi goriilmektedir.

Tablo 3. Tirkiye kiyilarinda yapilan mikroplastik ¢aligmalari (Giindogdu (2017) c¢aligmasindan alinarak

giincellenmistir)
Lokasyon Ornekleme Ortalgn:l.a MP Referanslar
zamani (partikiil/m?)
Akdeniz 1997 0,119 Konillios vd. (1998)
Kuzeybat1 Akdeniz 2010 0,116 Collignon vd. (2012)
Akdeniz 2011 0,310 Fossi vd. (2012)
Akdeniz 2011-2012 0,062 Collignon vd. (2014)
Akdeniz 2013 0,250 Cozar vd. (2015)
Akdeniz 2011-2012 0,147 Ruiz-Orejon vd. (2016)
Akdeniz 2013 0,400 Suaria vd. (2016)
Akdeniz 2016 0.376 Giindogdu ve Cevik (2017)
Akdeniz 2015 0,163-0,520 Giiven vd. (2017)
Akdeniz 2015 1,518 Van der hal vd. (2017)
Kuzeydogu Akdeniz 2017 1,067 Giindogdu (2017)
Marmara Denizi 2017 1,263 Tunger vd. (2018)
Kuzey Ege Denizi 2019-2020 2,554 Tunger vd. (2020)
Dogu Akdeniz 2019 0,148 Bu caligma

Sonug

Plastik kirliligi ¢cevreyi ve canliligi 6nemli sekilde
etkilemektedir. Yapilan son caligmalar ile birlikte
canlilarin sindirim sistemlerinde bulunmasina karsin
kronik olarak zararlari kesin olarak
belirlenememektedir. (Giindogdu ve Cevik, 2019b;
Tunger vd., 2019). Bu durumdan dolayt plastik
kirliliginin kontrol altinda tutulmasi gerekmektedir.
Bu tip arastirmalarin devam ettirilmesi, giincel
durumun belirlenmesi bakimindan onem
tagimaktadir.
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Abstract: This study aimed to determine the spatial and temporal variation of species diversity and CPUE in
trawl fisheries in the Central Aegean Sea (Sigacik Bay). The study also aimed to evaluate changes in some
biometric parameters (mean and frequency of length) depending on the season and depth for three important
commercial species (Parapenaeus longirostris, Nephrops norvegicus and Illex coindetii). Monthly trawl
samplings were carried out in three depth strata (0-200; 201-400 and 401-600 m) between May 2008 - April
2009. A total of 111 species were identified including 74 Osteichthyes, 13 Chondrichthyes, 18 Cephalopods and
6 Crustaceans. The highest species diversity and catch per unit effort (CPUE) values were obtained at 201-400 m
strata. Among these, Osteichthyes had the highest frequency and CPUE values in all strata and seasons. Summer
was the season with the highest CPUE in all groups followed by a decrease until winter due to openning of trawl
fisheries in the Autumn. The mean carapace length of P. longirostris, the target species in Sigacik Bay trawl
fisheries, increased with depth and this species was more abundant at the 201-400 m strata.

Key words: Species Diversity, CPUE, Fish, Cephalopoda, Crustacea, Sigacik Bay

Sigacik Korfezi'nde (Orta Ege Denizi, Tiirkiye) Demersal Topluluklarin
Mekansal ve Zamansal Ozellikleri

Ozet: Bu calisma, Orta Ege Denizi'nde (Sigacik Korfezi) trol balik¢iliginda tiir gesitliligi ve CPUE'nin mekansal
ve zamansal degisimini belirlemeyi amacglamistir. Calismada ayrica ii¢ Onemli ticari tiir (Parapenaeus
longirostris, Nephrops norvegicus ve Illex coindetii) i¢in mevsime ve derinlige bagli olarak bazi biyometrik
parametrelerin (ortalama boy ve boy frekansi) degisiminin degerlendirilmesi de amaglanmistir. Aylik trol
orneklemeleri Mayis 2008 ile Nisan 2009 tarihleri arasinda 3 derinlik katmaninda (0-200; 201-400 ve 401-600
m) gerceklestirilmistir. 74’1 Osteichthyes, 13’ii Chondrichthyes, 18’1 Cephalopoda ve 6’s1 Crustacea grubunda
olmak tizere toplam 111 tiir tespit edilmistir. En yiiksek tiir ¢esitliligi ve birim ¢aba basina av miktar1 (CPUE)
degerleri 201-400 m derinlik katmaninda elde edilmistir. Gruplar arasinda, tiim katmanlarda ve mevsimlerde en
yiksek frekans ve CPUE degerlerine Osteichthyes grubu sahiptir. Yaz mevsimi, tiim gruplarda CPUEnin en
yliksek oldugu mevsimdir ve sonrasinda sonbaharda baslayan balik¢iligin etkisiyle degerler kisa kadar
diigmistiir. S1gacik Korfezi trol balik¢iliginda hedef tiir olan P. longirostris'in ortalama karapaks boyu derinlikle
birlikte artmis ve bu tiir 201-400 m derinlik katmaninda daha bol bulunmustur.

Anahtar kelimeler: Tiir Cesitliligi, CPUE, Balik, Cephalopoda, Crustacea, Sigacik Korfezi
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Introduction

Demersal resources have an important place in the
Aegean Sea fisheries which provides 15% of the total
capture fishery in Turkey (TURKSTAT, 2021) and
90% of these resources were caught by trawl fisheries
(Kinacigil and Tlkyaz, 1997). There are 786 registered
trawlers in Turkey and 55 of these trawlers are
registered in the coastal ports of the Aegean Sea
(TURKSTAT, 2021). Sigacik Bay located in the
Central Aegean Sea is considered one of the most
efficient trawling zones in the Aegean Sea. The
national waters of Sigacik Bay at depths of 100-400
m are fished extensively by trawlers. According to
the regulations, trawl operations in the Sigacik Bay
are allowed between September and March in
national waters and between July 15 and September
15 in international waters (BSGM, 2008-2020). Deep
water rose shrimp (Parapenaeus longirostris)
dominates the catch composition in the trawl fisheries
in the Sigacik Bay (Soykan et al. 2016). Furthermore,
in the Central Aegean Sea trawl fisheries, of the 83
species caught in addition to target species P.
longirostris, 34 species have commercial value.
Nephrops norvegicus in the Crustacea group, lllex
coindetii in the Cephalopoda group, Trachurus
mediterraneus, Merluccius merluccius and Lophius
sp. in the Osteichthyes group are other most captured
commercial species (Soykan et al. 2016).

Catch in numbers or weight represents the
removal of biomass and individuals from the
ecosystem, and it is the fundamental impact that
fishing has on fish populations. Also, catch per unit
of effort (CPUE) is often used as an index of stock
abundance (De Graaf et al. 2015). For sustainable
fisheries, the effects of trawl fisheries on diversity

26°27’'E

and abundance of demersal resources should be
defined by determining the spatial and temporal
variation of the catch. Therefore, this study aimed to
determine the variation of species diversity and
CPUE in trawl fisheries in four seasons (including
banned season) and three strata (0-200; 201-400, and
401-600 m). The study also aimed to determine
changes in some biometric parameters (mean and
frequency of length) depending on the season and
depth for P. longirostris, N. norvegicus and I.
coindetii).

Materials and Methods

This study was carried out by obtaining the legal
permission (Date: 05.05.2008, Number: 1164 34587)
from the Republic of Turkey Ministry of Agriculture
and Forestry, General Directorate of Fisheries and
Agquaculture.

Study areas and sampling

The study was conducted between May 2008 and
April 2009 in Sigacik Bay located on the Central
Aegean Sea (Figure 1). Monthly samplings were
obtained from 0-200, 201-400, and 401-600 m strata
with a commercial demersal trawler (F/V Hapuloglu -
27 m LOA). The duration of each haul was 1 hour at
2.5 knots. Trawling was carried out during daylight
hours i.e. from dawn to dusk. A conventional bottom
trawl with a circumference of 1100 meshes and a
codend of 44 mm mesh size was used in all
operations. Further information on the characteristics
of the gear is available in Aydin and Tosunoglu
(2009).

27°00’E

Figure 1. Study area and trawl hauls (lines)
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After each haul, catches were landed on the deck.
All species were defined according to Whitehead et
al. (1984) and Fischer et al. (1987) and separated into
four main  species  groups  (Osteichthyes,
Chondrichthyes, Cephalopoda, Crustacea). Numbers
and weights of all species were recorded. Doubtful
species were preserved for subsequent identification
in the laboratory. Scientific names for each species
were checked with the FishBase (Froese and Pauly,
2021).

The carapace length (CL) and mantle length (ML)
were measured in millimeter precision on deck for
some important commercial species (CL for P.
longirostris and N. norvegicus; ML for I. coindetii).

Data analysis

The number of species (S), the total number of
individuals (N), “Shannon-Wiener” Index (H’),
Evenness Function (J) and maximum species
diversity (Hmax) were calculated using PRIMER for
each strata and all.

“Shannon-Wiener” Index (H) was used to
calculate species diversity in all strata (Shannon and
Weaver, 1949; Pielou, 1975).

H’:—Zf:(pi*ln pi)

H’; species diversity, pi; ratio of i species to total
number of species, f; total number of species.

Evenness Function (J') was used to state the
distribution of the species numbers (Pielou, 1969).

H/
H

max

3=

H’; species diversity, Hma; maximum species
diversity.

Percentage frequency values of the four main
species groups were calculated for all strata and
seasons. Catch per Unit Effort (CPUE) of four main
species groups were calculated as seasonal and strata
using the following formula of Phiri and Shirakihara
(1999).

> Ci/N¢
D U/Ng

Ci: catch amount per operation (kg); t: hauling
time (hour); N¢: number of operations.

CPUE=

Percentage frequency values of P. longirostris, N.
norvegicus and |. coindetii were calculated for all
strata and seasons. Season-dependent length
distributions were determined for these three species.

Strata-dependent length distribution was also
determined for P. longirostris.

The differences of CPUE values according to
depth and season and four species groups were
analyzed. The differences of CL values in seasons
and strata for P. longirostris and in seasons for N.
norvegicus were analyzed. Data were evaluated using
SPSS Statistics 22.0 (IBM Corp., Armonk, New
York, USA) statistical package program. Number of
units (n), mean + standard deviation (¥ + ss), and
Median (Q1-Q3) values were given as descriptive
statistics. The data were log-transformed prior to the
analysis. The Shapiro Wilk test and Q-Q graphs were
used to evaluate normal distribution of the data and
Kruskal-Wallis analysis was used for non-normally
distributed variables. The assumption of the
homogeneity of variance was tested by Levene’s test
for normally distributed data. One-way analysis of
variance (ANOVA) was applied for comparisons of
groups with homogeneous variance, and the Welch
test was applied to non-homogeneous groups. If there
was a difference between the groups in these tests,
post hoc multiple comparison tests were applied to
find the groups that differed. Games Howell test was
used for normally distributed variables and the Dunn-
Bonferroni test was used for non-normally distributed
variables as a post hoc multiple comparison test. A p
value of <0.05 was considered statistically
significant.

Results
Spatial and temporal distribution

Thirty six hauls were made and a total of 111
species were identified in four main groups (74 of
Osteichthyes, 13 of Chondrichthyes, 18 of
Cephalopoda, and 6 of Crustacea) (Table 1).

When the spatial distribution of the captured
species is examined; in the 0-200 m strata, 74 species
were found (51 Osteichthyes, 7 Chondrichthyes, 14
Cephalopoda, and 2 Crustacea) (Table 1). In addition
to P. longirostris, which is dominant in terms of
abundance, the incidence of Macroramphosus
scolopax, Citharus linguatula, Scyliorhinus canicula,
M. merluccius was also high. Most of the
Chondrichthyes and Cephalopoda caught in this zone
belonged to S. canicula and 1. coindetii. (Table 1).

In the 201-400 m strata, 77 species were
identified (47 Osteichthyes, 9 Chondrichthyes, 17
Cephalopoda, and 4 Crustacea) (Table 1). P.
longirostris still predominated in terms of abundance
(Table 1). Gadiculus argenteus and M. merluccius
were dominant Osteichthyes species (Table 1). Most
of the Chondrichthyes and Cephalopoda caught in
this zone belonged to S. canicula, Sepietta sp. and I.
coindetii.
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Table 1. List and number of captured species according to depth strata.

g‘;ﬁg;gf_} TS Total | 0-200 | 201-400 | 401-600
Antonogadus megalokynodon 2 1 1
Argentina syphyraena 728 71 656 1
Argylopelecus hemigymus 7 7

Arnoglosus rueppelli 11 1 5 5
Arnoglossus thori 11 11

Arnoglosus laterna 602 577 24 1
Blennius ocellaris 1 1

Boops boops 626 236 390
Caelorhynchus caelorhynchus 2006 830 1176
Callionymus spp 5 5

Capros aper 853 313 531 9
Cephola macrophalma 25 24 1
Chlorophthalmus agassizi 2057 1 1939 117
Citharus linguatula 3468 3439 26 3
Conger conger 43 36 4 3
Deldentosteus quadrimaculatus 2 2

Dentex macrophthalmus 107 107

Diaphus spp. 39 1 38
Echiodon dentatus 1 1
Engraulis encrasicholus 48 48

Epigonus constanciae 67 40 27
Eutrigla gurnardus 175 175

Gadidae 1 1
Gadiculus argenteus 24614 3 24604 7
Gaidropsaurus biscayensis 1 1
Glossanodon leioglosus 387 347 39 1
Gnathophis mystax 3 2 1
Helicolenus dactylopterus 408 79 329
Hoploptethus mediterraneus 1703 264 1439
Hymrnocephalus italicus 2857 4 1707 1146
Lampanycthus sp 18 2 16
Lepidopus caudatus 238 113 121 4
Lepidorhombus boscii 179 1 109 69
Lepidorhombus whiffiagonis 121 121
Lepidotrigla cavillone 1474 1456 18
Lesueurigobius friseii 30 29 1
Lesueurigobius sueurii 5 5

Lophius spp 3458 3145 199 114
Macropramphosus sp. 3877 3677 195 5
Maurolicus muellei 1 1

Merluccius merluccius 6004 3115 2821 68
Micromesistius potassou 100 44 56
Molva dipterygia 8 1 7
Molva macrophthalma 11 3 8
Mullus barbatus 827 826 1

Mullus surmuletus 37 33 4
Myctophidae 68 18 50
Nettastoma melanurum 3 3
Nezumia sp. 1444 3 1441
Nezumia sclerorhynchus 176 176
Ophidion barbatum 2 2

Pagellus acarne 1 1

Pagellus bogaraveo 181 10 92 79
Pagellus erythrinus 1 1

Peristedion cataphractum 275 2 272 1
Phycis blennoides 2477 1441 1036
Scomber scombrus 2 2
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Table 1 continued.

g‘;ﬁg;gf_} TS Total | 0-200 | 201-400 | 401-600
Scorpeana notata 2 2

Serranus cabrilla 10 10

Serranus hepatus 167 165 2

Stomias boa 10 10
Spicara (flexuosa) maena 37 37

Spicara smaris 8 6 2

Spicara spp 45 45

Sudis hyaline 1 1
Symphodus nigrescens 5 2 2 1
Trachinus draco 11 11

Trachurus trachurus 1361 1287 73 1
Trigla lucerna 1 1

Trigla lyra 66 38 25 3
Trigloporus lastoviza 7 6 1

Trisopterus minitus 1 1

Uranoscopus scaber 29 29

Zeus faber 44 38 6
Chondrichthyes

Chimera monostrosa 113 1 112
Dasyatis lichia 1 1
Dasyatis pastinaca 1 1

Etmopterus spinax 286 62 224
Galeus melastomus 603 149 454
Oxynotus centrina 1 1

Raja asterias 1 1

Raja clavata 74 19 53 2
Raja oxyrinchus 22 3 17 2
Torpedo marmorata 3 3

Scyliorhinus canicula 3644 1830 1790 24
Squallus blainville 80 3 71 6
Mustelus mustelus 1 1

Cephalopoda

Sepietta sp. 1196 269 870 57
Rossia macrosoma 145 7 122 16
Neorossia caroli 143 4 139
Sepia officinalis 52 52

Sepia orbignyana 557 454 103

Sepia elegans 993 900 93

Abralia verany 27 6 16 5
Todarodes sagittatus 66 23 3 40
Loligo forbesi 5 5

Loligo vulgaris 11 10 1

Illex coindetii 1458 975 435 48
Alloteuthis media 1094 869 225

Octopus vulgaris 29 26 2 1
Octopus salutii 4 3 1
Eledone moschata 204 188 16

Eledone cirrhosa 95 16 70 9
Pteroctopus tetracirrhus 22 9 13
Scaeurgus unicirrhus 6 4 1 1
Crustacea

Aristeomorpha foliacea 2 2

Nephrops norvegicus 359 136 223
Parapenaeus longirostris 46841 13836 30288 2717
Plesionika martia 2844 2844
Plesionika heterocarpus 14074 14074

Squilla mantis 4 3 1
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A total of 63 species (40 Osteichthyes, 8
Chondrichthyes, 11 Cephalopoda, and 4 Crustacea)
(Table 1) were caught in the 401-600 m strata. The
dominant species in this deepest strata were as
follows: Plesionika martia, P. longirostris,
Hoploptethus mediterraneus, species of Nezumia,
Hymrnocephalus italicus, Phycis blennoides. Most of
the Chondrichthyes and Cephalopoda caught in this
zone belonged to Galeus melastomus and Neorossia
caroli.

Species diversity was calculated for Shannon-
Wiener (H'), Evenness Function (J'), and maximum
species diversity (Hmax) as 2.563, 0.544, and 4.710,
respectively. The highest values were obtained at
401-600 m strata for H' (with 2.526) and J' (with
0.610) and at 201-400 m strata for Hmax (with 4.344)
(Table 2).

Table 2. Species diversity values in total and 3 different strata (H': Shannon-Wiener; J': Evenness Function;
Hmax: Maximum species diversity; S: Total species; N: Number of individuals)

Total 0-200 m 201-400 m 401-600 m
H' 2.563 2.430 1.893 2.526
J' 0.544 0.565 0.436 0.610
Himax 4.710 4.304 4.344 4.143
S 111 74 77 63
N 138.668 38.951 85.327 14.390

The spatial variation of the distribution of the
main groups is given in Figure 2. While the
frequencies of Osteichthyes in total catch increase
with increasing depth (43%, 48%, 65%, respectively),
in Chondrichthyes (29%, 20%, 17%, respectively)
and in the Cephalopoda (20%, 11%, 10%,

-+-©--- Osteichthyes
== Cephalopoda

Frequency (%)
= N w By a1 (2] ~
o o o o o o o

o

respectively) a decrease was observed. However, in
Crustacea, which prefer 201-400 m (21%), no change
was observed in distribution depending on the depth
and they showed a distribution of 8% at 0-200 m and
401-600 m strata (Figure 2).

—& - - Chondrichthyes
- X== Crustacea

0-200 m

201-400 m

401-600 m

Figure 2. Spatial variations in frequency of four main groups

The distribution of the main groups according to
the seasons is presented in Figure 3. Osteichthyes, the
main group in all seasons had a frequency of 48% in
the spring and summer, and 50% and 64% in the
autumn and winter, respectively. Frequencies of
Chondrichthyes from spring to winter were 27%,
29%, 15%, and 16%, respectively. The frequency,

which was low in the spring (6%) and summer (8%)
in the Cephalopoda group, increased to 25% in the
autumn and decreased again to 12% in the winter. In
the Crustacea group, the frequency, which was 20%
in the spring, decreased towards the winter with
values of 15%, 10%, and 8%, respectively (Figure 3).
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Figure 3. Seasonal variations in frequency of four main groups

Mean CPUE (kg/h) values of four main groups
and all catches according to season and strata were
presented in Table 3. The highest CPUE values of all
catches were obtained in summer (83.79 + 17.57
kg/h) and at 201-400 m strata (67.51 + 38.93 kg/h).
Among the main groups, Osteichthyes had the
highest CPUE values in all seasons and strata.

Summer was the season with the highest CPUE in
all groups and after that, the values decreased until
winter. The highest values for Chondrichthyes and
Cephalopoda were obtained at 0-200 m strata and a
decrease was observed depending on the depth. On
the other hand, Osteichthyes and Crustacea had the
highest values at 201-400 m strata (Table 3).

Table 3. CPUE (kg/h) values (mean + standart deviation) of main groups and all catches according to season and

strata.
Season/Strata | n | Osteichtyes | Chondrichtyes | Cephalopoda Crustacea Total

Spring 9 | 2246 +15.35 | 12.45+14.05 2.89+2.47 8.83 +£10.58 | 46.62 + 31.66
Summer 9 | 4043+12.65 | 24.23+11.00 6.87 £4.13 12.26 £9.64 | 83.79+ 17.57
Autumn 9 | 37.27+25.78 | 10.89+10.74 6.50 + 4.26 757 £5.72 | 62.23+38.49
Winter 9 | 20.43+11.52 5.31+4.54 4.04 +4.30 272 £230 | 32.49+16.22
0-200 m 12| 25.88+1257 | 17.26+17.71 9.26 +3.19 4.64 £5.28 | 57.04+29.46
201-400 m 12 | 34.33+24.30 14.54 + 8.65 3.66 +3.05 14.98 £9.97 | 67.51+38.93
401-600 m 12 | 29.40 + 18.26 7.86 +6.80 2.28+1.84 3.91 +£2.00 | 44.30+27.05
Total 36 | 30.15+18.77 | 13.22+12.36 5.07 + 4.07 7.84 +£8.22 | 56.28+32.74

Statistical results of CPUE (kg/h) comparisons in
groups, seasons, and strata were presented in Table 4.
It was determined that the Osteichthyes had a
statistically higher CPUE value than those of the
other groups. The summer season had a statistically

higher CPUE value than the spring and winter
seasons according to Welch test results. There was no
statistical difference between CPUE values according
to strata as a result of the Games Howell test (Table
4).
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The spatial and seasonal variations in
biological parameters of some commercial
species

Parapenaeus longirostris

A total of 46616 P. longirostris individuals were
measured, 29.5% of which were at 0-200 m, 64.7% at
201-400 m, and 5.8% at 401-600 m strata (Figure 4).
The mean CL of the species was calculated as 22.2 +
3.71 mm CL at 201-400 m and 25.2 = 5.18 mm CL at
401-600 m strata. Strata was a factor affecting CL of
the species and the CL increased depending on the

depth (p=0.000) (Table 5). The minimum, maximum
and mean CL of 46 616 specimens were, 7 mm, 41
mm and 36.3 £ 9.9 mm, respectively. The seasonal
distribution of the samples was 31.5% in spring,
34.9% in summer, 24.7% in autumn and 8.9% in
winter. The average seasonal carapace length were
32.5+10.1,38.5+9.6,35.2 + 8.3 and 36.7 = 10.8 for
spring, summer, autumn and winter, respectively
(Figure 5). The CL of the species was statistically
higher in summer than in other seasons (p=0.000)
(Table 5).

Table 4. Statistical results of CPUE (kg/h) comparisons in groups, seasons, and strata (CPUE values are given as
Median (Quartile;-Quartiles) for non-parametric tests (Dunn-Bonferroni test), and as mean =+ standard
deviation for parametric tests (one-way analysis of variance-ANOVA and Games Howell test))

Osteichthyes Chondrichthyes Cephalopoda Crustacea
Group 28253 11380 4178 4273 p = 0.000
(15107-42071)2 (2990-21972)° (1304-9176)¢ (1924-12313)¢
Season Spring Summer Autumn Winter p <0.05
46.62 + 31.662 83.79 £ 17.57° 62.23 + 38.493c 32.49 + 16.22% F =5.698
S 0-200 m 201-400 m 401-600 m p >0.05
57.04 +29.462 67.51 +£38.932 44,30 +£27.052 F =1.561

The superscripts a, b, ¢ indicate the difference between groups. There is no difference in groups with the same letters.
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Figure 4. Strata-dependent carapace length distribution of Parapenaeus longirostris
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Figure 5. Season-dependent carapace length distribution of Parapenaeus longirostris

Nephrops norvegicus

The minimum, maximum and mean CL of 278
specimens were 14 mm, 66 mm and 36.4 £ 10.0 mm,
respectively. The seasonal distribution of the samples
was 15.7% in spring, 33.7% in summer, 22.2% in
autumn, and 28.4% in winter (Figure 6). The mean

seasonal carapace length were 32.5 + 10.1, 38.5 +
9.6, 35.2 + 8.3, and 36.7 + 10.8 for spring, summer,
autumn and winter, respectively. A significant
difference in the carapace length was found between
Spring and Summer (p=0.007) (Table 5).

Table 5. Statistical results of carapace length (CL) comparisons in seasons and strata for P. longirostris and N.
norvegicus (CL values are given as Median (Quartile;-Quartiles) for non-parametric post-hoc test

(Dunn-Bonferroni test))

Season Spring Summer Autumn Winter

(P. longirostris) | 21.7 (18.1-25.0)* | 22.6 (18.7-27.4)° | 22.1(18.9-24.5) | 21.4(18.33-24.3)* | p =0.000
Strata 0-200 m 201-400 m 401-600 m

(P. longirostris) | 19.7 (16.2-22.4)2 | 20.9 (17.7-24.5)° | 22.4(19.6-24.7)° p =0.000
Season Spring Summer Autumn Winter

(N. norvegicus) | 32.9 (26.4-37.2)% | 39.3(30.3-44.7)° | 31.9 (29.3-40.8)® | 34.3 (29.1-44.9)®® | p =0.007

The superscripts a, b, ¢ indicate the difference between groups. There is no difference in groups with the same letters.
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lllex coindetii

The minimum, maximum and mean ML of 1 458
specimens were 25 mm, 278 mm and 80.56 + 39.17
mm, respectively. The seasonal distribution of the
samples was 17.9% in spring, 13.4% in summer,
35.2% in autumn and 33.5% in winter. The mean

seasonal mantle length were 83.7 + 32.2, 83.9 £ 46.9,
94.1 £ 41.6, and 65.7 = 31.1 for spring, summer,
autumn and winter, respectively (Figure 7). The mean
mantle length (ML) of the species increased
depending on the depth. The smallest mean length
was obtained in all months except August and
January in the 0-200 m strata (Figure 8).
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Figure 8. Monthly and spatial variations of mean mantle lengths of Illex coindetii

Discussion

In this study, a total of 111 species were defined,
mostly in the Osteichthyes group (74 species) in the
Central Aegean trawl fisheries. The Osteichthyes also
had the highest frequency at all depths and seasons
and had a statistically higher CPUE value than those
of the other groups. The predominance of teleost fish
(49 species) among a total of 60 species was also
reported by Ozaydin et al (2014) in the Candarli Bay
(Aegean Sea). Similarly, Daban et al (2021) reported
61 species of teleost fish from a total of 73 species
caught from the Sea of Marmara. In other studies,
numbers of teleost species were reported as 49
(Eryilmaz, 2001) and 43 (Altug et al., 2011) in the
Southwestern part of the Sea of Marmara. The total
number of fish species reported in other studies from
the Mediterranean coasts of Turkey, were higher than
that reported in the present study. A total of 147
demersal ~ fish  species  (Osteichthyes  and
Chondrichthyes) were reported in the shelf (10-200
m) of Antalya Gulf (De Meo et al., 2018).

In this study, some species were found less
frequently than in other studies carried out in the
same region. Soykan et al (2016) reported that
discards accounted for 33.2% of the total catch
biomass, with the majority represented by
Lampanyctus crocodilus with 97 kg total weight.
Although our study carried out in the same season,
only 18 individuals of Lampanyctus sp. were
captured. This difference may be due to season and
depth intervals between the two studies. In a previous
study that examined the trawl fisheries, operations
carried out between 90 -297 m during open seasons

(autumn, winter and spring) (Soykan et al 2016).
Whereas in this study, trawl operations were carried
out in all seasons including the closed season in
summer covering a wider depth range (up to 600 m).

Species diversity in Sigacitk Bay was average
according to the Shannon-Wiener index, which can
be maximum 5. It was determined that the Evenness
Function values were higher than 0.5 at depth stratas
of 0-200 m and 401-600 m, but lower than 0.5 at
depths of 201-400 m. The value of the Evenness
Function was close to zero when the species
accumulated in certain families and was close to 1
when species were equally distributed among all
families. Accordingly, it was found that the species
were limited to certain families at depths of 201-400
m in Sigacik Bay.

The highest values in species diversity (H":2.526)
and Evenness Function (J':0.610) were obtained at
the 401-600 m strata. Trawl fishing in Sigacik Bay is
generally carried out at the 201-400 m strata by
targeting P. longirostris. The 401-600 m strata
further from the coast is less exploited due to high
fuel consumption and therefore considered as
unprofitable. This may explain higher species
diversity in this strata.

The summer season had the highest CPUE in all
groups followed by decreased values until the winter
season. The summer season also had a statistically
higher CPUE value than that of the spring and winter
seasons. The summer period coincides with the
seasonal trawl ban in the region. Lower CPUE values

126



Spatial and Temporal Characteristics of Demersal Assemblages in Sigacik Bay, Central Aegean Sea, Turkey

in the winter may be due to opening of trawl fisheries
in the Autumn.

CPUE values with regard to total catch did not
differ significantly among strata. CPUE values in
terms of taxa indicated that, the highest CPUE values
were obtained at 0-200 m strata for Chondrichthyes
and Cephalopoda and a decrease was observed
depending on the depth. O. vulgaris, S. officinalis and
E. moschata which are found in shallower waters and
have relatively larger sizes than other species, played
an important role in the depth-dependent CPUE
decrease.

On the other hand, Osteichthyes and Crustacea
had the highest CPUE values at 201-400 m strata. In
addition, share of Crustacea in the total catch was
higher at 201-400 m. This may be due to the presence
of P. longirostris at 201-400 m, which is the
dominant crustacaean species and the target species
of trawl fisheries in the region. In this study, P.
longirostris was also the dominant species at 0-200 m
and 201-400 m strata and it was determined that this
species reached the highest values in number at 201-
400 m strata. This depth preference of the species
was also reported by other studies conducted in the
Aegean Sea (Politou et al., 1998; Tserpes et al., 1999;
Kara ve Gurbet, 1999; Sbrana et al 2019).

Water temperature has an effect on the depth-
dependent spatial distribution of P. longirostris.
Bombace (1972) suggested that the distribution of P.
longirostris is associated with 14 °C water of Atlantic
origin and in many studies carried out in the
Mediterranean and the Sea of Marmara, it was
reported that this species showed a dense distribution
around 14 °C temperatures. (Dall et al., 1990; Yiiksek
et al., 2000; Nouar, 2001; Ungaro and Gramolini,
2004; Artiiz, 2005; Ungaro and Gramolini, 2006). It
has been reported that the water temperature
stabilizes at 14-15 °C after 200 m in the Aegean Sea
(Miller et al., 1970; Zaitsev and Oztiirk, 2001). Our
findings support earlier findings that the abundance
of this species at depths of 201-400 m is related to the
water temperature.

The carapace length (CL) of P. longirostris
increased depending on the depth. Similarly, in many
studies, it has been stated that the length of the
species increased depending on the depth (Froglia,
1982; Spedicato et al., 1996; Campos et al., 2002;
Kapiris et al., 2002; Zengin et al., 2004; Guijarro and
Massuti, 2006; Managirli, 2008). Sobrino et al.
(2005) defined the relationship between the length
and the bathymetric distribution of the deep-water
rose shrimp in the Atlantic and Mediterranean waters
of Europe and stated that following dispersal stage in
shallow waters, this species moves to deep waters;
juveniles usually settle around 100 m and large
individuals are always found at a depth of more than
350 m.

Unlike the deep-water rose shrimp, N. norvegicus
showed no particular trend in bathymetric distribution
(Sbrana et al, 2019). Considering the seasonal
variation of the length distributions of the other 2
species examined in this study, there was no seasonal
variation (except between Spring and Summer) in the
carapace lengths of N. norvegicus. On the other hand,
larger individuals of I. coindetii were observed in the
summer. D'Onghia et al (1991) reported that a
decrease in the number of individuals with maximum
length may be observed towards the winter months,
as they die after spawning. In addition, the fishing
pressure, which started in the autumn and gradually
increased, was also effective. Depth-dependent length
stratification was not observed in I. coindetii from the
summer months to the end of winter. It is thought that
the species migrated to shallower waters as the waters
cooled.

In summary, in the present study the spatial and
temporal variations in species diversity, CPUE and
biological parameters of some commercial species
targeted by trawl fisheries in the Central Aegean Sea
with emphasis on P. longirostris, N. norvegicus and I.
coindetii were determined in. For successful fisheries
management, further studies are required.
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Abstract: During 2009-2010 epifaunal materials were collected seasonally with a beam trawl from seven fixed
stations in the infralittoral of Gulf of Izmir to study spatiotemporal distribution of megabenthic fauna and their
ecology. A total 153 megafaunal species were identified belonging to nine phyla, comprised mostly of 54
molluscans, 43 chordates (mostly fish), 20 arthropods, and 18 echinoderms. Nine alien species were recorded.
Four species (two fish species, one gastropod and one Asteroidea species) were constant species and 16 species
were common species in the study area. Lesueurigobius friesii, Buglossidium luteum, Turritellinella tricarinata
and Astropecten irregularis were the most frequently occurred, and Lesueurigobius friesii, Varicorbula gibba,
Anomia ephippium, Turritellinella tricarinata and Dentalium sp were the most abundantly occurred species.
Excluding the evenness index, faunistic characteristics tended to increase as a factor of depth. Seasonal density
(abundance and biomass) was minimal in April and maximal in February, followed by November having 2-fold
higher abundance than that inJuly. Faunal assemblages were correlated with regions of the gulf and habitat type.
Buglossidium luteum overspread the entire gulf excluding the inner gulf. Varicorbula gibba and Fulvia fragilis, a
pollution indicator predominated the inner gulf. Hydrographical parameters and depth were associated to dictate
faunal assemblages with difference among the sectors and habitats.

Key words: Megabenthic Fauna, Spatiotemporal Distribution, Ecology, Aegean Sea, izmir Gulf

Izmir Korfezi’nin (Ege Denizi) Farkh Sektorleri Boyunca Bulunan
Epimegafaunanin Dagilimimin Ekolojik Yonelimi

Ozet: Dagilimlarmi ve ekolojilerini galismak i¢in 2009-2010 yillar1 igerisinde Izmir Korfezinin infralittoral
zonunda yer alan 7 ayr1 ve sabit tutulan derinliklerden epifaunal materyalleri kirigli trol ile mevsimsel
toplanmistir. 9 filuma ait toplam 153 tiir bulunmustur ve bunlarin bir gogu 54 tiir Mollusca, 43 Chordata (¢ogu
balik tiirti), 20 Arthropoda ve 18 to Echinodermata filumlarma ait bulunmustur. 9 tiir yabanci tiir olarak tespit
edilmistir. Dort tiir (2 balik, 1 gastropod ve 1 Asteroidea tiirii) bolge i¢in kalici ve 16 tiir yaygin tiir olarak
tahmin edilmistir. Lesueurigobius friesii, Buglossidium luteum, Turritellinella tricarinata ve Astropecten
irregularis bolgede en sik, ve Lesueurigobius friesii, Varicorbula gibba, Anomia ephippium, Turritellinella
tricarinata and Dentalium sp en bol bulunan tiirlerdir. Diizenlilik indeksi hari¢, diger faunistik karakterler deniz
tabani derinligi ile artis egilimdedir. Mevsimsel bolluk ve biyokiitle Nisan aymda minimum ve Subatta
maksimum iken, bunu Temmuz ayindaki degerlerden iki kati degere sahip Kasim ay1 takip etmistir. Fauna
toplulugu, korfezin bolgeleri ve habitatlar ile iligkili bulunmustur. Buglossidium luteum i¢ bolge hari¢ korfezin
her yerine yayillmistir. Organik kirlilik gostergesi olan Varicorbula gibba ve Fulvia fragilis i¢ korfezde oldukca
baskindir. Korfezin farkli bolgeleri ve dip yapisi yaninda, hidrografik ve dip derinligi farkli faunal toplugun
olusumuna neden olmaktadir.

Anahtar kelimeler: Megabentik Fauna, Mekansal ve Zamansal Dagilim, Ekoloji, Ege Denizi, izmir Korfezi
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Introduction

Megabenthic communities are possible indicators
to monitor anthropogenic impacts, or natural long-
term alterations in marine ecosystems (Patania and
Mutlu, 2021; Garuti and Mutlu, 2021). For instance,
bioaccumulation of toxic substances and changes in
the flux of energy to the seafloor could be predicted
(Bilyard, 1987; Kroncke, 2003; Cartes et al., 2009).
Benthic crustaceans of the megafauna are the most
sensitive taxa to environmental changes within the
complex structure of the marine bottom habitat
(Gesteira and Dauvin, 2000; Kramer et al., 2013;
Sanchez-Moyano and  Garcia-Gomez,  1998).
Furthermore, the megafauna is economically
important and used as seafood, and is a food source
of the scavenging marine organisms. Sessile species
such as cnidarians, sponges and tunicates are filter
feeders (Fredj and Laubier, 1985) to recycle organic
matter through their different diet guilds in the
integrated food web descriptions (Ramoén et al., 2014;
Tecchio et al., 2015).

A semi-enclosed gulf with weak or reduced water
currents, Izmir Gulf has not, however, been subjected
to vigorous studies on the composition of megafaunal
species and their densities under ecological
parameters. Most of studies on benthos involved
macro-infauna (e.g. Cinar et al., 2006; 2012; 2008;
Dogan et al., 2005) and to a lesser degree involved
megafaunal species such as sponges in the gulf
(Evcen and Cinar 2020). Megafaunal species were
mostly subjected to regions of Mediterranean Sea.
Particularly, decapod crustaceans are important
components of commercial catches in the
Mediterranean where they dominate the crustacean
megafauna. Of most of the megafauna, 384 species
were reported as decapod from the Mediterranean
Sea (Coll et al., 2010). Many studies have been
carried out in the Mediterranean Sea to describe the
spatio-temporal  dynamics of Decapoda and
megabenthic assemblages (Cartes et al., 2009;
DelLaHoz et al., 2018; Koukouras et al., 2010).
However, most of these studies have been conducted
in the central and western Mediterranean, as well as
in Greek waters (Kallianiotis et al., 2020). In contrast,
studies on the distribution and ecology of megafaunal
assemblages in Turkish coasts of the Aegean Sea are
generally lacking.

However, only a few studies were carried out on
the megafauna of the Turkish coasts of the Aegean
Sea and a lesser extends to the species-environment
relation on Izmir Gulf. The present study is scoped to
outline the spatio (depth and habitats, and sectors of
the Gulf; inner, middle, and outer gulf)-temporal
(season) distribution and ecology (hydrographics,
physicochemical and sedimentary characteristics) of
the megabenthic fauna in the infra-littoral zone of the
Izmir Gulf. Regarding to the ecological importance of
the megabenthic fauna and the historical lack of
comprehensive information on their distribution and

ecology in Izmir Gulf, the aim of this study is to
provide baseline information on bathymetric and
seasonal distribution and biodiversity patterns (i.e.
density, wet weight and richness) of the megabenthic
faunal assemblages in soft bottoms of the lower
continental shelf, between 10 m and 50 m in the
sectors having different trophic levels of the waters
and sedimentary contents of a semi-closed gulf, 1zmir
Gulf under anthropogenic influences.

Material and Methods

Epifaunal materials were collected seasonally
with a beam trawl and dredge from seven fixed
stations in the infralittoral zone of Gulf of Izmir
(Figure 1). Seasonal samplings were conducted in
April, July, November 2009 and February 2010.
Fixed seasonal stations had different seafloor depth;
L1 having a seafloor depth of 10-15 m, L2 25 m, L3
35 m, L4 45 m L550 m, L6 15 m and L7 15 m
isobaths. There were further non-seasonal stations;
Giilbahge cove (LG) at 20 m in November and
February, Narlibah¢e (LN) at 10 m in November,
Bostanli (LB) at 10 m in November and Urla Bay
(LZ) at 15 m isobaths in November (Fig 1).

The beam trawl was used for sampling the
stations whereas the dredge was also used only at
station L6 seasonally to compare difference in gear
efficiency at catching faunal composition and
guantification. Both gears had a 1.20 m opening
width and a 4 m long net having 6 mm mesh size.
The gears were towed for 15 minutes (R/V “Koca
Piri Reis”) at a speed of 1.5-2.5 knots. During the
towing, GPS outputs were recorded every 2 minutes.
After towing, the CTD (Seabird of General
Oceanography Inc., SBE 911plus CTD) probe with a
rosette water sampler was casted from surface to the
near-bottom to measure basic physical parameters of
water column.

After towing completed, materials in net content
were sorted out to flora and fauna. The faunal
specimens were then preserved in plastic jars in a
solution of 4%-formaldehyde buffered with borax.

At the laboratory, faunal specimens were
identified at possible species level based on the
nomenclature of WoRMS. Number of individuals and
wet-weight measured by an electronic balance having
a precision of 0.01 g, were recorded after blotting the
specimens on drying paper for 5 minutes.

Data standardization for the quantification of
faunal specimens was then performed by converting
number of individuals and weight to abundance
(ind/km?) and biomass (kg/km?), respectively, over
swept area of the gears with the dragging distance
calculated from the GPS records.
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Figure 1. Study area (a; in blue and red frames) and trackline of the sampling gears at seasonal sampling stations
(b; green; April 2009, red; July, Orange; November, and blue; February 2010) in the inner gulf (1G),
middle gulf (MG) and outer gulf (OG) of Izmir Gulf.

Physical environmental parameters of water
columns were formed in a matrix of sea surface and
near-bottom water temperature (°C), salinity (PSU),
density (ot), dissolved oxygen (ml/l) and pH for
determining ecology of the epifaunal assemblages.

Statistical treatment and interpretation of the
faunal and environmental parameters were performed
following univariate-multivariate analyses.
Environmental parameters were subjected to
Principal Component Analysis (PCA) to figure out
spatiotemporal characterization of the study area.
Dominance of specimens were determined from
qualification and quantification data of epifauna with
indices of dominance (D%), frequency of occurrence
(FO%) and numerical occurrence (NO%) (Holden
and Raitt, 1974). To classify the species as constant
(DO%>50), common (25<D0%<50) and rare species

(D0O%<25), Soyer Index was used for the study area
(Soyer, 1970). Faunistic characteristics of the
epifuana were represented by means of number of
species (S), abundance (N), biomass (B), Margalef’s
richness index (d), Pielou’s evenness index (J°) and
Shannon-Weiner diversity index (H’) using the
PRIMER (PRIMER, vers.6+). Abundances of the
specimens were subjected to PERMANOVA and
Monte Carlo to test the differences among the months
and bottom depths and were logie-transformed (X+1)
to generate triangle matrix of Bray-Curtis similarity
for the application of nMDS, and SIMPER using the
PRIMER. Furthermore, difference in gear efficiency
to catch epifauna was tested using PERMANOVA.
Canonical Correspondence Analyses (CCA) was
applied to a matrix set of biomass, and abundance of
the epifaunal species with a corresponding matrix of
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the environmental parameters to cluster the stations
and to see relationship of species, and species-
ecological parameters and the variation of the CCA
axes was tested by Monte Carlo test using the
CANOCA (vers. 4.5).

Result and Discussion
Study area

The study area included non-fishing zone for
commercial trawls in the Gulf of izmir, Aegean Sea
(Figure 1). The minimum sampling depth was 10 m
and maximum depth was 50 m. Bottom of the station
L6 was vegetated by Posidonia oceanica and LG with
rather larger sized-empty shells referring to actual
size of the shell species. The rest of stations had soft
sediment bottoms.

The Gulf was divided into three sectors; inner
gulf, middle gulf and outer gulf. The study area was
restricted up to middle parts of the outer gulf. The
seasonal sampling stations were located only in inner
(L1, L7), middle gulf (L2-L3), and outer gulf (L4-L6)
(Figure 1).

Near-bottom and sea surface water salinity was
around 39 PSU throughout the year with an exception
of lower salinity than 33 PSU at station L6 in
February where sea surface salinity was around 19
PSU (Figure 2a). Sea surface salinity was lower in
February than other months. Water temperature
varied seasonally between 15 oC in February-April
and 27 oC in July. Near-bottom water temperature
never exceeded 23 oC throughout the year. Sea
surface temperature increased from 14-15 oC in
February through 18 oC in April to 27 oC in July and
then decreased to 18 oC in November. The
temperature had same values in sea surface and near-
bottom waters in November (Figure 2a). Inherently,
water density varied dependently with water
temperature and salinity (Figure 2b). Dissolved
oxygen concentration in sea surface and near-bottom
water varied between hypoxic in July through around
hypoxic in November, particularly in the inner gulf,
and oxic conditions in February-April (Figure 2b) as
described for the hypoxic condition in general by
Hagy et al. (2004).
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Figure 2. Physical parameters of sea surface (Sx) and near-bottom (Nx) waters of the sampling stations (T;
Temperature, S; salinity, D; density and Ox; oxygen). Dashed line is limit of hypoxic threshold for
marine benthic organisms (Vaquer-Sunyer and Duarte, 2008).

Physical parameters were coordinated in the PCA
ordination according to the seasons on PCAL axis
(Figure3a). Seasonal parameters were water
temperature and oxygen content. The first PCA axis
was explained with a percent variance of 51.3 (Figure
3). On PCA2 axis, the bottom depth was effective
first, followed by pH of the water. The parameters

explained the PCA2 axis with a variance of 16.9%
(Figure 3). In other words, bottom depth was
classified within each season along PCAZ2 axis. It was
hereby noticed that the dissolved oxygen was very
low in July, followed by November compared to
April and February (Figure 3b).
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Figure 3. PCA ordination of the physical parameters normalized for the study stations classified by month (4;
April, 7; July, 11; November, and 2; February), labeled with the bottom depth (a) and oxygen
concentration (ml/l) overlapping on the PCA ordination (b) (sea surface, Sx and near-bottom, Nx
waters (T; Temperature, S; salinity, D; density and Ox; oxygen and pH; pH) of the sampling stations
(e.g. L1F, station 1 in February. see Figure 1 for station codes and location).

Yelekgi et al. (2021) modeled 3D-hydrodynamic
also including the chemical parameters from the data
measured during the present study and the results
agreed with the measurements. Surface chl-a varied
between 0.3 mg/m?® in outer gulf and 3 mg/m? in
inner gulf (extreme amount of 23.7 mg/m?®) in April
2009, overall between 0 and 0.3 mg/m3, but was
rather high (7 mg/m3) in inner and middle gulf in
July, and November when average chl-a measured 4
mg/m? in inner and middle gulf with maxima (10
mg/m®), and between 0 and 2 mg/m?® in outer gulf, 6

mg/m? in inner gulf in February 2010 when the study
was influenced by fresh water inputs at station L6
(Figure 2). Nutrients; surface dissolved inorganic
nitrogen varied between 0.5 and 0.7 uM, uniformly
around 0.5 pM in July and November (extreme 10
uM.), and between 0 and 0.5 uM (8 pM) in February
2010. Surface POy varied between 0 and 0.1 uM in
outer gulf all the year, and increased to 2 uM in inner
and middle gulfs in April 2009, to maxima (3 pM) in
inner gulf in July and November, and in inner and
middle gulf in February 2010 (Yelekgi et al., 2021).
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Cinar et al, 2012 summarized sedimentary
characteristics of the study area as follows: total
organic carbon (TOC) content of the sediment varied
between 30 - 45 mg/g (3-4.5% denoting organically
heavy polluted area at a critical value of 3%, Magni,
2003; Hyland et al., 2005) in the inner gulf. The TOC
then decreased sharply through middle gulf to outer
gulf (TOC<2.5%; Cinar et al., 2012), which was still
higher than that in undisturbed sediments (<1%;
Magni, 2003). Sand content was low in the inner and
middle gulfs compared to that in the outer gulf
whereas there was a moderate content of clay in the
inner and middle gulfs where the highest clay content
occurred in the outer deep waters (Cinar et al., 2012).

Epifauna

As aforementioned, there were mostly
macroinfaunal studies conducted in Izmir Gulf and a
few studies on megafauna such as sponges (Cinar et
al., 2006; 2012; 2008; Dogan et al., 2005; Evcen and
Cinar 2020).

In general, only mega-molluscans (retained in
mesh-size of 5 mm of a benthic sledge) had a peak
number of species at the shallowest waters as
observed in Mersin Bay (Mutlu and Ergev, 2008).
This could be attributed to the higher heterogeneity of
bottom types on the shallow waters since some
molluscan  species were related to specific

sedimentary habitats (Gofas et al., 2011; Ciércoles et
al., 2018). The shallow waters was ascribed “fine,
well-sorted sand”, SFBC and the deep zone “the
Muddy-Detritic community”, DE (Peres, 1982),
being composed mainly of mud, sand and detritus
dwelling species at depth greater than 100 m in
Cretan shelf (Karakassis and Eleftheriou, 1998).
Contrasted to a generalized distribution of sediment
grains by the bottom depth, sand content was
unusually low in the inner and middle gulfs (shallow
waters) compared to outer gulf (the greater depths)
(Cinar et al., 2012). However, there was a moderate
content of clay in the inner and middle gulfs mostly
influenced by anthropogenic activities of city izmir
(Cinar et al., 2012).

Comparison of species composition between
two sampling gears

Epifaunal composition and density (abundance
and biomass) were not significantly different between
two different sampling gears (beam trawl and dredge)
conducted seasonally only at station L6 at p<0.05
(ANOSIM, R statistic=0.37 and 0.444, p=0.10 and
0.10, respectively, and PERMANOVA) (Table 1).

Epifaunal studies by means of continuous
dredging could change ecological characterization of
the community.

Table 1. One-way PERMANOVA table of results for difference in the epifaunal densities between dredge and

beam trawl (pMC; Monte Carlo test’s p value)

Abundance df SS MS F p pMC
Gears 1 5635.3 5635.3 1.7681 0.111 0.175
Residuals 4 12749 3187.3
Total 5 18384
Biomass
Gear 1 6280.4 6280.4 2.0343 0.081 0.13
Residuals 4 12349 3087.3
Total 5 18630

Smith et al. (2000) studied the effect of the
trawling on numbers of megabentic species; equal
dominance of number of echinoderm, mollusk, and
crustacean species in the pre-trawling samples,
dominant taxon of molluscans and the smallest taxon
of crustaceans after the trawling season.
Nevertheless, frequent small-scale disturbances, such
as dredging operations, may thus be masked by large-
scale environmental perturbations, such as storms,
and prevailing hydrodynamic processes (Morello et
al., 2006) inducing dominance of small,
opportunistic, short-lived species in continuously
trawling area, but more fragile and long-living sessile

organisms in non-dredged fishing areas (Sarda et al.,
2000; Chicharo et al., 2002).

Species composition

A total of 153 megafaunal species were identified
belonging to nine phyla (Appendix 1). Of these
species, 54 species belonged to phylum Mollusca, 43
species to Chordata, 20 to Arthropoda, and 18 to
Echinodermata and rest of the phyla had less than 10
species (spp) (Annelida with 9 spp, Cnidaria with 4
spp, Porifera with 3 spp, and Bryzoa and Sipuncula
with 1sp each) (Appendix 1). In Mollusca, 41 bivalve
species were dominant, followed by 35 fish species
(2 of cartilaginous fish) from Chordata, 17 decapod
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species from Arthropoda, and 8 Asteriodea species
from Echinodermata. Of a total of 417
macrozoobenthic species, infaunal composition was
made up mainly of 210 polychaetes, 100 molluscans,
and 70 crustaceans in same area and sampling time of
the present study (Cinar et al., 2012).

According to Soyer Index, only four species (two
fish species, one gastropod and one Asteroidea
species) were constant species and 16 species was
common species in the present study (Appendix 1).
The rest of the species was categorized as rare
species. Lesueurigobius friesii, Buglossidium luteum,
Turritellinella tricarinata and Astropecten irregularis
were the most frequently occurred, and
Lesueurigobius friesii, Varicorbula gibba, Anomia
ephippium, Turritellinella tricarinata and Dentalium
sp were the most abundantly occurred species among
the all species recorded in the study area (Appendix
1).

A total of 9 alien species was observed in Izmir
Gulf (Appendix 1) where a total of 13 alien infaunal
species was found during sampling time of the
present study (Cinar et al., 2012). In Mersin Bay,
eastern Mediterranean Sea, a total number of alien
megafaunal species including Lessepsian megafaunal
species was 22 and composed of 8 fishes, 4
molluscans, 7 crustaceans and 3 polychaetes (Mutlu
and Ergev, 2008), all higher than that in the present
study. The number of invertebrate Lessepsian species
in Turkish seas is as follows: polychaetes (10),
decapods (23), amphipods (2), molluscs (48) (Cinar
and Ergen, 2005). The compilation of data on alien
species reported from the Turkish coasts yielded a
total of 263 species belonging to 11 systematic
groups, of which Mollusca had the highest number of
species (85 species), followed by Crustacea (51),
fishes (43) and phytobenthos (39) with the Levantine
Sea represented by 202 species (Cinar et al., 2005).
Cinar et al. (2021) updated a total number of alien
species as 413 composed mainly of 113 molluscans,
74 fishes, 70 arthropods, 56 polychaetes, 8 each of
cnidarians and tunicates, and 6 echinoderms for the
Turkish Levantine Sea. However, the number was
rather low compared to the Levantine Sea. Patania
and Mutlu (2021) found 18 alien arthropod species
out of a total of 59 megabenthic arthropods recorded
recently in the Antalya Gulf, Levantine Sea.

Faunal characteristics
Overall characteristics

Number of species (S) tended to increase as a
factor of depth up to 50 m in all sampling months
(Figure 4). Number of species varied between 2 and
45 spp in the present study (Figure 4). At greater
depths of the Mediterranean Sea, number of ascidian
(tunicates) species and number of megafaunal species
decreased by the seafloor depth in the western and
central Mediterranean Sea (EIl Lakhrach et al., 2012).

Average abundance (N) was 900939 ind/km?, and
the abundance varied between 1999 ind/km? at
station L1 in July and 9714308 ind/km? at L2 in
November. Abundance of the epifauna showed a
similar seasonal distribution in the number of species
with respect to depth (Figure 4). Seasonal average
abundance was minimal in April and maximal in
February, followed by November being 2-fold higher
in abundance than that in July. Overall, maximum
abundances occurred at 25 m in all seasons except in
July having maximum at 35 m. Seasonal density
variation in  Mediterranean communities was
generalized with increases in weight and density of
individuals in the spring and summer, and an abrupt
decrease in the winter (De Juan et al., 2007)
depending mainly on reproduction, recruitment, and
migration of larger organism grown by increased
temperatures in the summer (Diaz et al, 1990;
DelLaHoz et al., 2018). In contrast to the biomass
distribution, the highest abundance was found at 100-
200 m in the summer and winter, owing to larger
number of smaller specimens at 100-200 m, and a
smaller number of the larger specimens at 30-100 m
(DeLaHoz et al., 2018). The lower diversity of the
decapod communities was attributed to the
hydrographic heterogeneity and to commercial
exploitation (Abello et al., 1988).

An annual average biomass (B) of 1107 kg/km?
was estimated for the study area. The biomass
followed a trend similar to that of the abundance in
time and space (Figure 4). The biomass increased
slightly from shallower to middle depth waters and
then decreased strongly toward the greater depths.
Maximum average biomass was measured in
February, followed by November and April and
biomass was rather low in July when the catch was
not obtained at L4, L6 and L7 (Figure 4). In the
western Mediterranean Sea, the highest biomass
occurred in summer (DeLaHoz et al., 2018). The
shallow zone (30-100 m) had the highest biomass,
followed by the following greater zone (100-200 m)
in the Catalan shelf whereas the lowest biomass was
in upper slope, and this trend was more pronounced
in summer (DeLaHoz et al., 2018).

Margalef’s richness index (d) was very similar to
that of the number of species in time and space
(Figure 4). In the study area, the richness index (d)
varied between 0.13 at station L1 in July and 3.08 at
L4 in February per year. Seasonal average species
was highest in February, closely followed by April
and November and was poorest in July (0.86). The
highest richness occurred in the summer in the
western Mediterranean Sea (DeLaHoz et al., 2018).
Species richness of megabenthic fauna was found to
be the highest at the shelf edge (110-180 m),
followed by the outer shelf (90-110 m) and the slope
(180-350 m) in the Menorca Channel, Western
Mediterranean  Sea  (Grinyo et al., 2018).
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Pielou’s evenness index (J’) was distributed in
contrast to the abundance in time and space (Figure
4). Epifauna of the shallow waters were more evenly
distributed compared to depths of middle gulf and
then the evenness index increased slightly at greater
depths (outer gulf). Abundances which were more
evenly distributed among the species was recorded in
November (J’=0.65) and evenness was closely lower
in other seasons (J’=0.53 in February-~0.58 in April-

July).

Shannon-Weiner index (H’) decreased from
shallower to middle depths and then increased toward
the greater depths. Seasonal average biodiversity
index varied between 0.98 in July and 1.75 in
November, followed by April (H’=1.71). There was a

moderate index value of H’=1.45 in February (Figure
4). The variety of available substrata resulted in an
increased number of microniches, and thus of
diversity at the shallow waters, while the
homogeneity of the substrate could be responsible for
the lower diversity and higher evenness found at the
deep waters (Makra and Nicolaidou, 2000).

Dominant taxonomic characteristics

Number (S) of molluscan species was higher at all
stations all the year than the other taxa with an
exception of sea floors vegetated by Posidonia
oceanica (L6), followed by fish species. Molluscans
was more dominant in the number of species in
November and February compared to that in April
and July contrasted to the fish species.
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Figure 4. Community characteristics of epifuana in time and space (S; number of species, N; abundance in
ind/km?, d; Margalef’s richness index, J’; Pielou’s evenness index, H’; Shannon-Weiner diversity

index, and B; biomass in kg/km?).
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The minimum number of Arthropoda was in
November and maximum in February, and moderate
numbers were observed in April and July, and all
figures were similar to that for the echinoderms
(Table 2 and Figure 5). The highest number of
molluscans was at 25 and 35 m while the lowest was
at 35 m of the unvegetated bottoms. Similar to the
echinoderms, fish had the highest number in a depth
range of 25-45 m. The number of arthropods was the
highest at 45 m. Only molluscans had a peak number
of species at the shallowest waters as observed in
Mersin Bay (Mutlu and Ergev, 2008). This could be
attributed to the higher heterogeneity of bottom types
on the shelf since some mollusc species were related
to specific sedimentary habitats (Gofas et al., 2011;
Ciércoles et al., 2018).

Abundance of molluscans was estimated to be
higher than 1000 ind/km? all the year reaching up to
1000000s ind/km? at 25 m in November and February
(Table 2 and Figure 5). Abundance of the fish species
(N<100000 ind/km?) was fluctuated with the seasons
and seafloor depths in similarity to the molluscans,
echinoderms and arthropods (N<100000 ind/km? for
each). The molluscs were the second most abundant
faunal group in terms of density after the crustaceans,
and other less represented faunal groups included
echinoderms, annelids, and cnidarians in Alboran Sea
(Ciércoles et al., 2018). The echinoderms were
predominated abundantly in summer and winter,
followed by mollusks and tunicates in the Catalan
Sea (DelLaHoz et al., 2018). The echinoderms were
the most abundant taxon (38% of the total
abundance) in the Gabes Gulf, followed by Tunicata
(19%), Mollusca (13%), Porifera (4%), Cnidaria
(3%) (EI Lakhrach et al., 2012).

The highest biomass (B) was contributed by fish
and molluscan species, followed by the resting two
taxa (Figure 5). The fish biomass was at maxima at
25 m in April, July and November, but at a depth
range of 25 m to 45 m in February (Table 2). In
general, arthropods and molluscans followed
spatiotemporal distribution of the fish biomass in
contrast to the echinoderms (Figure 5). For all taxa,
the biomass was relatively high at bottom vegetated
by the meadows (L6). In the Catalan Sea, the biomass
of Echinodermata comprised of 50% of the total
biomass, more pronounced by classes Crinoidea and
Echinoidea, followed by Mollusca in winter, but in
the summer the solitary tunicates constituted most
dominantly 40%, followed by the echinoderms (30%)
and molluscs (24%) (DeLaHoz et al., 2018)
contrasted to solitary sponges in the present study.

Overall, the molluscs was the richest taxon in this
study (Figure 5). Diversity of the molluscans was
richer in November and February than in April and
July. The fish diversity was contrasted to the

molluscs. The poorest season of Arthropoda was
November and the richest February, as the
echinoderms followed the same (Table 2 and Figure
5). The highest richness depth for molluscans was 25
and 35 m whilst the poorest was 35 m. Similar to the
echinoderms, fish had the highest species richness
index at a depth range of 25-45 m. Overall, the
number of arthropods was the richest at 45 m (Figure
5). The richness of cephalopods increased from 10 m
to 200-300 m and then decreased to a depth of 600 m
in the central Mediterranean Sea (Colloca et al.,
2003).

With Pielou’s evennes index (J°) relatively lower
in April compared to the other seasons, fish species
were more evenly distributed (J’>0.6) than the other
taxa in the study area during the sampling year (Table
2 and Figure 5). This was followed by arthropods and
echinoderms along the depth gradient. The
molluscans were least evenly distributed among the
other taxa in space and time (Figure 5).

The distribution of Shannon-Weiner index (H”) of
the fish increased from 15 m to 45 m and then
decreased at 50 m. The index was always high at L6,
which was vegetated with the meadows. Arthropods
followed fish by inhabiting location deeper than that
of the fish in space, which was followed by
echinoderms by shifting further isobaths. The
diversity index of molluscans was highest at the
shallowest and deepest bottom of the study area
(Figure 5). The ascidians were responded to the same
depth gradient in term of diversity index in the
Balearic Sea (Arroyo et al., 2019). Soft bottom
sponges had lower diversity in the southern (H’ < 1)
under influence of oligotrophic Levantine Sea than
the northern Aegean Sea under influence of the
eutropic Black Sea (H’ > 2; Kefalas et al., 20033, b).

In Levantine Basin of the Mediterranean Sea,
these cycles were consistent with the temporal
variation in several key species, especially molluscan
species: Conomurex persicus could however be most
reasonable species for the seasonal fluctuations of the
epifaunal density (Mutlu and Ergev 2008) depending
on bottom depth (Tselepides et al., 2000) and
trawling (Smith et al., 2000).

Faunal community and ecology

Faunal assemblages were oriented with sectors of
the gulf and habitat type (Figure 6). Inner gulf and
bottoms vegetated with the meadows were the
distinguished faunal assemblage zones from the
middle and outer gulfs, being close to each other. The
bottoms predominated with larger sized-shells than
the current forms of the shells were centered around
the outer and middle gulf depending on the seasons
(Figure 6).
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Figure 5. Community characteristics of dominant taxa of the epifuana at the stations (e.g. L1F, station 1 in
February. see Figure 1 for station codes and location) in time (S; number of species, N; abundance in
ind/km?, d; Margalef’s richness index, I’; Pielou’s evenness index, H’; Shannon-Weiner diversity

index, and B; biomass in kg/km?).
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Table 2. Temporal distribution of average faunistic characteristics in X+SD (S; number of species, N; abundance
in ind/km?, d; Margalef’s richness index, J’; Pielou’s evenness index, H’; Shannon-Weiner diversity
index, and B; biomass in kg/km?) of the dominant taxa in the study area.

Taxa N J’ H’ B
Fishes

April 2009 28179+21403 0.67+0.32 0.61+0.05 1.03+0.52 289+437
July 19062+26670 0.43+0.28 0.72+0.15 0.84+0.74 165+244
November 49272+69831 0.36+0.20 0.73£0.14 1.02+0.35 2264240
February 2010 105045+182365 0.39+0.18 0.73+0.18 1.15+0.40 347+380
Molluscans

April 2009 115900+112421 0.51+0.30 0.57+0.27 0.77+0.62 91+79
July 399999+680618 0.25+0.17 0.58+0.49 0.51+0.31 54+62
November 872236+2656714 0.60+0.31 0.43+0.19 0.71£0.54 420+774
February 2010 1340138+2543498 0.64+0.42 0.29+0.27 0.45+0.54 1439+2323
Arthropods

April 2009 33309+37093 0.21+0.13 0.51+0.19 0.44+0.38 924206
July 21722+34679 0.13+£0.11 0.39+0.31 0.22+0.32 14£25
November 1010619837 0.19+0.20 0.66+0.32 0.43+0.59 12+19
February 2010 38738+84422 0.27+0.19 0.79+0.22 0.66+0.55 30+49
Echinoderms

April 2009 15055+31682 0.18+0.07 0.74+0.26 0.5440.31 32+40
July 68669942 0.03+0.06 0.21+0.42 0.15+0.29 17423
November 17303+49574 0.15+0.12 0.80+0.21 0.44+0.41 22433
February 2010 24252+30708 0.21+0.14 0.60+0.14 0.43+0.48 136298

Faunal communities were overall significantly
different among the sectors (regions) of the gulf
(Table 3). Pairwise test of one-way PERMANOVA
showed that all sectors were significantly different in
faunal communities from each other of the sectors,
and the faunal communities were not between the
sector and the shelly bottoms at p<0.05 (Table 4).
Depth, substrate and ecological status of seafloors
under disturbance were important factors influencing
the structure of the megaepibenthic fauna. Cosentino
and Giacobbe (2006) concluded that in the shallower
zone (<20 m), a wide typology of trophic-ethological
guilds was related to community patchiness, in
contrast to a greater functional uniformity of the
deeper assemblage (25-50m), dominated by sessile,
semi-infaunal suspension feeders. The variety of
available substrata results in an increased number of
microniches, and thus of diversity at the shallow
waters, while the homogeneity of the substrate could
be responsible for the lower diversity and higher
evenness found at deep waters (Makra and
Nicolaidou, 2000), followed by the hydrodynamic
process (Karakassis and Eleftheriou, 1998). The
organic content complements the sediment type and
status to reinforce this differentiation (Kroncke et al.,
2003). The number of species changed depending on
the sediment structure (sandy, sandy muddy and
muddy bottoms) in the Turkish shelf of the Aegean

Sea (Ates and Katagan, 2008), and in the Canakkale
Strait (Aslan Cihangir and Pancucci-Papadopoulou,
2011, 2012).

Table 5 showed that there were contributor
species at each regions of the gulf. Average
similarities increased from inner through middle to
outer gulfs, which implied that inner gulf was more
affected with the seasonal environmental parameters
than the middle and outer gulfs (Table 5). Contributor
species composition was totally different in the inner
gulf than other two gulfs where there were common
contributor species. Species composition was also
different in meadows from all other regions.
Buglossidium luteum overspread the gulfs excluding
the inner gulf. Varicorbula gibba and Fulvia fragilis,
a pollution indicator, which had tolerance to organic
pollution in izmir Gulf (Oztiirk and Poutiers, 2005)
predominated the inner gulf (Table 5). Cinar et al.
(2012) classified the inner gulf as moderate and bad
with respect to ecological status and the middle
(moderate only in summer) and outer gulfs as good
based on the benthic indices applied to infauna in
[zmir Gulf in the sampling time of the present study.
Rex (1981) explained briefly causes of depth gradient
of the megafauna associated with nutrient input and
trophic relationships, biological interactions and
species-area relationships.
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Table 3. One-way PERMANOVA table of results for the difference in the epifaunal abundance among the
regions (sectors) (pMC; Monte Carlo test’s p value). Bold P value was significantly different at

P<0.05.
Source df SS MS F P P(MC)
Regions 4 36672 9168.1 3.7693 0.001 0.001
Residual 27 65672 2432.3
Total 31 102345

Table 4. Pairwise test of one-way PERMANOVA table of results for difference in the epifaunal abundance
among the regions (sectors; i; inner gulf, m; middle gulf, o; outer gulf, g; shelly bottom, and p;
vegetative bottom with Posidonia oceanica) (pMC; Monte Carlo test’s p value). Bold P value was

significantly different at P<0.05.

Regions t P P(MC)
ivsm 2.3215 0.001 0.001
ivso 2.3899 0.002 0.001
ivsp 1.9258 0.001 0.004
ivsg 1.4033 0.025 0.112
mvs o 1.6948 0.002 0.005
mvsp 2.1896 0.001 0.002
mvsg 1.4479 0.034 0.06
ovsp 2.1977 0.002 0.005
ovsg 1.5845 0.024 0.049
pvsg 1.1592 0.178 0.268

Referring to the contribution of the species as key
species of the taxa, Quetglas et al. (2000) studied
depth gradient of the cephalopod distribution from
coastal waters through the transition zone to the
slope. The temporal trends showed a remarkable
change in contrast to no regular seasonal pattern in
the faunistic characters in very shallow waters of the
NE Aegean Sea (Kourelea et al., 2004) and in Mersin
Bay (Mutlu and Ergev, 2008) where Conomurex
persicus was present.

The cephalopods were dominant in the
circalittoral and in the slope but a crinoid species and
Illex coindetti dominated the intermediate zone, the
upper shelf in the Catalan Sea (DeLaHoz et al.,
2018). Cephalopod assemblages were differentiated
in the three depth strata of the shelf (50, 100, 200 m)
and the shelf-break (500 m), 10-50 m and 50-100 m
strata in the Adriatic Sea (Sifner et al., 2011).
Furthermore,  Astropecten irregularis  were

responsible for the main differences between seasons
in German Bight (Hinz et al., 2004). Conides et al.
(1999) found a similar pattern where winter was the
key-divisor season in the south of Nisyros Island.
Serrano et al. (2006) showed a pattern of two
gradients on epibenthic communities of the
Cantabrian shelf, Spain: depth/water temperature and
sediment characteristics; Diogenes pugilator typified
the poor sands of inner shelf; fishes Arnoglosus
laterna, Callyonimus maculatuts and Anapagusus
laevis characterized the assemblage of inner and
middle shelf sediments with higher organic content.
Abundance and biomass of megafauna,however,
were not significantly affected by sampling seasons
and bottom depth (p<0.05; Table 6). Average
similarities increased by the bottom depth (Table 7).
Particularly the first two shallow depths located
mostly in the inner gulf had very low average
similarities compared to the greater depths.
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Table 5. Similarity table and contributor species, + within the regions (sectors; i; inner gulf, m; middle gulf, o;
outer gulf, g; shelly bottom, and p; vegetative bottom with Posidonia oceanica), determined from an
analysis of a similarity of percentages, SIMPER. (Avg. Sim.: Average similarity at each bottom depth,
Avg. Abn: logie-transformed average abundance, Avg. Sim; average similarity, Sim/SD; correction
term; Con.%: percent contribution and Cum.%; percent cumulative contribution of the similarities,

and SD; standard deviation of the similarity).

i, Avg sim: 23.71 Avg Abn Av.Sim Sim/SD Con.% Cum.%
Varicorbula gibba+ 6.99 4.86 0.86 20.51 20.51
Fulvia fragilis+ 6.01 2.71 0.87 11.42 31.93
Anomia ephippium+ 6.95 2.51 0.91 10.59 42.52
Metapenaeus affinis 4.50 191 0.59 8.04 50.56
Gobius niger jozo 5.07 1.65 0.57 6.97 57.54
m, Avg sim: 41.69

Turritellinella tricarinata+ 13.10 6.49 4.05 15.57 15.57
Lesueurigobius friesii+ 10.07 5.00 4.30 11.98 27.55
Buglossidium luteum+ 9.33 4.52 4.20 10.84 38.39
Astropecten irregularis+ 8.67 4.03 4.56 9.68 48.07
Serranus hepatus 6.96 2.88 1.68 6.92 54.99
0, Avg sim: 42.20

Lesueurigobius friesii+ 9.33 5.44 3.05 12.89 12.89
Goneplax rhomboides+ 8.10 4.68 2.60 11.10 23.99
Alpheus glaber+ 7.98 431 3.26 10.21 34.20
Astropecten irregularis+ 7.51 4.22 2.77 10.01 44.21
Turritellinella tricarinata 8.71 2.96 0.99 7.02 51.23
Buglossidium luteum+ 6.86 2.92 1.51 6.92 58.15
Sternaspis scutata 7.57 2.51 1.01 5.94 64.09
p, Avg sim: 15.09

Symphodus roissali+ 5.05 3.18 0.71 21.04 21.04
Scorpaena porcus+ 4.83 3.17 0.76 21.03 42.08
Serranus scriba 3.77 1.71 0.47 11.34 53.42
g, Avg sim: 17.68

Buglossidium luteum+ 7.09 8.84 high 50.00 50.00
Astropecten irregularis+ 7.09 8.84 high 50.00 100.00

Number of contributor species increased with
respect to depth up to 50 m. Excluding Turritellinella
tricarinata and Buglossidium luteum both of which
were common along gradient of the bottom depths,
the composition and their density were not
significantly different at the greater depths (Table 7).
Seasonal diversity depended on the dominance of key
species linked to different water masses prevailing in
time (Maria and Pires, 1992). However, the decapods
did not respond with a specific assemblage and
aggregation to the meadow beds (Sanchez-Jerez et
al., 2000). In shallow waters of Mersin Bay, the

community composition was largely affected by the
considerable number of species represented by
Conomurex persicus, Murex trunculus and Murex
brandaris at the shallower waters (Mutlu and Ergev,
2008), and also in the NE Aegean Sea (Kourelea et
al., 2004). An invasive species, Conomurex persicus
was alone highly effective on the formation of the
community along the Turkish Mediterranean coasts
(Mersin Bay; Mutlu and Ergev, 2008, and Antalya
Gulf; Garuti and Mutlu, 2021).
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Table 6. Two-way PERMANOVA results for differences in the epifaunal abundance and biomass among
seasons and bottom depths (pMC; Monte Carlo test’s p value).

Abundance df SS MS F P P(MC)
Season 3 7519.3 2506.4 0.59287 0.989 0.974
Depth 5 26425 5285 1.2501 0.126 0.147
Season x Depth 12 22142 1845.2 0.43646 1 1
Residuals 11 46504 4227.6

Total 31 102345

Biomass

Season 3 8419.6 2806.5 0.62625 0.983 0.962
Depth 5 27807 5561.5 1.241 0.133 0.17
Season x Depth 12 24492 2041 0.45542 1 1
Residuals 11 49297 4481.5

Total 31 110525

Table 7. Similarity table and contributing species, + within the bottom depth, determined from an analysis of a
similarity of percentages, SIMPER. (Avg. Sim.: Average similarity at each bottom depth, Avg. Abn:
logio-transformed average abundance, Avg. Sim; average similarity, Sim/SD; correction term; Con.%:
percent contribution and Cum.%; percent cumulative contribution of the similarities, and SD; standard
deviation of the similarity).

10 m, Avg sim: 12.59 Avg Abn Av.Sim Sim/SD Con.% Cum.%
Lesueurigobius friesii+ 6.12 1.51 0.62 11.98 11.98
Acanthocardia paucicostata+ 5.85 1.44 0.62 11.40 23.38
Callionymus reticulatus+ 5.45 1.29 0.62 10.22 33.60
Phallusia mammillata+ 5.47 1.25 0.62 9.93 43.54
Scorpaena porcus 2.77 1.15 0.32 9.16 52.70
Moerella pulchella+ 4.36 1.13 0.62 8.94 61.64
Fulvia fragilis+ 4.69 1.08 0.62 8.58 70.22
Astropecten irregularis 2.57 0.61 0.32 4.83 75.05
15 m, Avg sim: 11.14

Varicorbula gibba+ 4.08 1.55 0.40 13.89 13.89
Buglossidium luteum+ 3.75 1.47 0.51 13.22 27.10
Turritellinella tricarinata 3.44 0.68 0.31 6.14 33.25
Astropecten irregularis 2.63 0.65 0.30 5.83 39.08
25 m, Avg sim: 39.04

Turritellinella tricarinata+ 13.97 5.52 6.39 14.15 14.15
Dentalium sp+ 11.21 4.31 7.56 11.05 25.20
Moerella pulchella+ 10.00 4.25 5.18 10.87 36.07
Astropecten irregularis 9.51 3.92 6.16 10.03 46.10
Lesueurigobius friesii+ 9.97 3.78 13.15 9.69 55.80
Buglossidium luteum+ 9.81 3.77 10.96 9.66 65.46
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Table 7 continued

35 m, Avg sim: 48.75 Avg Abn Av.Sim Sim/SD Con.% Cum.%
Turritellinella tricarinata+ 12.89 7.57 4.76 15.52 15.52
Lesueurigobius friesii+ 10.23 5.95 4.43 12.21 27.73
Buglossidium luteum+ 9.46 541 4.49 11.09 38.83
Serranus hepatus+ 7.94 4.33 5.92 8.87 47.70
Astropecten irregularis+ 8.44 4.29 5.51 8.81 56.51
Diplodus annularis+ 7.60 3.68 5.61 7.55 64.06
45 m, Avg sim: 56.92

Turritellinella tricarinata+ 11.91 4.02 6.31 7.06 7.06
Sternaspis scutata+ 10.70 3.72 9.27 6.53 13.59
Processa edulis+ 10.39 3.51 5.62 6.17 19.76
Lesueurigobius friesii+ 9.05 3.24 7.59 5.70 25.45
Alpheus glaber+ 9.32 3.11 6.06 5.46 30.92
Dosinia sp+ 7.70 2.78 5.74 4.88 35.79
Serranus hepatus+ 8.03 2.60 9.56 4.56 40.35
Acanthocardia paucicostata+ 7.40 2.59 6.30 4.54 44.90
Buglossidium luteum+ 7.54 2.58 7.76 4.54 49.44
Goneplax rhomboides+ 7.61 2.54 8.32 4.46 53.89
Astropecten irregularis+ 7.28 2.33 6.27 4.10 57.99
Squilla mantis+ 6.65 2.31 6.31 4.06 62.05
Nephtys sp+ 6.71 2.26 9.78 3.97 66.02
Ophiozonella alba+ 6.71 2.22 9.29 3.90 69.92
Amphiura chiajei + 6.65 2.11 6.98 3.70 73.62
Magallana gigas+ 6.57 2.03 9.08 3.57 77.19
Solea solea 6.11 1.96 9.57 3.44 80.63
Sipunculidae gen sp+ 6.11 1.96 9.57 3.44 84.08
50 m, Avg sim: 43.08

Lesueurigobius friesii+ 9.62 7.29 5.73 16.92 16.92
Goneplax rhomboides+ 8.39 6.46 4.05 15.00 31.93
Astropecten irregularis+ 7.45 5.62 4.97 13.03 44.96
Alpheus glaber+ 7.21 5.38 4.35 12.50 57.46

However, the megafaunal communities or
assemblages oriented primarily with the seafloor
depths on the CCA plot (Table 8 and Figure 7). On
CCAL1 axis, near-bottom salinity was then correlated
with the megafaunal abundance and biomass.
Temperature, sea surface salinity and pH were
slightly correlated with faunal assemblages formed
on the CCALl axis (Table 8 and Figure 7). This
discrimination was explained with a percent variance
of 6.5% and 16.5% and 7.8% and 17.6% for species
data and species-environment relation based on

abundance and biomass, respectively on CCA1 axis,
but was not significantly approved by Monte Carlo
test (F = 1.258, P = 0.7060 and F=1.516, P=0.4880,
respectively) at p<0.05. On CCA2 axis, near-bottom
water density shaped the megafaunal communities
(Table 8 and Figure 7) which were not significantly
explained (Table 8). Therefore, the CCA2 of all four
CCA axes was not significantly proofed by Monte
Carlo test (F = 1.071, P = 0.3420 and F=1.297,
P=0.0660, respectively).
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Figure 7. Biplot of CCA of the sampling stations (e.g. L1F, station 1 in February, see Figure 1 for station codes
and location) classified by bottom depths, and environmental parameters (Prefixes for the
abbreviations: S, sea surface, and N; Near-bottom water: T; Temperature, S; salinity, D; density and
Ox; oxygen, pH; pH, and BT: Bottom depth) based on logio(X+1)-transformed abundances (a)
(sectors; i; inner gulf, m; middle gulf, o; outer gulf, g; shelly bottom, and p; vegetative bottom with

Posidonia oceanica) and biomass (b) of the megafauna.

Table 8. Summary of statistical measures of the characteristics of megafaunal species abundance and biomass in
relation to the environmental variables for CCA. Environmental parameters with the abbreviations used
in statistical analyses (Prefixes for the abbreviations: S, sea surface, and N; Near-bottom water: T;

Temperature, S; salinity, D; density and Ox; oxygen, pH; pH, and BT: Bottom depth).

Abundance Biomass
Variables
CCA1l CCA2 CCA1l CCA2

ST -0.2482 0.0159 -0.2226 0.0968
SS -0.2797 0.1133 -0.3350 0.1202
SD -0.0325 0.1368 -0.1309 0.0555
SpH 0.2508 0.0020 0.1722 -0.1470
SOx 0.1332 -0.0896 0.1530 -0.0715
NT -0.2412 0.1609 -0.2281 0.1781
NS -0.4929 -0.0634 -0.6134 -0.0847
ND -0.0152 -0.2496 -0.1229 -0.2849
NpH 0.0244 0.0601 -0.0820 -0.0691
NOx 0.1118 -0.0372 0.1312 -0.0282
BT -0.5919 -0.4893 -0.5829 -0.3266
Eigenvalues 0.451 0.390 0.557 0.495
Species-environment correlations 0.959 0.778 0.971 0.816
Cumulative percentage variance

of species data 6.5 12.2 7.8 14.7

of species-environment relation 16.5 30.8 17.6 33.2
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Cinar et al. (2012) correlated infauna of the inner
gulf positively with total organic carbon contents of
the sediment, water nutrients and chl-a in Izmir Gulf.
The outer gulf was correlated with the sedimentary
characters; positively with sand, negatively with silt
and clay contents. Infaunal community of the middle
gulf was located around the centre of the CCA in
Izmir Gulf (Cinar et al., 2012) as occurred in the
present study implying that there was no correlation
with the environmental parameters but the seasonality
compensated faunal community. Infaunal community
was found to be significant among the seasons (Cinar
et al., 2012). Colloca et al. (2003) found a similar
fauna  distribution  pattern in  the central
Mediterranean Sea, where Peres and Picard (1964)
observed that the demersal fauna assemblage
exhibited a strong relationship with depth-related
sedimentary texture from sandy detritic bottom to
muddy detritic bottoms. Hyland et al. (2005) found
that the species richness decreased as a factor of total
organic carbon after a critical concentration of 5% for
the benthic communities as occurred in the present
study.
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Appendix 1. Epifaunal species with their annual dominance (constant and common species), D (%), frequency of occurrence (most frequently occurred species), FO (%) and

numerical occurrence (most abundantly occurred species), NO (%), and ranges of abundance, A (in a format of minimum-maximum abundance/minimum-
maximum corresponding bottom depth, bottom depth where the maximum abundance ocurred), and biomass, B (minimum-maximum biomass/bottom depth

where the maximum biomass ocurred) and *: Alien species. + one species in branch.

Species DO% | FO% NO% Abundance (ind/km?) Biomass (kg/km?)
CHORDATA 43

Gnathostomata 37

Osteichthyes 35

Arnoglossus laterna (Walbaum, 1792) 39.39 2.18 0.545 681-33216/10-50,26 2.90-141.74/26
Blennius ocellaris Linnaeus, 1758 3.03 0.17 0.003 722-722/26-26,26 2.23-2.23/26
Buglossidium luteum (Risso, 1810) 63.64 3.53 1.011 697-86651/10-50,26 0.49-267.96/26
Callionymus filamentosus Valenciennes, 1837* 3.03 0.17 0.003 880-880/36-36,36 0.83-0.83/36
Callionymus maculatus Rafinesque, 1810 3.03 0.17 0.001 415-415/35-35,35 0.71-0.71/35
Callionymus reticulatus Valenciennes, 1837 39.39 2.18 0.260 138-29149/9-48,9 0.09-10.48/12
Cepola macrophthalma (Linnaeus, 1758) 6.06 0.34 0.003 207-794/35-40,40 0.47-0.47/35
Chromis chromis (Linnaeus, 1758) 3.03 0.17 0.004 1272-1272/15-15,15 17.07-17.07/15
Citharus linguatula (Linnaeus, 1758) 6.06 0.34 0.008 815-1612/45-48,48 26.04-26.04/48
Coris julis (Linnaeus, 1758) 3.03 0.17 0.019 5512-5512/15-15,15 23.60-23.60/15
Diplodus annularis (Linnaeus, 1758) 33.33 1.85 0.713 207-177297/9-48,40 6.58-472.51/48
Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817) 9.09 0.50 0.018 740-3266/13-15,15 6.81-54.28/15
Gobius geniporus Valenciennes, 1837 6.06 0.34 0.019 1959-3407/15-18,18 3.95-5.74/15
Gobius niger jozo Linnaeus, 1758 33.33 1.85 0.378 207-62900/9-45,9 2.55-144.30/36
Gobius paganellus Linnaeus, 1758 3.03 0.17 0.001 424-424/15-15,15 11.95-11.95/15
Gobius sp. 3.03 0.17 0.001 351-351/19-19,19 0.21-0.21/19
Gobius vittatus Vinciguerra, 1883 3.03 0.17 0.003 848-848/15-15,15 9.32-9.32/15
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Species

DO% | FO% NO%

Abundance (ind/km?)

Biomass (kg/km?)

Lesueurigobius friesii (Malm, 1874)

66.67 3.70 2.592

1415-212437/9-50,40

4.66-399.65/9

Merluccius merluccius (Linnaeus, 1758)

3.03 0.17 0.003

974-974/38-38,38

35.85-35.85/38

Mullus barbatus Linnaeus, 1758 3.03 0.17 0.001 407-407/45-45,45 3.83-3.83/45
Pegusa lascaris (Risso, 1810) 3.03 0.17 0.002 707-707/24-24,24 9.41-9.4102/24
Scorpaena maderensis Valenciennes, 1833 6.06 0.34 0.004 424-653/15-15,15 ND

Scorpaena porcus Linnaeus, 1758

12.12 0.67 0.023

708-3392 /11-15,15

17.96-359.58/15

Scorpaena scrofa Linnaeus, 1758

6.06 0.34 0.004

424-653/15-15,15

78.90-505.45/15

Serranus cabrilla (Linnaeus, 1758)

3.03 0.17 0.006

1612-1612/48-48,48

167.55-167.55/48

Serranus hepatus (Linnaeus, 1758)

42.42 2.35 0.209

415-22071/10-50,40

1.45-220.69/48

Serranus scriba (Linnaeus, 1758)

9.09 0.50 0.031

740-6784/13-15,15

8.36-173.01/15

Solea solea (Linnaeus, 1758)

27.27 1.51 0.234

138-59316/9-48,40

1.45-106.29/38

Sparus aurata Linnaeus, 1758

3.03 0.17 0.003

722-722/26-26,26

45.34-45.34/26

Symphodus cinereus (Bonnaterre, 1788)

3.03 0.17 0.003

740-740/13-13,13

2.44-2.44/13

Symphodus mediterraneus (Linnaeus, 1758)

3.03 0.17 0.006

1696-1696 /15-15,15

19.90-19.90/15

Symphodus ocellatus (Linnaeus, 1758)

3.03 0.17 0.087

25018-25018/15-15,15

70.57-70.57/15

Symphodus roissali (Risso, 1810)

12.12 0.67 0.044

424-5924/13-15,13

2.53-17.80/15

Symphodus rostratus (Bloch, 1791)

3.03 0.17 0.004

1272-1272/15-15,15

15.01-15.01/15

Symphodus sp

3.03 0.17 0.002

708-708/11-11,11

2.69-2.69/11

Chondrichthyes

Dasyatis pastinaca (Linnaeus, 1758)

3.03 0.17 0.002

710-710/15-15,15

157.32-157.32/15

Torpedo marmorata Risso, 1810

18.18 1.01 0.017

207-1121/13-50,25

25.22-224.39/25

Ascidiacea

Ciona intestinalis (Linnaeus, 1767)

9.09 0.50 0.010

710-1444/13-26,26

4.76-4.76/26
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Species DO% | FO% NO% Abundance (ind/km?) Biomass (kg/km?)
Microcosmus polymorphus Heller, 1877 6.06 0.34 0.035 2204-7853/15-25,25 46.22-160.37/15
Microcosmus vulgaris Heller, 1877 12.12 0.67 0.337 1506-87447/9-30,9 36.55-1193.42/9
Phallusia mammillata (Cuvier, 1815) 18.18 1.01 0.274 138-65969/9-45,9 2.92-120.73/9
Styela canopus (Savigny, 1816) 3.03 0.17 0.011 3306-3306/15-15,15 45.63-45.63/15
Styela plicata (Lesueur, 1823)* 3.03 0.17 0.001 407-407/45-45,45 12.6804-12.6804/45
MOLLUSCA 54

Bivalvia 41

Abra alba (W. Wood, 1802) 15.15 0.84 0.470 351-58280/15-45,15 0.17-29.40/30
Abra prismatica (Montagu, 1808) 18.18 1.01 0.098 707-17424/15-50,40 0.13-7.55/40
Abra sp 3.03 0.17 0.004 1144-1144/15-15,15 0.11-0.11/15
Acanthocardia echinata (Linnaeus, 1758) 6.06 0.34 0.039 806-10304/15-48,15 1.45-4.12/15
Acanthocardia paucicostata (G. B. Sowerby 11, 1834) 42.42 2.35 0.985 703-117932/9-48,30 0.14-132.09/30
Acanthocardia tuberculata (Linnaeus, 1758) 24.24 1.34 0.158 710-25995/10-48,26 0.45-45.41/26
Anadara sp 9.09 0.50 0.142 2130-31258/12-15,13 23.01-405.39/13
Arca noae Linnaeus, 1758 6.06 0.34 0.406 5682-111380/12-15,12 33.16-1278.27/12
Arca sp 12.12 0.67 0.123 722-29149/9-26,9 0.57-179.34/9
Barbatia barbata (Linnaeus, 1758) 3.03 0.17 0.011 3068-3068/9-9,9 5.06-5.06/9
Bivalvia 18.18 1.01 0.062 397-12636/14-40,26 0.39-6.18/15
Cardium sp 3.03 0.17 0.023 6497-6497/12-12,12 45.57-45.57/12
Cerastoderma edule (Linnaeus, 1758) 6.06 0.34 0.091 1223-24977/15-45,15 1.71-25.20/15
Chlamys sp 9.09 0.50 0.014 806-1856/12-48,12 5.48-17.07/12
Crassostrea sp 3.03 0.17 0.000 138-138/45-45,45 0.94-0.94/45
Dosinia sp 21.21 1.18 0.035 539-3669/12-48,45 0.0007-13.86/48
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Dosinia exoleta (Linnaeus, 1758) 12.12 0.67 0.136 707-20328/24-48,40 1.46-6.09/40
Ensis sp 3.03 0.17 0.127 36758-36758/30-30,30 9.80-9.80/30
Fulvia fragilis (Forsskal in Niebuhr, 1775)* 30.30 1.68 0.115 502-10739/9-48,9 0.05-78.68/15
Limecola balthica (Linnaeus, 1758) 3.03 0.17 0.019 5569-5569/12-12,12 24.03-24.03/12
Limopsis multistriata (Forsskal in Niebuhr, 1775) 6.06 0.34 0.097 351-27615/9-19,9 267.55-267.55/9
Magallana gigas (Thunberg, 1793)* 9.09 0.50 0.015 138-3261/45-48,45 4.93-35.10/45
Mimachlamys varia (Linnaeus, 1758) 3.03 0.17 0.002 595-595/15-15,15 0.23-0.23/15
Moerella pulchella (Lamarck, 1818) 39.39 2.18 0.436 539-38631/9-48,26 0.18-10.61/26
Mytilus galloprovincialis Lamarck, 1819 3.03 0.17 0.005 1534-1534/9-9,9 20.40-20.40/9
Nucula nucleus (Linnaeus, 1758) 12.12 0.67 0.241 1664-25273/26-45,26 0.49-17.13/40
Ostrea edulis Linnaeus, 1758 24.24 1.34 0.079 416-9205/9-50,9 2.18-50.01/9
Palliolum striatum (O. F. Miiller, 1776) 6.06 0.34 0.004 416-815/45-45,45 1.9-2.77/45
Peronaea planata (Linnaeus, 1758) 12.12 0.67 0.078 710-19491/9-26,12 0.50-29.23/12
Pinctada imbricata Roding, 1798* 6.06 0.34 0.006 648-1192/40-50,40 4.60-8.22/40
Polititapes aureus (Gmelin, 1791) 9.09 0.50 0.032 710-6497/12-15,12 4.82-26.08/12
Pteria hirundo (Linnaeus, 1758) 15.15 0.84 0.071 722-9077/26-50,50 10.61-134.95/45
Ruditapes decussatus (Linnaeus, 1758) 3.03 0.17 0.002 595-595/15-15,15 4.76-4.76/15
Spisula sp 3.03 0.17 0.034 9839-9839/15-15,15 4.54-4.54/15
Talochlamys multistriata (Poli, 1795) 3.03 0.17 0.005 1531-1531/30-30,30 8.73-8.73/30
Tapes sp 6.06 0.34 0.050 1534-12994/9-12,12 1.53-1.53/9
Tellina purpurata Gmelin, 1791 3.03 0.17 0.054 15707-15707/25-25,25 11.21-11.21/25
Thyasira flexuosa (Montagu, 1803) 3.03 0.17 0.004 1046-1046/49-49,49 1.36-1.36/49
Thyasira sp 6.06 0.34 0.047 880-12636/26-36,26 0.52-6.31/26
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Varicorbula gibba (Olivi, 1792) 21.21 1.18 2.826 407-404843/13-45,15 0.08-48.72/15
Venus sp 3.03 0.17 0.005 1458-1458/50-50,50 0.43-0.43/50
Gastropoda 10

Anomia ephippium Linnaeus, 1758 24.24 1.34 2.813 351-610598/9-45,9 0.07-576.53/9
Aporrhais pespelecani (Linnaeus, 1758) 18.18 1.01 0.128 138-16847/12-48,30 1.45-112.80/30
Bolinus brandaris (Linnaeus, 1758) 15.15 0.84 0.018 348-2243/19-49,25 3.30-38.93/25
Calyptraea sp. 12.12 0.67 0.075 1664-12636/15-45,26 0.72-1.30/15
Hexaplex trunculus (Linnaeus, 1758) 6.06 0.34 0.008 806-1506/10-48,10 25.96-36.80/10
Ocenebra sp 3.03 0.17 0.003 765-765/30-30,30 3.52-3.52/30
Philine aperta (Linnaeus, 1767) 9.09 0.50 0.012 397-2122/24-40,24 0.95-2.92/38
Phorcus articulatus (Lamarck, 1822) 3.03 0.17 0.148 42635-42635/25-25,25 20.86-20.86/25
Tritia reticulata (Linnaeus, 1758) 9.09 0.50 0.387 2130-103954/12-25,12 1.06-137.92/12
Turritellinella tricarinata (Brocchi, 1814) 54.55 3.03 72.575 7037-8187083/10-50,26 1.82-6676.48/30
Scaphopoda 1

Dentalium sp 33.33 1.85 3.167 440-575868/10-50,26 0.03-100.01/26
Cephalopoda 2

Sepia officinalis Linnaeus, 1758 15.15 0.84 0.017 681-1534/9-36,9 64.24-218.46/9
Sepiola robusta Naef, 1912 3.03 0.17 0.003 765-765/30-30,30 1.37-1.37/30
ARTHROPODA 20

Crustacea 20

Cirripedia 1

Chthamalus sp 3.03 0.17 0.239 68959-68959/26-26,26 32.45-32.45/26
Decapoda 17
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Alpheus glaber (Olivi, 1792) 27.27 1.51 0.390 397-82246/15-50,48 0.11-50.87/48
Alpheus macrocheles (Hailstone, 1835) 6.06 0.34 0.004 424-815/15-45,45 0.04-0.38/45
Carcinus aestuarii Nardo, 1847 3.03 0.17 0.086 24683-24683/25-25,25 246.05-246.05/25
Eriphia verrucosa (Forskal, 1775) 27.27 151 0.188 595-38147/10-48,25 0.29-280.27/25
Galathea sp 0.00 0.00 0.000 ND/19-45,19 0.01-0.03/19
Goneplax rhomboides (Linnaeus, 1758) 39.39 2.18 0.162 693-9706/9-50,45 0.35-36.04/48
Leucisca sp 6.06 0.34 0.014 928-3225. /12-48,48 0.74-7.17/48
Liocarcinus depurator (Linnaeus, 1758) 6.06 0.34 0.019 710-4640/12-15,12 1.85-2.62/15
Liocarcinus vernalis (Risso, 1827) 3.03 0.17 0.047 13463-13463/25-25,25 26.81-26.81/25
Metapenaeus affinis (H. Milne Edwards, 1837)* 15.15 0.84 0.051 1077-6497/12-25,12 2.87-31.24/15
Metapenaeus monoceros (Fabricius, 1798)* 3.03 0.17 0.020 5896-5896/15-15,15 31.77-31.77/15
Pagurus sp 6.06 0.34 0.014 502-3434/10-15,15 0.75-34.34/15
Penaeus kerathurus (Forskal, 1775) 15.15 0.84 0.157 737-40657/12-50,40 1.45-26.97/50
Pisa sp 3.03 0.17 0.006 1612-1612/48-48,48 0.40-0.40/48
Processa edulis (Risso, 1816) 24.24 1.34 0.641 722-110467/26-50,48 0.14-21.20/48
Processa sp 27.27 1.51 0.673 440-70149/15-48,38 0.07-17.42/40
Sphaerifer sp 3.03 0.17 0.004 1223-1223/45-45,45 0.12-0.12/45
Stomatopoda 2

Erugosquilla massavensis (Kossmann, 1880)* 3.03 0.17 0.007 1948-1948/38-38,38 34.48-34.48/38
Squilla mantis (Linnaeus, 1758) 15.15 0.84 0.018 407-1612/15-50,48 0.44-25.31/48
ECHINODERMATA 18

Asteroidea 8

Amphiura chiajei Forbes, 1843 42.42 2.35 0.758 138-146945/10-50,26 0.01-18.70/26
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Asterias rubens Linnaeus, 1758* 3.03 0.17 0.218 62831-62831/25-25,25 22.43-22.43/25
Astropecten bispinosus (Otto, 1823) 3.03 0.17 0.024 6897-6897/40-40,40 0.72-0.72/40
Astropecten irregularis (Pennant, 1777) 63.64 3.53 0.659 207-70933/10-50,40 0.80-151.93/30
Astropecten jonstoni (Delle Chiaje, 1827) 3.03 0.17 0.003 806-806/48-48,48 8.30-8.30/48
Astropecten spinulosus (Philippi, 1837) 3.03 0.17 0.001 207-207/35-35,35 7.06-7.06/35
Echinaster (Echinaster) sepositus (Retzius, 1783) 6.06 0.34 0.005 424-1102/15-15,15 0.81-6.39/15
Marthasterias glacialis (Linnaeus, 1758) 3.03 0.17 0.002 708-708/11-11,11 0.28-0.28/11
Ophiuroidea 2

Amphiodia (Amphispina) obtecta Mortensen, 1940* 3.03 0.17 0.001 397-397/40-40,40 0.79-0.79/40
Ophiozonella alba (Liitken & Mortensen, 1899) 18.18 1.01 0.028 277-3828/30-49,30 0.37-1.69/48
Echinoidea 4

Echinocardium cordatum (Pennant, 1777) 12.12 0.67 0.121 3488-16608/25-49,26 20.75-76.19/49
Gracilechinus acutus (Lamarck, 1816) 3.03 0.17 0.004 1121-1121/25-25,25 7.85-7.85/25
Psammechinus microtuberculatus (Blainville, 1825) 3.03 0.17 0.001 424-424/15-15,15 1.14-1.14/15
Sphaerechinus granularis (Lamarck, 1816) 3.03 0.17 0.011 3306-3306/15-15,15 118.38-118.38/15
Holothuroidea 4

Holothuria (Holothuria) tubulosa Gmelin, 1791 6.06 0.34 0.079 722-22045/15-26,15 1.37-653.41/15
Holothuria (Panningothuria) forskali Delle Chiaje, 1823 3.03 0.17 0.008 2204-2204/15-15,15 33.39-33.39/15
Holothuria (Platyperona) sanctori Delle Chiaje, 1823 3.03 0.17 0.011 3306-3306/15-15,15 102.61-102.61/15
Holothuria (Roweothuria) poli Delle Chiaje, 1824 3.03 0.17 0.002 708-708/11-11,11 30.25-30.25/11
ANNELIDA 9

Polycheata 9

Eunice sp 9.09 0.50 0.006 351-806/15-48,48 0.07-8.06/48
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Glycerina sp 18.18 1.01 0.030 416-3897/15-48,38 0.07-1.55/38
Lumbrineridae sp 3.03 0.17 0.003 806-806/48-48,48 0.64-0.64/48
Magelona rosea Moore, 1907 3.03 0.17 0.002 708-708/11-11,11 6.44-6.44/11
Nephtys hombergii Savigny in Lamarck, 1818 12.12 0.67 0.038 440 -7794/36-45,38 0.26-4.28/38
Nephtys sp 9.09 0.50 0.011 277-1612/45-48,48 0.16-0.97/45
Serpulidae sp 3.03 0.17 0.003 974-974/38-38,38 0.09-0.09/38
Sternaspis scutata (Ranzani, 1817) 36.36 2.02 1.239 722-94593/15-50,45 0.35-32.81/40
Syllis incisa (O. Fabricius, 1780) 3.03 0.17 0.002 539-539/45-45,45 0.10-0.10/45
PORIFERA 3

Axinella cannabina (Esper, 1794) 9.09 0.50 0.028 653-6377/11-19,11 0.52-271.08/19
Chondrosia reniformis Nardo, 1847 6.06 0.34 0.020 2204-3543/11-15,11 45.98-103.50/15
Sarcotragus foetidus Schmidt, 1862 3.03 0.17 0.003 756 9-756/15-15,15 1491.22-1491.22/15
SIPUNCULA 1

Sipunculidae gen sp 9.09 0.50 0.007 138-1612/45-48,48 0.02-1.45/48
CNIDARIA 4

Anthozoa 4

Actinia sp 6.06 0.34 0.090 1144-24683/15-25,25 2.86-36.35/25
Anemonia sulcata (Pennant, 1777) 6.06 0.34 0.029 806. -7695/40-48,40 1.45-6.61/48
Anthozoa sp 18.18 1.01 0.023 648-2204/13-50,15 1.61-62.60/15
Pennatula phosphorea Linnaeus, 1758 18.18 1.01 0.320 502-65969/9-50,9 8.83-587.43/,9
BRYOZOA+ 3.03 0.17 0.015 4251-4251/11-11,11 55.48-55.48/11
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Abstract: Sediment dredging (removal), a lake management method, is performed on a regular basis to improve
the recreational value of Mogan Lake. The aim of the study is to a) determine heavy metal concentrations (Hg,
As, Cd, Cr, Pb, Ni, Cu, and Zn) in the sediment after dredging and make evaluations based on the sediment
quality criteria, b) define the potential sources of heavy metals by multivariate analyses, c) shed light on the
effectiveness of the dredging in the context of current data. As indicated by the findings from two stations
under the influence of mineral processing facilities (station 1) and domestic wastewater discharges (station I1)
taken in May and November, 2020, the mean heavy metal concentrations in the sediment in decreasing order
were Cr>Cu>Zn>Ni>Pb>As>Cd>Hg. Cr, Ni, and As levels were found to exceed the probable effect level
(PEL) and therefore, the lake sediment was classified as heavily polluted in terms of Cr, Ni, Cu and As. Based
on the Spearman’s correlation analysis, Cu-Cd, Zn-Pb, and As-Cd were found to have similar anthropogenic
sources. Three main components determined by the principal component analysis also support this result; the
differences in heavy metals originating from different anthropogenic sources reflect the environmental pollution
diversity and pressure related to the heavy metal accumulation in the lake sediment. Based on our findings,
sediment removal in Mogan lake can not be considered as effective intervention. As anthropogenic pollutants
persist in the lake basin, sediment should be routinely monitored for heavy metal levels to ensure the lake's
sustainable use.

Key words: Sediment Dredging, Sediment Quality, Heavy Metal, Principal Component Analysis, Mogan Lake

Mogan Goli’nde (Ankara, Tiirkiye) Sediment Tarama Uygulamalarinin
Sedimentteki Agir Metal Konsantrasyonlar1 A¢isindan Degerlendirilmesi

Ozet: Bir gol yonetim uygulamasi olan sediment taramas1 (uzaklastirimi), Mogan Golii'niin rekreaktif degerinin
artirilmasi amaciyla zaman zaman gergeklestirilmektedir. Bu ¢aliymada, sediment tarama faaliyetinden sonra; a)
sedimentteki bazi agir metal (Hg, As, Cd, Cr, Pb, Ni, Cu ve Zn) konsantrasyonlarinin belirlenmesi ve sediment
kalite kriterlerine gore degerlendirilmesi b) gol sedimentindeki agir metallerin potansiyel kaynaklarmin bazi ¢ok
degiskenli istatistiksel analizler kullanarak tanimlanmasi c¢) giincel veriler baglamida sediment taramasinin
etkinligine 151k tutulmas1 amaglanmistir. Golde litoral bolgede; 6zellikle maden isleme tesisleri ile evsel kaynakl
atik sularin (I. istasyon) ve evsel atik sular ile tarimsal faaliyet kaynakli atik sularin ulastig1 alanda (II. istasyon)
secilen iki istasyondan 2020 yilinin Mayis ve Kasim aylarinda alinan yiizey sediment 6rneklerinde saptanan
bulgulara gore, sedimentteki ortalama agir metal konsantrasyonlarinin dizilimi Cr>Cu>Zn>Ni>Pb>As>Cd>Hg
seklinde bulunmustur. Cr, Ni ve As, ay-istasyonlara gore olasi etki degerini (PEL) asmuis olup, g6l sedimenti Cr,
Ni, Cu ve As agisindan ¢ok kirli siifa girmektedir. Spearman korelasyon analizi sonuglarina gére, Cu-Cd, Zn-Pb
ve As-Cd, benzer antropojenik kaynaklar ile gole ulagsmaktadir. Temel bilesen analizi ile belirlenen 3 temel
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bilesen de bu sonucu desteklemekte, farkli antropojenik kaynaklardan koken alan agir metallerdeki farkliliklar,

goldeki agir metal birikimine iliskin ¢evresel baskinin gesitliligini ve baskisini yansitmaktadir.

Bulgular

1s1ginda, golde gergeklestirilen sedimentin uzaklastirilmasi faaliyetini, etkin bir girisim olarak degerlendirmek
olasi goziikkmemektedir. GOl havzasindaki farkli antropojenik kirleticiler devam ettikge, gdliin siirdiiriilebilir
kullanimi agisindan gol sedimenti agir metaller agisindan rutin olarak izlenmelidir.

Anahtar kelimeler: Sediment Tarama, Sediment Kalitesi, Agir Metal, Temel Bilesen Analizi, Mogan Golii

Giris
Sediment  tarama  uygulamalari, g6l i¢i
otrofikasyon kontroliine yonelik fiziksel

yontemlerden biri olup, akarsular, goller, kiy1 sular1
ve denizlerden dip sedimentlerinin uzaklastirilmasi
olarak tanimlanabilmektedir. Tarama uygulamalari
rekreaktif amaca hizmet etmekte, gol i¢i yiiklemenin
onemli bir fosfor kaynagi oldugu gollerin
iyilestirilmesi basta olmak iizere, makrofit kontrolii
veya sedimantasyonla biiyiikk oranda dolmus gollerde
sigligin bertarafi siireglerinde kullanilmaktadir. S6z
konusu uygulamanin; maliyet, sedimentten besin
elementi-toksik madde salimimi, koku sorunu,
sedimentin bosaltildig1 alana cevresel etkisi gibi
birtakim olumsuz etkileri de bulunmaktadir
(Peterson, 2007; Manap ve Voulvoulis, 2015).
Limnolojik  ve  ekotoksikolojik  kirlenme
calismalarimin ~ ana  unsurlarindan  biri  olan
sedimentler, kirleticilerden agir metallerin deposu ve
potansiyel bir kaynagidir. G6l sedimentlerinde agir
metallerin, tarama uygulamalar1 ile basarili bir
sekilde kontrol altina alindig1 ¢aligmalar bulunmakta
(Wang ve Feng 2007; Fathollahzadeh vd., 2015;
Chen vd., 2019), tarama yapilmayan bolge ile
kargilagtirildiginda, taramanin  sedimentteki agir
metal  konsantrasyonlarint  2-5 kat  azalttig
bildirilmektedir (Jiang vd., 2010; Smal vd., 2015).
Sucul ekosistemlerdeki kirletici
konsantrasyonlarinin, kabul edilebilir limitlerini
belirlemek i¢in kullanilan kalite kriterleri (SQG), agir
metal, PAH ve PCB gibi birgok toksik madde igin
gelistirilmis, TEL (Esik etki seviyesi) ve PEL (Olas1
etki seviyesi) degerleri belirlenmistir. Ornegin
USEPA (United States Environmental Protection
Agency) SQG’e gore sediment; “kirli olmayan”,
“kismen kirli” ve “asir1 kirli” olarak siniflandirmakta;
SQG i¢in TEL degeri, bu konsantrasyonun altinda
kéti etkilerin goriinmesinin nadir; PEL degeri ise bu
konsantrasyonun iizerinde koti etkilerin
goriinmesinin siklikla olacagini ifade etmektedir
(MacDonald vd., 2000; Pulatsii ve Topgu, 2015).
Gélbas1 Ozel Cevre Koruma Bélgesi’nde bulunan
Mogan Go6lii ¢evresinde giderek artan yerlesim
yerlerinin  yanisira  tarimsal  faaliyetler  gibi
antropojenik etkiler goliin rekreaktif degerini de
olumsuz yonde etkilemektedir. Bu tip etkilerin
yanisira Golbasi’nda andezit tasi isleyen 24 fabrika, 4
atdlye olmak iizere 29 tesis bulundugu ve bu
tesislerde 2006 yilinda yapilan denetimlerde birgok
tesisin Ozellikle kesim esnasinda ortaya g¢ikardiklar
sulu ¢amurlar1 herhangi bir aritma islemi yapmadan
golii besleyen Sukesen deresine verdikleri ve soz

konusu tesislere idari para cezalar1 verildigi
bildirilmistir (Anonim, 2013). Ayrica Cevre ve
Sehircilik Bakanligi yetkilileri, havzada bulunan
andezit tas1 igleme tesislerinin ¢amurlarindan alinan
numunelerde yiikksek oranda agir metal tespit
edildigini Dbelirtmislerdir. Golbasi Belediyesi’nden
edinilen bilgilere gore; fiilen gol tabanindan camur
¢ekilmesine 20 Temmuz 2017’de baslanilmis ve 2018
yili Kasim ayinda sonlandirilmastir.

Mogan Goli'nde, sedimentin agir metal
seviyesine iligskin arastirmalar olduk¢a smirli sayida
kalmigtir (Yavuz ve Filazi, 2015; Olgun ve
Kocaemre, 2011; Benzer vd., 2013; Topgu ve Kaya,
2017). Bu g¢aligmalar, Mogan Golii sedimetinde
ortalama metal konsantrasyonlarinin; dizilimine,
mevsimsel-yersel degisimlerine, sediment kalite
kriterleri ve TEL/PEL degerleri ile karsilagtirilmasina
yoneliktir.

Bu c¢aligma ise, Mogan Goli’niin rekreaktif
degerinin artirilmasi amaciyla uygulanan sediment
tarama (uzaklastirnmi) faaliyetinden sonra; a) gol
sedimentindeki agir metal konsantrasyonlarmin (Hg,
As, Cd, Cr, Pb, Ni, Cu ve Zn) belirlenen iki ay ve
istasyona gore degisimlerinin tespit edilmesine b)
agir metal konsantrasyonlarinin SQS, TEL ve PEL
degerlerine gore degerlendirilmesine c) korelasyon ve
temel bilesen analizi ile sedimentteki agir metallerin
potansiyel kaynaklarini tanimlamak d) giincel veriler
baglaminda girigimin etkinligine 151k tutulmasina
odaklanmustir.

Materyal ve Yontem
Arastirma alam

Mogan Golii aliivyal set golii olup, Ankara’nin 20
km giineyinde yagis ve irili ufakli besten fazla
dereden gelen sular diginda beslemesi oldukga diisiik
yeralt1 suyuyla beslenmektedir. Golbasi Ozel Cevre
Koruma Bolgesi sinirinda olan gol, Ramsar’a aday
gosterilen onemli sulak alanlarindandir (Anonim,
2016).

Saha ¢alismasi

Mogan Golii litoral bolgede, tabani sediment
orneklerinin alimmma uygun olan ve goli kirleten
kaynaklar1 da temsil edecek sekilde iki istasyon
secilmigtir. Buna gore, 1. istasyon; 6zellikle maden
isleme tesisleri ve evsel kaynakli atik sularin ulastig1
alanda, II. istasyon; evsel atik ve tarimsal faaliyet
kaynakli atik sularin ulagtigi alandadir. Yiizey
sediment  Ornekleri  litoral  bdlgede  secilen
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istasyonlardan 2020 yilinin Mayis ve Kasim
aylarinda alinarak koyu renkli naylon torbalarda ve
soguk ortamda laboratuvara ulastirilmstir.

Laboratuvar ¢calismasi

Sediment 6rnekleri, 105°C 2 saat kurutulduktan
sonra ¢ozeltiye alma islemleri Anton Paar Multiwave
3000 Microwave Digestion System (Rotor type
8SXF100) kullanilarak yapilmigtir. Hg, As, Cd, Cr,
Pb, Ni, Cu ve Zn diizeyleri Endiiktif Eslesmis Plazma
Kiitle Spektrometresi (ICP-MS, Perkin  Elmer
NexION 350D) kullanilarak tespit edilmistir.
Analizler ~ ODTU  Merkezi  Laboratuvari’nda
yapilmistir.

istatistiksel analizler

Gozlem sayist az oldugu igin agir metallerin farkli
istasyonlara goére karsilastirilmasinda Mann-Whitney
testi, ayni istasyonlardaki aylara gore
kargilagtirilmasinda ise Wilcoxon isaretli sira sayilart
testi kullanilmigtir. Ayrica agir metaller arasindaki
iligkinin yonii ve miktar1 Spearman korelasyon
katsayisi ile saptanmistir. Gole ulasan agir metaller
iizerinde dogal ve antropojenik faktorlerin katkisini
belirlemek  amacryla temel bilesen  analizi
kullanilmistir. Temel bilesenler analizi sonucunda
yorumlamay: zorlastiran  bilesenlerin  koordinat
sistemi iizerinde yer almasi nedeniyle, toplam
aciklanan varyans oraninin degismedigi, ancak daha
basit bir yapiya ulagsmanm miimkiin oldugu Varimax
dondiirme yontemi kullanilmistir. Varimax déndiirme
yonteminde yiikler matrisinin her siitunundaki bazi
yik degerleri 1’e yaklastirilirken, geriye kalan yiik
degerleri ise 0° a yaklagtirilmaktadir. Caligmada tim
istatistiksel analizler i¢in iki yonli p <0.05 degeri
istatistiksel olarak anlamli kabul edilmistir (Pardo ve
Pardo, 2018; Kolassa, 2020). Istatistiksel analizler
icin SPSS 23 yazilimimdan yararlanilmistir.

Bulgular ve Tartisma

Sedimentte ortalama agir metal konsantrasyon
degerlerinin aylara ve istasyonlara bagli degisimi
Tablo 1’de sunulmustur. Mogan Gdlii’'nde sediment
orneklemesi yapilan aylara gore istasyonlar agisindan
farkliligin istatistiksel olarak o6nemli bulunmadig:
agir metaller; mayis ayinda Hg iken, kasim ayinda
Hg, Ni, Zn ve Pb olarak belirlenmistir. Aylar
acisindan ise her iki istasyonda da tim metaller
istatistiksel acidan  O6nemli seviyede farklilik
gostermemistir (p>0,05) (Tablo 1).

Tablo 1°deki verilere gore, her iki istasyon goz
Oniine alindiginda agir metal konsantrasyonlarinin
dizilimi; 1. istasyonda: Cu>Zn>Ni>Cr>Pb>As>Cd>
Hg, Il. istasyonda: Cr>Zn>Ni>Cu>Pb>As>Cd>Hg
olarak belirlenmistir. Her iki istasyon ve ay dikkate
alindiginda ise toplam ortalama bazinda sedimentteki
agir metal konsantrasyonlarimin dizilimi;
Cr>Cu>Zn>Ni>Pb>As>Cd>Hg seklindedir. Agir
metal konsantrasyonlarmim diziliminde, istasyon ve

aylar acisindan Cu ve Cr’un siralama yeri diginda bir
farklilik s6z konusu degildir.

Golde yiriitillen onceki ¢aligmalarin  kantitatif
sonuglarinin yanisira, herbir metale iliskin SQS ve
MacDonald vd. (2000)’in bildirdigi TEL (esik etki
degeri)- PEL (olas1 etki degeri) ile ardalan degerler
Tablo 2’de sunulmustur. Bu kapsamda Mogan Golii
sedimentine iligkin agir metal konsantrasyon
degerleri; sediment tarama Oncesi ddnemde
gerceklestirilen Yavuz ve Filazi (1995), Olgun ve
Kocaemre (2011), Benzer vd. (2013) tarafindan
gerceklestirilen ¢aligmalarda bildirilen ayni metallere
ait sonuglarindan daha yiiksek bulunurken, Hg
konsantrasyon seviyeleri Olgun ve Kocaemre
(2011)’ye ait bulgulardan daha diisiik seviyede
belirlenmistir. Bu ¢alismada tespit edilen sediment
Cu-Zn konsantrasyon degerleri, Topcu ve Kaya
(2017)’in ¢alismasinda bildirilen Cu (34,75-75,50
ng/gKA) ve Zn (20,50-36,50 pg/gKA) konsantrasyon
degerlerinden ve  gdolde  sediment  tarama
faaliyetlerinin devam ettigi silirecte, Kii¢iikosmanoglu
ve Filazi (2020) tarafindan yiiriitilmiis c¢aligmada
elde edilen verilerden daha yiiksek bulunmustur
(Tablo 2).

Calismamizda, genel ortalamalar  dikkate
alindiginda, her iki istasyonda Hg, Cu, Cd ve Zn’nun
esik etki (TEL) seviyesini asmadigi, diger metallerin
(Cr, Ni, As, Pb) ise astig1 belirlenmistir. Hg, Cu, Zn,
Cd, Pb olas: etki seviyelerini (PEL) asmazken, Cr,
Ni, As genel ortalamalar bazinda PEL degerlerini
asmistir (Tablo 2). Mogan Goli’'nde Benzer vd.
(2013) tarafindan yiiriitilen ¢alisma kapsaminda
sedimentteki Cr, Cu, Pb, Zn seviyelerinin olas1 etki
seviyesini (PEL) asmadig1 bildirilmesine karsin, bu
calismada ele alinan ortak agir metallerden yalniz
Cr’un PEL degerini astig1 saptanmistir. Ayrica Topgu

ve Kaya (2017), go6lde ortalama  metal
konsantrasyonlarini azalan sirayla
Ca>Zn>Al>Cu>TFe>K>Na>Mg>Mn seklinde
belirlemis  olduklar1  dizilim ile  benzerlik

gostermezken, Cu ve Zn konsantrasyon verilerini
TEL/PEL ve SQGs degerleri ile karsilastirdiklar:
sonuclar ile uyum gostermektedir.

Kiiglikosmanoglu ve Filazi (2020) tarafindan
Mogan Goélii'nde belirlenen 5 istasyondan elde edilen
yiiksek agir metal seviyelerinin, istasyonlara gore
farklilik gosterdigi ve en kirli istasyonunun, restoran
ve cay bahcelerinden gelen atiklarin bosaltildigi
alana, nispeten diisiik kirlenme diizeylerinin ise,
Colova ve Sukesen Dere’lerinin gdle dokildiigii

lokasyonlarda tespit edildigi bildirilmistir.
Arastirmacilarin yiizey sedimentlerinde belirledikleri
agir metal konsantrasyonlarinin dizilimi

Fe>Zn>Cu>Ni>Se>Pb>Cr>As>Al>Cd seklinde olup,
dikkate aldigimiz ortak agir metallerden Cr’un As ve
Cd’dan daha yiiksek olduguna iligkin sonucu
desteklemektedir.
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Agir metal konsantrasyonlarinin ardalan degerleri
dikkate alindiginda, Hg’nin I. istasyonda diisiik
olmast disinda, tiim metallerin ardalan degerlere gore
daha yiiksek bulundugu goriilmektedir. SQS degerleri
kapsaminda ise, g6l sedimenti Cr, Ni, Cu ve As
acisindan ¢ok kirli sinifa girerek, sedimentin 6zellikle
sozii edilen agir metallerce oldukca kirlendigi
olgusunu gozler dniine sermektedir (Tablo 2).

Mogan Golii'nde gerek son alt1 yilda (Topcu ve
Kaya, 2017) sediment tarama Oncesi gerekse tarama
esnasinda yapilan calisma kapsaminda
(Kiictikosmanoglu ve Filazi, 2020) belirlenen agir
metaller degerleri ile giincel veriler dikkate
alindiginda, tarama girisiminin sedimentin agir
metallerle kirlenmesi agisindan olumlu bir etkisi
oldugunu séylemek olas1 goziikmemektedir.

Peng vd. (2009), sedimentlerin agir metallerin en
o6nemli rezervleri olarak metallerin
transformasyonlarinda olduk¢a 6nemli rol oynadigini,
bu nedenle tarama girisiminin gl ve nechirlerde
sedimentten metal salimiminin azaltilmasi igin
sedimentin oksidasyonundan kaginilmasi gerektigini
bildirmislertir. Van den Berg vd. (2001) ise, sediment
tarama girigiminin hem partikiiler hem de gdzenek
suyundaki kirleticilerin dagilim ile
sonuclanabildigini, s6z konusu girisimin agir

metallerin hareketliligini artirarak &zellikle taranan
kisim ile askida kati maddenin karigimi, organik
madde ve Mn degerlerinde diismeye, askida kati
maddedeki agir metallerin miktarinda artiga neden
oldugunu belirtmiglerdir. Belirlenen giincel verilere
bakarak Mogan Goli’'nde sediment tarama ertesi,
sedimentte dikkate alinan agir metal
konsantrasyonlarindaki artiglar nedeniyle, tarama
faaliyetinin agir metallerin dagilimimi ve diizeyini
tetikledigi  diistiniilmektedir. ~ Ancak  arastirma
bulgulari, Wang ve Feng (2007) tarafindan South
Goli'nde (Cin), sediment tarama ertesi, sedimentte
Hg (%97,0), Zn (%93,1), As (%82,6), Pb (%63,9),
Cd (%52,7), Cu (%50,1), Cr (%32,0) ve Ni (%23,6)
i¢in indirgenme belirledikleri ¢alisma sonuglari ile
ortiismemektedir.

Fan vd. (2919), sedimetin yapisindaki killerin
genis bir yilizey alanina ve gozenek hacmine sahip
oldugundan agir metalleri daha fazla adsorbe
edebileceginden s6z etmistir. Bu calismada,
istasyonlar ve aylar baz alindiginda sedimentin kil
ylizdesi (%45,13-87,13), silt yiizdesinden (%12,86-
54,86) daha yiiksek bulunmustur. Sedimentin Kil
agirlikli yapisinin da agir metallerin  sedimentte
tutulumunda 6nemli rol oynadigi diisiiniilmektedir.

Tablo 1. Sedimentte ortalama agir metal degerlerinin aylara ve istasyonlara bagli degisimi (N=4)

Ornekleme Parametre Istasyonlar
Zamani (mg/kg) | I
Hg 0,04 +0,03%A™ 0,015+0,0128
Cr 72,08+4,03%A 194,12436,3498
Ni 69,16 +5,36%A 91,75+3,3948
Mayis Cu 171,47+10,98%A 23.91+1,039%
Zn 132,73413,24% 64,85:|:2,99dB
As 23,5943,65% 16,55+1,1 198
cd 0,42:£0,09 0,220,108
Pb 45,693,01°A 16,45+1,43%
Hg 0,01£0,01°A 0,110,125
Cr 54,43:|:2,84eA 147,27+1 8,46fB
Ni 63,174,000 58,96::1,69%
Kasim Cu 190,848 34°A 45,0+25,78'®
Zn 115,734,79PA 106,9762,03%
As 18,991, 14 9,83+0,30'®
cd 0,440,10¢A 0,170,05'®
Pb 453842610 43,9836 245

" . Aym satirdaki kiigiik harfler, ayn1 ayda her bir parametrenin istasyonlar arasi farkliligini,
" Ayni siitundaki biiyiik harfler ise aym1 istasyonda her bir parametrenin aylar arasindaki farkliligim gdstermektedir.
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Tablo 2. Mogan Goli’nde sediment tarama 6ncesi farkli ¢aligmalar ile bu ¢alismaya iligkin agir metal konsantrasyonlari

Hg Cr Ni Cu Zn As Cd Pb Kaynaklar
- - - 75 49 : 6 270 Yavuz ve Filazi (1995)(ug/kg) (1991-1992)"
200 - - - - . 1000 10000-25000 Olgun ve Kocaemre (2011) (ug/kg) (2009)"
Tarama oncesi
- 22,19-41,31 - 9,91-30,19  11,27-18010 . - 0,46-1,78 Benzer vd. (2013) (ng/g) (2007)*
- - - 31,25-36,50  63,75-75,50 - : - Topgu ve Kaya (2017) (ug/g) (2015)*

Kiigiikosmanoglu ve Filazi (2020) (ng/kg)

Tarama esnasinda 0,9+2,86 406,7+65,1 4481+672 45144537 14051£1068  66,6+8,4  24,846,9 651,3£129,1 )
(2017 May1s-2018 Haziran)*

Tarama sonrasi
) 0,01-0,04 54,43-72,08 63,17-69,16 171,47-190,84 115,73-132,73 18,99-23,59 0,42-0,44 45,38-45,69
(1. istasyon) Bu ¢alisma

(mg/kg) (2020)*

Tarama sonrasi
0,015-0,11 147,27-194,12 58,96-91,75 23,91-45,20 64,85-106,97 9,83-16,55 0,17-0,22 16,45-43,98

(11. istasyon)
Ardalan degerler 0,05 92 47 28 67 4,8 0,09 17 Rudnick ve Gao (2014)
ax* <1.0 <25 <20 <25 <90 <3 - <40
8 b - 25-75 20-50 25-50 90-200 3-8 - 40-60 Wang ve Feng (2007)
%]
c >1.0 25-75 >50 >50 >200 >8 >6 >60
TEL 0,174 37,3 18,0 35,7 123,0 5,9 0,596 35,0
MacDonald (2000)
PEL 0,486 90,0 36,0 197,0 315,0 17,0 3,53 91,3

*: Arastirmanin yiiriitiildiigii y1l; **a: Kirlenmemis, b: Orta diizeyde kirlenmis, c:Yogun kirlenmis
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Tablo 3. Sedimentte agir metaller arasindaki Spearman korelasyon katsayilari

Hg Cr Ni Cu Zn As Cd Pb
Hg 1 0,512* 0,194 -0,053 0,485 -0,088 0,068 0,541*
(0,043) (0,471) (0,846) (0,057) (0,745) (0,803) (0,030)
Cr 1 0,494 -0,744* -0,232 -0,518* -0,591* -0,218
(0,052) (0,001) (387) (<0,040) (0,016) (0,418)
Ni 1 -0,059 0,094 0,344 0,229 0,009
(0,829) (0,729) (0,192) (0,393) (0,974)
Cu 1 0,656* -0,729* 0,921* 0,671
(0,006) (0,001) (<0,001)  (0,004)
Zn 1 0,626* 0,697* 0,932*
(0,009) (0,003) (<0,001)
As 1 0,891* 0,459
(<0,001)  (0,074)
Cd 1 0,626*
(0,009)
Pb 1

*0,05 diizeyinde 6nemli korelasyon

Istasyonlara gére bir elementin diger elementlerle
bulunma iligkileri, matrisler seklinde Tablo 3’te
verilmistir. Agir metaller arasindaki korelasyon, agir
metallerin kaynaklar1 ve tagmim yollar1 konusunda
bazi bilgiler vermekte; belirlenen pozitif degerler
sozli edilen elementlerin ortak bir kaynaga sahip
olma, tagmmim esnasinda birlikte bulunma ve ayni
davranis gosterme; belirlenen negatif degerler ise bu
elementlerin  farkli kaynaklardan koken aldigi
seklinde yorumlanmaktadir. (Hu vd., 2013; Mamat
vd., 2016). Spearman korelasyon analizi sonuglarina
(p<0,05) gore, Cr-Cu (negatif yonli) ve Cu-As
(negatif yonlil) arasinda giclii iliskiler; Cu-Cd
(pozitif yonlii), Zn-Pb (pozitif yonlii) ve As-Cd
(pozitif yonlii) arasinda ¢ok giiglii iliskiler oldugu
goriilmektedir. Cu, Cd, Hg, Pb ve As gibi agir
metallerin gerek madencilik faaliyetleri gerekse
giibre, pestisit kullanim1 basta olmak iizere, tarimsal
faaliyet odakli atik sularla alici ortamlara ulastigi
bildirilmekte olup (Dai vd., 2018), Mogan Golii’nde
aralarinda giiclii korelasyon saptanan séz konusu
metallerin de istasyonlar1 karakterize eden benzer
antropojenik kaynaklarla gdle ulastig1
diigiiniilmektedir.

Calisma kapsaminda temel bilesen analizi ile
goldeki kirletici  kaynaklardaki agir metallerin
cesitleri ve katkilarinin nasil olacagi tanimlanmistir.
Onemli bulunan bilesenlere ait grafik Sekil 1’de
gosterilmigstir. Analiz sonucunda toplam varyansin
%96,141’1ni agiklayan 6zdegeri 1’den biiyiik 3 temel
bilesen tespit edilmistir. Toplam  varyansin
%40,063’linli agiklayan 1. temel bilesende bulunan

Cu (0,826), As (0,962) ve Cd (0,933) diger agir
metallere gére daha giiclii pozitif yiike sahiptir (Tablo
4). Her ii¢ agir metalin de drneklemenin yapildig: iki
periyotta, maden isleme tesisleri ile evsel kaynakli
atik sularin desarj edildigi I. istasyonda, II. istasyona
gore oldukea yiiksek degerlerde seyrettigi (Tablo 1)
goriilmektedir. Toplam  varyansmn  %31,625’ini
aciklayan 2. temel bilesende bulunan Hg (0,936), Zn
(0,831) ve Pb (0,900) agir metalleri ise diger agir
metallere gore daha giiglii pozitif yiiklere sahiptir.
Farkli aragtirmacilar tarafindan uygulanan temel
bilesen analizi sonuglarina gore, yerlesim yerlerinden
Ni, Cr, Cu, Fe, V, Ba, Zn, Pb’un ulastig1 belirtilmis
(Baralkiewicz vd., 2008), evsel yerlesimler ile giibre-
pestisit kullaniminin gol sedimentinde Cd, Pb ve Hg
birikimine yol a¢tig1 bildirilmistir (Li vd., 2013;
Mamat vd., 2016). Toplam varyansin %24,452’sini
aciklayan 3. temel bilesende bulunan Cr (0,779) ve
Ni (0,935) agir metalleri ise diger agir metallere gore
daha giicli pozitif yiiklere sahiptir (Tablo 4). Bu
metallerden 6zellikle Cr, 6rnekleme yapilan her iki
ayda da evsel atik sular ile tarimsal faaliyet kaynakl
atik sularin ulastigi II. istasyonda, 1. istasyona gore
daha yiiksektir (Tablo 1).

Genel olarak Tablo 3’te agir metaller arasinda
tespit edilen giigli iliskiler elde edilen temel
bilesenlerin yiiklerini destekler niteliktedir. Temel
bilesen analizi sonucu, goéle ulasan farkli antropojenik
kaynaklardan  koéken alan agir metallerdeki
farkliliklar, goldeki agir metal birikimine yonelik
cevresel Dbaskinin ¢esitliligini  ve baskisim1  da
yansitmaktadir.
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Tablo 4. Sedimentteki agir metaller i¢in temel bilesenler analizi (Varimax yontemi ile dondiirme yapilmus hali)

Temel Bilesenler

Parametre
1 2 3
Hg -0,318 0,936 0,076
Cr -0,604 0,014 0,779
Ni 0,131 -0,287 0,935
Cu 0,826 0,181 -0,523
Zn 0,427 0,831 -0,269
As 0,962 -0,078 0,120
Cd 0,933 0,178 -0,109
Pb 0,248 0,900 -0,313
Varyans Katki Oranlar: (%) 40,063 31,625 24,452
Kiimiilatif Katkilari (%) 40,063 71,689 96,141
1.0 : -P.bzn
0.5
g 5 Cd. .Cu
E 0.0 - .As
o .NI
-0.54
1.0

-05 o6

05

140 08
1 5‘119-'53“3

Sekil 1. Onemli bulunan temel bilesenlerin grafigi

Sonug¢

Mogan Goli’nde gergeklestirilen sedimentin
uzaklastirilmasi girisimini; gerek sediment tarama
Oncesi ile tarama esnasinda gerekse bu caligma
kapsaminda elde edilen sedimentteki agir metal
konsantrasyonu diizeylerine bakarak, etkin bir girigim
olarak degerlendirmek olas1 gozilkmemektedir. Bu
baglamda;

Go6l  havzasindaki  antropojenik  kirleticilerin
kontroliine yonelik girisimler 6n plana ¢ikarilmali,
goliin  sirdirilebilir  kullanim1  agisindan, g6l
sedimenti bu c¢alismada ele aliman sekiz agir metal
(Cr, Cu, Zn, Ni, Pb, As, Cd, Hg) diizeyleri agisindan
rutin olarak izlenmelidir.

salinimini
sediment tarama

Sedimentten agir  metallerin
degerlendirebilmek ve uygun

stratejileri onerebilmek igin analitik kimya ve eko-
toksikolojik testler paralel olarak
gerceklestirilmelidir.

Mogan Golii’'nde tarama uygulamalariin gevresel
etkileri, silireci vb. unsurlar yaninda belirli bir
maliyeti de s6z konusudur. Bu acidan sedimentteki
agir metal diizeylerine gore, tarama alanlarinin
bolgesel olarak onceliklendirilmesi, tarama derinligi
ve teknigi gibi konular da g6z Onilinde
bulundurulmalidir.

Tesekkiir

Bu calisma Arzu Binici’nin “Mogan Golii’nde
(Ankara) Dip Tarama Uygulamalar1 Sonrasi
Sedimentin Kirlilik Durumunun Degerlendirilmesi”
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Abstract: In this study, the selectivities of commercial 44 mm nominal polyethylene (PE) diamond mesh
(PE44DM) and square mesh (PE44SM) codends for red mullet Mullus barbatus fisheries in Antalya Bay,
Eastern Mediterranean, were compared and modelled. For this purpose, a conventional bottom trawl of 600
meshes was operated onboard R/V “Akdeniz Su” during night time at 25-50 m depths for a total of 21 hauls. Data
were collected using the covered codend technique, and analysed using a logistic equation with maximum
likelihood by SELNET software. The PE44DM codend had a higher catch rate (89.6%) and 32.5% of M.
barbatus were below the minimum landing size whereas catch rates decreased to 42.1% and 9.9%, respectively,
in the PE44SM codend. Changing from the diamond mesh to square mesh codend increased the mean Lso and
SA values from 8.2 to 13.2 cm and from 2.11 to 2.87 cm, respectively. Both Lsp and SA values obtained in the
present study show a statistically significant increase (no overlap in 95% confidence limits) with a change in the
same mesh size codends from diamond to square for M. barbatus. The use of the PE44SM codend resulted in a
significant improvement in the selectivity of M. barbatus compared to the currently used PE44DM codend with
a very low escape ratio (10%).

Key words: Red Mullet, Trawl Selectivity, Square Mesh, Mullus barbatus

Antalya Korfezi’nde Barbunya Bahigi (Mullus Barbatus) icin Rombik ve
Kare Gozlii Torba Seciciliginin Karsilastirilmasi

Ozet: Bu galismada, Antalya Korfezi’nde ticari olarak kullanilan 44 mm rombik (PE44DM) ve kare gozlii
(PE44SM) torbalarin Barbunya baligi Mullus barbatus i¢in boy segiciligi kiyaslandi ve modellendi. Bu amagla,
R/V “Akdeniz Su” arastirma gemisi ve 600 gozli dip trolii kullanarak 25-50 m derinliklerde gece karanliginda
21 trol ¢ekimi gergeklestirilmistir. Cemberli Ortli torba teknigi kullanilarak elde edilen veriler ‘En Yiiksek
Olabilirlik Yontemi’ ile lojistik fonksiyon kullanilarak SELNET programiyla analiz edildi. Yiiksek yakalama
oranina (%89,6) sahip olan PE44DM torbadaki M. barbatus bireylerinin %32,5’i yasal avlanma boyundan
kiigiiklerden olusurken, PE44SM torbada bu oranlar sirasiyla %42,1 ve %9,9’a diismiistiir. Rombik gozlii
torbadan kare gozlii torbaya gegis, ortalama Lsp ve SA degerlerini sirasiyla 8,2'den 13,2 cm'ye ve 2,11'den 2,87
cm'ye yiikseltmistir. Bu ¢alismada elde edilen Lso ve SA degerleri, ayn1 goz agikligindaki rombik gozlii torbadan
kare gozlii torbaya gegildiginde istatistiksel olarak anlamli bir artis oldugunu (%95 giiven sinirlarinda drtiisme
yok) gostermektedir. Ticari olarak kullanilan ve ¢ok diisiik kacirma oranina (%10) sahip PE44DM torbaya
nazaran PE44SM torbanin kullanimi1 M. barbatus’un seg¢iciliginde 6nemli iyilestirme saglamustir.

Anahtar kelimeler: Barbunya, Trol Segiciligi, Kare Ag, Mullus barbatus
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Giris

Barbunya baligi (Mullus barbatus) iilkemizde
ticari degeri en yiiksek baliklar arasinda olup, iiretim
miktar1 acgisindan demersal tiirler icerisinde Mezgit
(Merlangius merlangus), Tekir (Mullus surmuletus)
ve Kupez (Boops boops)’den sonra 4. sirada
bulunmaktadir (Anonim, 2021). Hemen tiim diger
demersal tiirlerde oldugu gibi son 10 yildaki (2010-
2020) tretim miktar1 %32 azalarak 2351 ton’dan
1604 tona (Anonim, 2021) diigmiistiir. Miktardaki bu
diisiise ragmen trol torba aglarinda kare gozli ag
kullanim1 halen balik¢inin tercihine birakilmistir.
Bununla birlikte Karadeniz’de 40 mm olarak
kullanilmaya devam edilen rombik gozlii aglarda
torba ag goz agikligr ancak 1 Eylil 2024 tarihinden
sonra 44 mm olarak uygulanacaktir (Anonim, 2020).

Tiirkiye’de son ¢eyrek asirdir dip trol aglariyla M.
barbatus’un avciliginda kullanilan 40 ve 44 mm
rombik  gozli trol torbalarmin  segiciliginin
belirlenmesi ve 1iyilestirilmesi amaciyla bir¢ok
calisma (Gurbet, 1992; Tokag, 1993; Metin, 1995;
Lok vd., 1997; Zengin vd., 1997; Geng vd., 2002;
Kaykag, 2007; Tosunoglu vd., 2008) yapilmasina
ragmen, kare gozli torba seciciligi inceleyen
calismalar nispeten daha kisithidir. Akdeniz’de
Demirci (2009), Ates vd. (2010) ve Ozbilgin vd.
(2015), Ege denizinde Aydm ve Tosunoglu (2010) ve
Aydin vd. (2011), Karadeniz’de ise Kaykac¢ vd.
(2018) ticari olarak kullanilan 40 mm/44 mm rombik
gozlii  torbalart  kare  gozlii  torbalart  ile
kiyaslamiglardir. Bu caligmalarda, kare gozli
torbalarin fusiform viicutlu baliklarin ayni boyuttaki
rombik gozlii torbalara nazaran daha iyi sonug
verdigi ortaya konmustur.

Sunulan bu makalede, Antalya Korfezi (Dogu
Akdeniz) ticari dip trol balik¢iliginda yasal olarak
kullanilan 44 mm rombik gozlii torba ile alternatif
olarak denenen 44 mm kare gozli torbanin M.
barbatus i¢in segiciliklerinin farklihig: test edilmistir.

Materyal ve Yontem

Bu c¢alisma, Tarim ve Orman Bakanligi,
Balik¢ilik ve Su Uriinleri Genel Miidiirliigii’'nden
yasal izin (Tarih: 16/11/2020, No: 41894) alinarak
gergeklestirilmistir.

Antalya Korfezi’nde Decapod Crustasea tiirlerinin
dinamiklerinin belirlenmesi amaciyla “R/V Akdeniz
Su” arastirma gemisi kullanilarak, Eylil 2019 ve
Kasim 2021 tarihleri arasinda aylik olarak, 90-200
dakika siirelerle ve 2,6-3,0 knot’luk hizlarda dip trol
ag1 cekimleri yapilmistir (Tablo 1). Ornekleme alani
25-50 m derinliklerde ve kiyidan yaklagik 2,1 deniz
mili agikta yer almaktadir.

Cekimler 600 goz geleneksel kesimli dip trolii ve
¢emberli Ortii-torba yontemi (Wileman vd., 1996)
kullanilarak gece yapilmistir. Caplar1 7 cm olan PVC
materyal kullanilarak, ¢aplari sirasiyla 135 cm ve 160

cm olan 2 ¢ember, tlinelin bittigi yerden 1,5 m ve 4,5
m mesafelerde ortiiye donatilmistir (Deval vd., 2009).
Trol ¢ekimlerinde polietilen (PE) malzemeden (380
Td /27 no) yapilmig, diigiimlii 44 mm nominal g6z
acikligina sahip rombik (PE44DM) gozlii torba Eyliil
2019-Subat 2021 arasindaki orneklemelerde, Mart-
Kasim 2021 arasindaki 6rneklemelerde ise kare gozlii
(PE44SM) torba kullanilmistir (Tablo 1). Denenen
torbalar 5 m uzunlugunda ve gevre goz sayisi 264
diir. Kullanilan 6rtii agin uzunlugu ise 7,5 m olup,
diigiimli multifilament poliamid (PA) malzemeden
(210 Td/18) ve 22 mm goz agikligindadir.

Deniz ¢alismalar siiresince PE44DM torba ile 12
(toplam 27,7 saat) ve PE44SM torba ile de 9 (toplam
25,75 saat) olmak {izere toplam 21 ¢ekim
gergeklestirilmigtir.  Cekimler esnasinda torba ve
ortiinlin biri ve/veya her ikisinde yeterli veya hig
birey Orneklenememesi veya torba agin yirtilmasi
gibi  nedenlerle  bazt  ¢ekimler  analizlerde
kullanilamamustir (Tablo 1).

Her bir ¢cekim sonunda giiverteye alinan ortli ve
torba ayr1 ayr1 bosaltilarak once kikirdakli balik
tirleri hizli bir sekilde avdan ayrilarak gerekli
biometrik degerleri alindiktan sonra canli olarak
denize birakilmistir. Daha sonra, tiirlere gore ayrilan
avda tiirlerin birey sayilart alindi ve toplam agirliklari
Olglilmistir. Mullus barbatus bireylerinin total
uzunluklart (TL: cm) 6lgiim tablalari kullanilarak 1
cm hassasiyetle 6l¢lilmiistiir.

Torbadan kagan M. barbatus’un uzunluga bagh
yakalanma olasiliklar1 asagidaki sekilde
modellenmistir:

r(l): torbaya giren | uzunlugundaki M.
barbatus’un yakalanma olasiligi (Wileman vd., 1996)

b= (v, )"
vektoriidiir. Ayrica;

Los: (-log (3)- vi) / v2)
Lso: -vi/ vz

Lzs: (log (3)-v1) / v2)
SA: Segicilik araligi: (Izs — I25): 2 loge (3) / v2
SF: Segicilik faktorii

Los, Lso, L7s @ Yakalanma oraninin %25, %50 ve
%75’ oldugu uzunluk degerleri (cm)

Torbalardaki boy segiciligi ve yakalanma
olasiligin1 modellemek i¢in standart logit fonksiyonu
kullanilmistir (Hermann vd., 2013; Larsen vd., 2016).
Hem ¢ekim i¢i hem de ¢ekimler arasindaki
degisimlerin boy segiciliginin tahminindeki etkilerini
dogru bir sekilde hesaba katabilmek icin, ¢ift
tekrarlama metodu (double bootstrap) kullanilarak
hem tahmin edilen parametreler (Lso ve SA) hem de
secicilik egrisi igin Efron %95 giiven araliklar
tahmin edilmistir (Larsen vd., 2016).

secicilik  parametrelerinin

. |so / ag g6z uzunlugu
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Tablo 1. PE44DM ve PE44SM torbalar igin, torbada yakalanan ve 6rtiiye kagan M. barbatus bireylerinin 6l¢iim ve sayilart (YAB: Yasal avlanma boyu 13 em TL, CN: Cekim
Numarasi, CS: Cekim siiresi, *: gecersiz ¢ekim)

CS Boy PE44DM torba Ortii torba CS  Boy PE44DM torba Ortii torba
Tarih CN (dk) (cm) n  n<YAB n  n<YAB Tarih (dk)  (cm) n  n<YAB n n<YAB

13.09.2019 1 120 7-16 1334 770 284 268 20.03.2021 1 145 11-23 183 0 100 95
08.10.2019 2 120 7-17 65 42 57 47 19.04.2021 2 180 14-28 267 0 240 192
28.11.2019* 3 120 9-19 68 20 4 2 18.05.2021* 3 175 13-14 1 0 13 8
20.12.2019* 4 90 11-19 23 2 9 1 16.06.2021 4 200  8-22 294 21 59 45
26.01.2020* 5 120 10-18 6 1 7 4 08.07.2021 5 175 6-19 222 18 214 70
24.02.2020* 6 120 - 0 0 0 0 19.08.2021 6 170  5-21 324 136 1858 1858
14.06.2020* 7 150 - 0 0 0 0 25.09.2021 7 150 7-22 243 51 788 640
16.07.2020 8 145  4-19 380 57 19 18 21.10.2021 8 160 7-23 220 16 173 91
24.11.2020 9 140 8-18 442 51 13 12 12.112021* 9 190 7-22 730 5 266 178
24.12.2020 10 170 9-23 659 169 14 11
21.01.2021* 11 185 9-22 574 42 7 3
20.02.2021* 12 180 Torba ag zarar gordii

¥= 1660 3551 1154 414 366 1545 5-26 2484 247 3421 3177
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Analizlerde SELNET yazilimi1 (Herrmann vd.,
2012) kullanilmis ve belirtilen giiven araliklarin
tahmini i¢cin 1000 tekrar yinelemesi (bootstrap
iterations) uygulanmistir.

Segicilik parametrelerinin (Lso ve SA) %95 giiven
siirlarinda ortiisme olup olmadigimin incelenmesiyle
iki torba arasinda istatistiksel olarak bir fark olup
olmadigi belirlenmigtir (Madsen vd., 2012; Deval vd.,
2016).

M. barbatus i¢in yasal yakalanma boyutuna (13
cm) gore yapilan degerlendirmeler 5/1 Numaral

Ticari Amacli Su Uriinleri Aveciligini Diizenleyen
Tebligde belirtilen boy yasagi sinirlamasina gore
yapilmistir (Anonim, 2020).

Bulgular ve Tartisma

Aragtirma siiresince Orneklenen M. barbatus
bireylerinin total uzunluklari 4-23 c¢m arasinda
degismektedir. Total boy dagilim histogramlar1 torba
ve Ortiilerde yakalanan M. barbatus bireylerinin 9-10
cm ve 15 cm de olmak iizere iki modlu dagilimlarini
ortaya koymaktadir (Sekil 1).

Kacma olasihg:

D

PE44DM

Birey sayisi(n)

Kacma olasihg:
=)
S .
h h

I

[ 4

h
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PE44SM
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=]
e
[
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3

L350 &
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2

L 175 M
T T b ¢ T T 0
15 17 19 21 23 25

Total Boy (cm)

Sekil 1. M. barbatus’un PE44DM ve PE44SM torbalardan elde edilen ortalama segicilik egrileri (%95 giiven
aralik smirlari ile birlikte), kagma olasiliklar1 ve boy dagilimlari (kirmizi ¢izgi: torbada yakalanan, yesil

kesik ¢izgi: ortii torbaya kagan)

PE44DM torba ile yapilan denemelerde trol agina
giren 3965 barbun bireyinin %89,6’1 torbada
yakalanirken  sadece  %10,4’ti  Ortii  torbaya
kacabilmigtir (Sekil 1a). PE44SM torba ile yapilan
denemelerde ise, trol agina giren bireylerin (n=6195)
%42,1°1 torbada yakalanirken, geri kalan bilyiik oran
kagma basarist gosterdi (Sekil 1b). Cok yiiksek
yakalama kesrine (0.896) sahip olan PE44DM
torbadaki M. barbatus bireylerinin yaklasik tigte biri
(%32,5) yasal avlanma boyundan kiigiiklerden
olugsmaktadir. Rombik agdan kare gozli aga
gecildiginde ise bu deger %9,9’a diismektedir (Tablo
1).

Secicilik analizlerinde kullanilan bireysel ¢ekim
sayilar1 PE44DM ve PE44SM torbalar i¢in sirastyla 5
ve 8 dir. Ortalama Lsp ve SA degerleri ile onlarin
giiven araliklari Tablo 2’de ve ortalama segicilik
egrileri de Sekil 1°de verilmistir. PE44DM torbanin

PE44SM torba ile degistirilmesinde ortalama Lsg
degeri %61 artarak 8,2 cm’den 13,2 cm’e
yikselmistir. Segicilik aralig1 degerleri PE44DM ve
PE44SM torbalar igin sirasiyla 2,11 ve 2,87 cm
olarak tahmin edilmistir. PE44DM ve PE44SM
torbalarin segicilik parametrelerinin (Lso ve SA) %95
giiven araliklarinin Ortiismemesi nedeniyle, denenen
iki torbanin hem Lsp ve hem SA degerlerinin
istatistiksel olarak birbirinden farkli bulundu (Tablo
2).

Tirkiye'de bir¢ok arastirmaci farkli ag boyutlari,
g0z sekilleri ve ip kalinliklar1 igin M. barbatus’un
seciciligi lizerinde calismistir (Tablo 3). Daha ¢ok
rombik (DM) ag gozlerinin denendigi caligmalara
nazaran, kare gozli (SM) torbanm tiiriin segiciligi
iizerindeki etkisini inceleyen ¢aligmalar nispeten daha
kisithdir.
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Tablo 2. Mullus barbatus i¢cin PE44DM ve PE44SM torbalarda ortalama boy segiciligi ve uyum istatistikleri.

%50 yakalanma uzunlugu (Lso) ve segicilik araligi (SA) degerleri total uzunluk (cm) ve %95 giiven
araliklar1 (parantez iginde), V1 Ve Va: regresyon parametreleri ve standart hatalar1 (parantez iginde), Rui.
Ri2 Ve Ry: varyans matris degerleri, nP™®: Torbada yakalanan bireylerin ortalama yiizdesi, nP:
Torbada yakalanan bireyler arasinda yasal avlanma boyundan kiigiik olanlarin ortalama yiizdesi, nP*:
Ortiiye kacan bireyler arasinda yasal avlanma boyundan kiiciik olanlarin ortalama yiizdesi, SF: Segicilik

faktorii

PE44DM PE44SM
Lso 8,2 (7,9-10,0) 13,2 (12,3-14,1)
SA 2,11 (0,27-3,57) 2,87 (2,30-3,64)
SF 0,54 0,33
V1 -5,398 (0,607) -9,926 (0,464)
V2 0,657 (0,058) 0,754 (0,019)
Ri1 0,3688 0,2165
Ri2 -0,0349 -0,0164
R22 0,0034 0,0013
Torbada yakalanan 3551 2484
npToal 89,6 42,1
nP- 32,5 9,9
Ortiiye kacan 414 3421
nP* 88,4 92,9
Sapma 40,95 41,88
Serbestlik derecesi 15 18
p 0,0003 0,0004

Tablo 3. Tiirkiye denizlerinde M. barbatus i¢in yapilmis rombik (DM) ve kare gozlii (SM) ag calismalari (PE;
Polietilen, PA; Poliamid, DM; rombik gbéz, SM; Kare goz, CB; catal boy, SA; Secicilik aralig

(Demirci (2009))

Ag

Goz

Goz

Alan materyali Sekli acikhg (mm) Lan S NEWITELS
DM 40 10,9 - Geng vd., 2002
Karadeniz PE DM 40 9,8 2,2
PE SM 40 11.9 13 Kaykag vd., 2018
DM 44 14,5 - Gurbet,1992
DM 44 11,5 - Tokag, 1993
DM 44 13,5¢B - .
SM 44 14,768 i Metin, 1995
PA SM 44 13,7 2,9 Lok vd., 1997
Ege denizi DM 40 13,6 3,6
SM 40 14,3 2,3
DM 44 147 5.0 Gurbet vd., 1997
SM 44 15,5 4,1
PE SM 40 14,3 2,3
PE SM 50 15.3 4.4 Aydmn vd., 2011
PE DM 44 13,8 2,3 -
PE SM 40 14.0 3.2 Demirci, 2009
. PA DM 44 10,7 2,9
Akdeniz PE SM 40 142 31 Ates vd., 2010
PE DM 44 8,4 52 w L,
PE SM 40 141 26 Ozbilgin vd., 2015
PE DM 44 8,2 2,1 B |
PE SM 44 13,2 2,9 | gatisma
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Ege ve Akdeniz’de dip trol balik¢iliginda kullanilan
44 mm DM torbalarin M. barbatus igin boy
seciciliginin denendigi ¢aligmalarda Lso degerleri 8.4
- 15.0 cm arasinda degismektedir (Tablo 3). Cekim
sliresi, ip materyali, farkli denizler ve g¢evre goz sayisi
gibi faktorler bu salinimlarin muhtemel nedenleridir.

44 mm DM torbadan 40 mm SM torbaya
gecildiginde Lso degeri Antalya Korfezi'nde 10,7
cm’den 14,2 cm’e %32 (Ates vd., 2010) ve Mersin
Korfezi’nde 8,4 cm’den 14,1 cm’e %68 (Ozbilgin
vd., 2015) yiikseldigi tespit edildi. 40 mm DM torba
kullanilarak  yapilan calismalarda elde edilen
sonuglarin tiimii Lsg degerini yasal avlanma boyunun
lizerine ¢ikartmaktadir (Tablo 3). Karadeniz’de 40
mm DM ve SM torbalarin kiyaslandigi yeni tarihli bir
calismada (Kaykacg vd., 2018), Lso degeri 9.8 cm’den
11.9 cm’e yiikselmis olmasina ragmen 13 cm’lik
yasal avlanma boyundan halen ¢ok diisiik
kalmaktadir. Ulkemizdeki secicilik g¢alismalarmin
baslangicina tarihlenen ve Ege Denizi’nde yapilmis
olan ¢alismada (Metin, 1995) 44DM torbadan 44SM
torbaya geg¢ildiginde 13,5 cm (CB) olan Lso degeri
14,7 cm (Catal boy)’e yiikseldi (Tablo 3). Rombik
g0zl torbadan kare gozli torbaya gegcildiginde Lso
degerlerindeki iyilesmelere ters olarak, bazi
calismalarda SA degerlerinde anlamli kiiglilmeler
gozlenmigtir. SA degerinde Karadeniz’de 2,2 cm’den
1,3 cm’e (%40) (Kaykag vd., 2018), Ege denizinde
3,6 cm’dan 2,3 cm’e (%36) (Gurbet vd.,1997) ve
Mersin Korfezinde 5,2 cm’den 2,6 cm’e (%50)
(Ozbilgin vd., 2015) yiiksek diisiisler tespit edilmistir
(Tablo 3). Oysa kare gozlii torbaya nazaran rombik
aglarin daha diisiik kagis oran ve Lso degerine sahip
olmalar1 nedeniyle, kare gozlii torba kullaniminda
fusiform yapili barbun baliginin kagig orani ve
kacanlarin  uzunluk siif araliklarinin  artmasi
nedeniyle SR degerinin de artmast beklenen bir
sonugtur. Sunulan ¢aligmada, yakalanma oranlari
>0,25 ile <0,75 olan uzunluk smiflarinin sayist
PE44DM torbada sadece 2 iken (8 ve 9 cm), PE44SM
torbada bu 4’e (11-14 cm) yiikselmistir. Demirci
(2009) ve Ates vd.(2010)’da benzer sekilde, DM
torbadan SM torbaya geciste segicilik araliginda (SA)
anlaml artiglar belirlediler.

M. barbatus’un maksimim boylarinda farkliliklar
olmamasina ragmen, 44DM torba kullanilarak Ege
denizinde yapilmis ¢aligmalarda elde edilen 14.5 cm
(Gurbet 1992), 13.5 cm (Metin 1995) ve 14,7 cm
(Gurbet vd., 1997)’lik Lso degerleri Akdeniz’de elde
edilen 10.7 cm (Ates vd, 2010) ve 8,4 cm (Ozbilgin
vd., 2015)’den oldukga yiiksek oldugu goriilmektedir.
Sunulan bu ¢alismada da 44 mm kare torba igin Lsp
degeri 8,2 cm olarak tahmin edildi. Ag materyali
(PE/PA), ip kalinlig1 ve 6rnekleme metodundaki (&rtii
torba, c¢emberli-ortii torba ve pantolon trol)
farkliliklara neden oldugu diistiniilmektedir.

Sonu¢ olarak 44 mm ag goz ag¢ikligina sahip
torbalarla yapilan bu c¢aligmada, kare gozli
(PE44SM) torbanin ticari olarak kullanimda olan

rombik gozlii (PE44DM) torbaya gbére M. barbatus
icin boy segiciligini gelistirerek, Lsp degerini (13,2
cm) yasal yakalanma boyunun (13 cm) iizerinde
cikartmigtir. Gerek c¢aligmanin ortaya koydugu sonug
ve gerekse Onceki literatiir bilgileri, Akdeniz de halen
uygulanmakta olan “kare gozlii ag kullaniminin
balik¢ilarin  tercihine birakilmasi™nin  dogru bir
uygulama olmadigi ve bir an once kare gozli
aglardan imal torba kullanimmin zorunlu hale
getirilmesini gerektirmektedir.

Tesekkiir

Antalya Tarim 11 Miidiirliigiinde gorevli olan
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Abstract: The study was carried out monthly between 2014 and 2016 in Akkdy Lagoon, Southern Aegean Sea.
Experimental beach seine net was used to determine the species diversity in the lagoon. Fishing operations were
carried out in triplicate at two different stations. Sea surface temperature (°C), salinity (%o), dissolved oxygen
(mg.I") and pH were measured. Abundance, species richness (S) and Shannon (H) index values were computed
to determine species diversity. A total of 1878 fish specimens from 17 species belonging to 9 families were
captured by the beach seine net. The Mugilidae family with five species was represented by the highest catch
rates among all the families. According to Canonical Correspondence Analysis (CCA), the diversities of fish
species were strongly influenced by environmental parameters. Results indicated that Chelon ramada, Mugil
cephalus and Chelon saliens were dominant in the winter and autumn and showed positive correlation with DO.
Chelon auratus and Sparus aurata were dominant in the spring and Solea solea, Chelon labrosus, Lithognathus
mormyrus, Sardina pilchardus, Boops boops, Zosterisessor ophiocephalus, Mullus spp. and Syngnathus spp.
were dominant in the summer and showed positive correlation with SST, pH and salinity. Atherina boyeri,
Aphanius fasciatus, Blennius spp. and Pomatoschistus spp. were present in all seasons.

Key words: Ichthyofauna, Beach-Seine, CCA, Coastal Lagoon, Aegean Sea

Akkoy Lagiinii’nde (Ege Denizi) Til Igripla Yakalanan Bahk Tiir
Cesitliligine Mevsim ve Bazi Fiziko-Kimyasal Parametrelerin Etkileri

Ozet: Bu calisma, 2014-2016 yillar1 arasinda Giiney Ege Denizi'ndeki Akkdy Lagiinii’nde aylik olarak
gerceklestirilmigtir. Lagilindeki tiir ¢esitliligini belirlemek i¢in deneysel tiil 18rip ag1 kullanilmistir. Avcilik iki
istasyonda {i¢ tekrarli olarak yapilmistir. Lagiindeki deniz yiizey suyu sicakligi (°C), tuzluluk (%o), ¢oziinmiis
oksijen (DO, mg.I"Y) ve pH 6lgiilmiistiir. Tiir ¢esitlilifinin analizi igin bolluk, tiir zenginligi (S) ve Shannon (H)
indeksi degerleri hesaplanmistir. Igrip agiyla 9 aileye ait 17 tiirden toplam 1878 balik 6rnegi elde edilmistir. Bes
tiire sahip Mugilidae familyasi, aileler arasinda en ¢ok yakalanan baliklar olmustur. Kanonik Uyum Analizine
(CCA) gore, balik tiirlerinin ¢esitliligi ¢evresel parametrelerden biiyiik 6lgiide etkilenmistir. DO ile pozitif
korelasyon gosteren kis ve sonbahar mevsimlerinde Chelon ramada, Mugil cephalus ve Chelon saliens'in baskin
oldugu goriilmektedir. Chelon auratus ve Sparus aurata baharda baskin tiir olmustur ve Solea solea, Chelon
labrosus, Lithognathus mormyrus, Sardina pilchardus, Boops boops, Zosterisessor ophiocephalus, Mullus spp.
ve Syngnathus spp. sicaklik, pH ve tuzluluk ile pozitif korelasyon gosteren yaz sezonunda baskin olmustur.
Atherina boyeri, Aphanius fasciatus, Blennius spp. ve Pomatoschistus spp. her mevsim bulunan tiirlerdir.

Anahtar kelimeler: ihtiyofauna, Igrip, CCA, Kiyisal Lagiin, Ege Denizi
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Giris

Geleneksel olarak, balikgilik ve su iriinleri
yetistiriciligi, antik ¢aglardan beri Akdeniz kiy1
lagiinlerinde yiiriitiilmektedir ve bdlgenin kiiltiirel
mirasinin bir pargasidir (Cataudella vd., 2015). Pek
¢ok balik tiirii ve juvenil formlari, bol yiyecek
bulunabilirliginin yan1 sira geligimlerini tamamlamak
ve predatorlerinden korunmak maksadiyla ilkbahar
aylarinda lagiinlere girerler. Bu nedenle kiy1
lagiinleri, Anguilla anguilla, Atherina boyeri,
Dicentrarchus labrax, Sparus aurata ve kefaller gibi
birgok diadrom balik tiiriiniin barinma, gelisim ve
beslenme alanidir (Cataudella vd., 2015). Akdeniz
kiy1 lagiinleri, 6zellikle tuzluluk ile ilgili baz1 dnemli
salmimlara sahiptir ve birgok takson igin asiri
kosullar yaratabilir ve diisiik sayidaki oldukca
Ozellesmis tiir, ortaya ¢ikan biyogesitliligi karakterize
eder (Cataudella vd., 2015).

Lagiinler, balik¢ilar tarafindan kullanilmazsa yok
olma egiliminde olan biyo-jeo-morfolojik yapilardir.
Ozellikle hem ¢evresel hem de sosyo-ekonomik
acidan lagiinlerin ekolojik 6zelliklerini korumak ve
hassas habitatlarinin  bozulmasini  6nlemek igin
geleneksel kiiltiir balik¢iligi ve avcilik faaliyetlerinin
yonetimi ana ara¢ olarak belirlenmistir (Cataudella
vd., 2015).

Tiirkiye'de toplam 25.000 hektar yiizolglime sahip
37 lagiin bulunmakta ve bunlardan 26's1 Ege ve
Akdeniz kiyilarinda yer almaktadir. Karaya ¢ikarilan
baglica tiirler kefal, yilan baligi, cipura ve levrek
olup, laglinde basgka tiirler de vardir; ancak bunlar
tamamen ortaya konmus degildir (FAO, 1985).
Gilinimiizde Ege Denizi'nde sadece alt1 aktif
balik¢ilik lagiinii (Enez, Homa, Akkoy, Karina,
Gillik ve Koycegiz) bulunmaktadir. Bunlar
icerisinde mugilidler, anguillidler, sparidler gibi
avlanan baliklar diginda, balik tiir cesitliligi ve
zenginligi tam olarak bilinmemektedir. Akkdy
dalyaninda kuzuluk, pinter, uzatma aglart ve
paragatlarla kefal, g¢ipura, levrek, dil ve yilan
baliklarindan toplam 12 ila 26 ton arasinda (1999-
2007) iiretim gerceklesmistir (Tosunoglu vd., 2017).
Bu ekonomik o6nemli tiirlerin bilinirligi disinda,
lagiinde yapilmis kapsamli bir tiir listesi ve bunun
fiziko-kimyasal osinografik verilerle iliskileri lizerine
bir ¢aligma bulunmamaktadir.

Bu calismada ilk kez Giiney Ege Denizi'ndeki
Akkoy Laglini’nde bazi fiziko-kimyasal
parametrelere ve mevsimlere bagli olarak halihazirda
avlanan ekonomik tiirler diginda, balik c¢esitliligi ve
tiir zenginliginin belirlenmesi ve bunun bazi abiyotik
cevresel parametrelerle iligkilendirilmesi
amagclanmistir.

Materyal ve Yéntem

Bu calisma, Ege Universitesi Bilimsel Arastirma
Projesi (2014/SUF/014) destegi ve Akkdy Lagiini
isletmesinin 6zel izni ile ger¢eklesmistir.

Calisma, Temmuz-Eyliil 2014, Ocak-Mart-May1s-
Temmuz-Eylil-Kasim 2015,  Aralik-Subat-Nisan-
Haziran-Agustos-Ekim 2016 tarihlerinde Akkoy
Lagiini’nde (Aydmn) balik ve birincil deniz
parametreleri (sicaklik, tuzluluk, pH ve doymus
oksijen) orneklemeleriyle yiiriitiilmiistiir.  Balik
ornekleri 10 m uzunlugunda ve 1 m yiiksekliginde
torbasiz tiil 1grip ile 6rneklenmistir. Fiziko-kimyasal
parametrelerden doymus oksijen (DO, mg.l?),
tuzluluk (%0), pH ve sicaklik (°C) degerleri
ornekleme istasyonlarindan YSI Professional plus
multiparametre cihazi ile kayit edilmistir.

Akkoy Lagiinii (Dalyam) (37°30’ N - 27°11' E),
Aydm ilinin Didim ilgesine ait Akkdy koyiinde
bulunmaktadir. Dalyan, Biiyiikk Menderes nehrinin
denize dokiildiigi iki kolunun arasinda yer almaktadir
ve kuzeyden giineye dogru Arapca, Karaca, Bélme ve
Kabahayi1t olmak iizere dort boliimden olugmaktadir.
Akkoy dalyani yaklasik olarak 1200 ha’lik alana
sahiptir. Dalyan derinligi ortalama 1,5 m’dir.
Dalyanda 1grip ile 6rnekleme yapmak iizere 2 adet
istasyon (A1, A2) belirlenmistir (Sekil 1).

Belirlenen iki istasyonda 1grip orneklemeleri iic
tekrarli olacak sekilde yapilmistir. Ornekleme
sonucunda elde edilen tiirler %4’liik formaldehit
¢ozeltisinde sabitlenerek laboratuvara getirilmis ve
tiirler sayilarak kayit edilmistir. Tir tayinleri igin
“Tiirkiye I¢ Su Baliklar1 Tanimlama Kilavuzu” (Balik
ve Ustaoglu, 2001), “Tiirkiye Deniz Baliklar1 Atlasi”
(Mater vd., 2011), “Biology and Ecology of Fry and
Juveniles of Mugilidae” (Koutrakis, 2016)
kaynaklarindan yararlanilmustir.

Bolluk (toplam orneklenen balik sayisi) ve tiir
zenginligi (S) (toplam 6rneklenen balik tiir sayisi) her
istasyon ve her ay i¢in hesaplanmistir. Tiirlerin yasam
evreleri ekolojik olarak Elliott ve Dewailly (1995) ve
Pérez-Ruzafa vd. (2011)’in tanimlamalarina gore
smiflandirilmistir. Buna gore, ekolojik smif kodu Y;
lagiin sistemlerinde yasayan tiirler, Ds; denizde
yasayip belirli sezonlarda lagiinlere gelen tiirler, Ts;
tatll suda yasayip bazen lagiinlere gelen tiirler, Dt;
denizde yasayip tesadiifen lagiine giren tiirler, Tt; tatlt
suda yasayip tesadiifen lagiinlere giren tiirlerdir.

Tiir ¢esitliligi analizi i¢in bolluk, tiir zenginligi
(S), Shannon (H) indeksi ve Dominance (D) indeks
degerleri hesaplanmistir. Sezonlar ve istasyonlar
arasindaki istatistiksel farklihk PERMANOVA
analizi ile hesaplanmuistir.

Shannon indeksi (Shannon, 1948);

N
H= Z pilnpi
i=1

Burada, H: Shannon indeksi, N: tiim tiirlerin
toplam sayisi, n: toplam tiir sayist, pi: n/N
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Dominans indeksi (Simpson, 1949);

N
D= z pi?
i=1

Burada, D: Dominans indeksi, N: tiim tiirlerin
toplam sayist, n: toplam tiir sayist, pi: /N

Dalyanda aylara gore yakalanan tiirlerin her tiir
icin toplam sayilar1 kullanilarak (Bolluk), kiimeleme
analizi (Cluster) ve metrik olmayan cok boyutlu

/
Buyik Menderes

Biiyiik Menderes

Olgeklendirme  analizi  (nMDS),  Bray-Curtis
benzerligine gore gruplandirilmistir. nMDS analizine
gore olusturulan gruplarin istatistiksel olarak
onemlilik (p<0.001) durumu benzerlikler analizi
(ANOSIM) ile hesaplanmigtir. Ayrilan gruplar
icerisinde hangi tiirlerin baskinlik yarattigi, yiizde
benzerlik analizi (SIMPER) ile hesaplanmustir.
Hesaplamada kiimiilatif olarak yiizde orani %75
icerisinde olan tiirler gruplarin ayriminda rol oynayan
tirler olarak degerlendirilmistir (Legendre ve
Legendre, 1998).

KARADENIZ

Sekil 1. Akkoy Dalyani ve 6rnekleme istasyonlar1 (Google Earth 2017)

Tiirlerin  dagilimi ve g¢evresel parametrelerin
iliskisinin incelenmesi kanonik uyum analizi (CCA)
ile yapilmistir (Legendre ve Legendre, 1998).
Dalyandaki ¢evresel veriler ve tir dagilimi hem
sezon hem de istasyonlara gore incelenmistir. One-
way ANOVA ile degerlerin istatistiksel onemi test
edilmistir. Anova analizlerinde fark ¢ikan degerlerin
gozlemlenmesi igin Tukey’s post-hoc analizi
kullanilmigtir (Copenhaver ve Holland, 1988). Temel
Bilesenler Analizi (PCA) ile her dalyanda sezonlara
gore cevresel parametrelerin durumu incelenmistir
(Legendre ve  Legendre, 1998). Cevresel
parametrelerin dl¢im degerlerini kargilagtirabilmek
adma degerler Z degerine gore degistirilmistir.

Z_x—i
S

Burada, x: her bir 6l¢iim degeri, X: toplam dl¢iim
degerinin ortalamasi, S: standart sapmadr.

Istatistiksel analizler, metrik olmayan ¢ok boyutlu
Olgeklendirme analizi (nMDS), Kiime analizi

(Cluster), tiir gesitliligi hesaplamalari, benzerlikler
analizi (ANOSIM), yiizde benzerlik analizi
(SIMPER), Kanonik uyum analizi (CCA), Temel
Bilesenler Analizi (PCA) PAST 4.01 (Hammer vd.,
2001) programu ile yapilmistir.

Bulgular

Akkoy dalyaninda mevsimlere ve istasyonlara
gore ortalama (£SS) sicaklik, tuzluluk, oksijen ve pH
degerleri Sekil 2°de gosterilmistir.

Dalyan su sicakligi 6,3°C (Ocak ay1, istasyon 2)
ile 28,4°C (Agustos ay1, istasyon 2) arasinda degisim
gostermektedir. Ortalama su sicakligt  19,5°C
Olclilmistir. Mevsimsel olarak su sicakliklari
istatistiksel olarak farklilik gosterirken (p<0,05),
istasyonlara gore sicaklik ortalamalari arasinda
istatistiksel olarak farklilik gériilmemistir (p>0,05).

DO miktar1 en disik 3,81 mg/l (Agustos ayi,
istasyon 2) ile en yiiksek 9,18 mg/l (Aralik ayi,
istasyon 2) arasinda degisim gostermektedir.
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Ortalama DO degeri 6,30 mg/I'dir. Istasyonlara
gore DO istatistiksel olarak farklilik gostermezken
(p>0,05), mevsimlere bagli olarak farklilik
gostermektedir  (p<0,05).  Birbirleri  arasinda
istatistiksel olarak fark bulunmayan sezonlar Kis-
Sonbahar ve Yaz-ilkbahar sezonlaridir (p>0,05).

;ﬁ$@$@% E

pH orani en diisiik 6,95 (Ocak ay1, istasyon 2) ile
en yiksek pH 8,64 (Mayis ayi, istasyon 2) arasinda
degisim gostermektedir. Ortalama pH degeri 8,02
Olciilmiistiir. Mevsimsel olarak ve istasyonlara gore
pH degeri istatistiksel olarak farklilik
gostermemektedir (p>0,05).

SRR

Kis  Tlkbahar Yaz Sonbahar il 2 o0 Kis  Tlkbahar Vaz Sonbahar i1 iz
9754 s
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Sekil 2. Akkdy dalyaninda mevsimlere ve istasyonlara gére ortalama (£SS) sicaklik, tuzluluk, oksijen ve pH

degerleri

Tuzluluk orani %021,0 (Subat ay1, istasyon 2) ile
%041,5 (Temmuz ve Eylil aylari, istasyon 1 ve 2)
arasinda degisim gostermektedir. Ortalama tuzluluk
degeri %035,95 olarak dlgiilmiistiir. Istasyonlara gore

tuzluluk  oram1  istatistiksel  olarak  farklilik
gostermemektedir  (p>0,05) Mevsimsel olarak
tuzluluk  oram1  istatistiksel  olarak  farklilik

gostermektedir (p<0,05). Yaz ve Sonbahar arasinda,
Kis ve Ilkbahar arasinda istatistiksel olarak fark
bulunmamaktadir (p>0,05).

Oksijen

Temel bilesenler analizine (PCA) gore ¢alismada
elde edilen sicaklik, tuzluluk, pH ve DO verileri
mevsimsel olarak farklilik gostermektedir. Yaz ve
Sonbahar mevsimleri ile tuzluluk ve sicaklik degeri
pozitif etkilesim gosterirken, pH degeri Ilkbahar
mevsimi ile pozitif etkilesim gdstermektedir. DO ise
Kis ve Sonbahar mevsimleri ile pozitif bir etkilesim
igerisindedir (Sekil 3).

1.5 Tuzluluk

0
i)
Sonbaha,

0.5

-3.00 -2.25 -1.50

Component 2
w
=¥
h

-0.75

-0.5

=104 .
Ilkbahar

-1.5

=20

Component 1

Sekil 3. Akkoy dalyani sezonlara gore gevresel parametrelerin Temel Bilesenler Analizi (PCA)

AkkoOy dalyaninda ¢alisma boyunca 1grip ile 9
familyaya ait 17 tlrden toplam 1878 adet balik
yakalanmistir (Tablo 1). Familyalar igerisinde en ¢ok
yakalanan tiir sayis1 Mugilidae familyasinin 5 tiirii

olmustur. Yakalanan tiirler yasam alanlarina gore,
lagiin sistemlerinde yasayan yerlesik tiirlerden (Y) 6
adet, denizlerde yasayip belli sezonlarda lagiinlere
giris yapan tirlerden (Ds) 8 adet ve denizlerde
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yasaylp tesadiifi olarak lagiinlere giris yapan
tirlerden (Dt) 3 adet olarak kaydedilmistir. Genel
dagilima bakildiginda yerlesik tiirlerin (Y) 959 adet
ve toplam tlir sayisinin %51,1 ile baskin oldugu
goriilmektedir. Ds tiirleri 714 adet ve toplam tiir
sayisiin %38,0’ini ve Dt tiirleri 205 adet ve toplam
tiir say1sinin %10,9’unu olusturmaktadir.

En baskin tiirler 346 adet ve toplam tiir sayisinin
%18,4’tinli olusturan A. boyeri ve devaminda 282
adet ve toplam tiir sayisinin %15,0’ini olusturan A.
fasciatus, 176 adet ve toplam tiir sayisinin %9,4’tinii
olusturan Pomatoschistus spp., 160 adet ve toplam
tiir say1sinin %8,5’ini olusturan C. saliens tiiriidiir.

Bu dort tiir yakalanan miktarin yaklasik %50’sini
olusturmaktadir (Sekil 4).

Dalyanda tiir zenginligi (S) ortalama 13,00 ile en
yiiksek yazin, en diisik 6,33 ile kisin, Y i¢in en
yiliksek ortalama (5,67) yazin, en diisiik ortalama
(3,83) kisin, Ds i¢in en yiiksek ortalama (4,33) yazin,
en diisiik ortalama (2,33) sonbahar; Dt i¢in en yiiksek
ortalama (3,00) yazin, en diisiik ortalama (0,00) kisin

olarak hesaplanmistir. Genel i¢in bolluk en yiiksek
ortalama (118,8) yazm, en disiik ortalama (49,67)
kisin; Y igin en yiiksek ortalama (52,17) yazin, en
diisik ortalama (20,67) kisin; Ds i¢in en yiiksek
ortalama (39,00) yazin, en diisiik ortalama (18,83)
Sonbaharda; Dt igin en yiiksek ortalama (27,67)
yazin, en disiik ortalama (0,00) kisin olarak
hesaplanmistir. Genel i¢cin Dominance (D) en diigiik
ortalama (0,10) yazin, en yiiksek ortalama (0,20)
kism; Y icin en yiiksek ortalama (0,35) kisin, en
diisiik ortalama (0,26) yazin; Ds icin en yiiksek
ortalama (0,55) sonbahar, en diisiik ortalama (0,26)
yazin; Dt i¢in en yiiksek ortalama (1,00) kisin, en
diisiik ortalama (0,40) yazin olarak hesaplanmistir.
Genel i¢in Shannon (H) indeksi en yiiksek ortalama
(2,40) yazin, en diigiikk ortalama (1,71) kisin; Y igin
en yiiksek ortalama (1,50) yazin, en diisiik ortalama
(1,18) ilkbaharda; Ds igin en yiiksek ortalama (1,38)
yazin, en diisiik ortalama (0,69) sonbahar; Dt i¢gin en
ylksek ortalama (0,99) yazin, en diisiik ortalama
(0,00) kisin hesaplanmustir (Sekil 5).

Tablo 1. Akkdy dalyan: yakalanan toplam tiir sayisi, tiir kodlar1 ve yagsam alani kodlar1

Familya Tiir Tiir kodu Yasam alan N
Atherinidae Atherina boyeri (Risso, 1810) Ath Y 346
Blenniidae Blennius spp. Ble Y 78
Clupeidae Sardina pilchardus (Walbaum, 1792) Sar Ds 48
Aphanius fasciatus (Valenciennes, 1821) Aph Y 282
Cyprinodontidae Pomatoschistus spp. Pom Y 176
Zosterisessor ophiocephalus (Pallas, 1814) Zos Y 52
Chelon labrosus (Risso, 1827) Cla Ds 104
Chelon auratus (Risso, 1810) Cau Ds 133
Mugilidae Chelon ramada (Risso, 1826) Cra Ds 67
Chelon saliens (Risso, 1810) Csa Ds 160
Mugil cephalus (Linnaeus, 1758) Mug Ds 36
Mullidae Mullus spp. Mul Dt 103
Soleidae Solea solea (Linnaeus, 1758) Sol Ds 101
Lithognathus mormyrus (Linnaeus, 1758) Lit Dt 57
Sparidae Boops boops (Linnaeus, 1758) Boo Dt 45
Sparus aurata (Linnaeus, 1758) Spa Ds 65
Syngnathidae Syngnathus spp. Syn Y 25
Toplam 1878

Tir  zenginligi ve  cesitlilik  indeksleri
incelendiginde PERMANOVA analizi ile istatistiksel
olarak, genel tiirler i¢in tiir zenginligi indeksi (S)
sezonlar i¢in 6nemli bulunmustur (p<0,001). Kis ve
Sonbahar arasinda ve Ilkbahar ve Sonbahar arasinda
fark goriilmemistir. Dominance (D) indeksi Genel
tirler i¢in sezonlar i¢in Onemli bulunmustur
(p<0,001) Yaz sezonu diger sezonlarla farklilik

gostermektedir (p<0,05). Shannon (H) indeksine gore
sadece  sezonlar arasinda istatistiksel  fark
bulunmustur (p<0,001). Yaz sezonu diger sezonlarla
farklilhik gostermektedir (p<0,05). Bolluga gore
sadece  sezonlar arasinda  istatistiksel  fark
bulunmustur (p<0,001). Kis ve Sonbahar arasinda ve
[lkbahar ve Sonbahar arasinda fark goriilmemistir
(p>0,05). Y tiirleri igin tiir zenginligi indeksi (S)
sezonlar i¢in dnemli bulunmustur (p<0,001).
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Sekil 4. Akkoy dalyaninda yakalanan tiirlerin bolluk orani

Tur zenginligi (S)
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Sekil 5. Akkdy dalyani sezonlara gore Genel, Y ve Ds tiirleri i¢in tiir gesitliligi analizleri [Tiir zenginligi (S),
Bolluk, Dominance (D), Shannon (H) indeksi]

Yaz sezonu diger sezonlarla farklilik gosterirken
(p<0,05), ilkbahar ve Kis sezonlari, Ilkbahar ve
Sonbahar sezonlar1 arasinda fark goriilmemistir

(p>0,05). Bolluga goére sadece sezonlar arasinda
istatistiksel fark bulunmustur (p<0,01). Sonbahar ve
Yaz sezonlart arasinda, Sonbahar ve Ilkbahar
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sezonlar1 arasinda istatistiksel fark bulunmamigtir
(p>0,05). Ds tiirleri i¢in tiir zenginligi indeksi (S)
sezonlar i¢in 6nemli bulunmustur (p<0,001). Yaz
sezonu Ilkbahar hari¢ diger sezonlarla tiir zenginligi
(S) olarak farklilik gostermektedir (p<0,01). Bolluga
gore sezonlar ve istasyonlar arasinda istatistiksel fark
bulunmamuistir (p>0,05). Dt tiirleri i¢in tiir zenginligi
indeksi (S) sezonlar igin Onemli bulunmustur

(p<0,001). Yaz ve Ilkbahar arasinda tiir zenginligi (S)
olarak farklilik goriilmektedir (p<0,01). Bolluga gore
sadece  sezonlar arasinda  istatistiksel  fark
bulunmustur (p<0,01). Yaz sezonu diger tiim
sezonlardan istatistiksel olarak farkli bulunmustur
(p<0,01). Yapilan analiz sonucunda sezonlar ve
istasyonlar  kesisiminde istatistiksel  bir  fark
goriilmemistir (p>0,05) (Tablo 2).

Tablo 2. Akkdy dalyani Genel, Y tiirleri ve Ds tiirleri i¢in Tiir zenginligi (S), Dominance (D), Shannon (H) ve
Bolluk indekslerinin, sezonlar, istasyonlar ve kesisimleri icin PERMANOVA analizi

Kaynak Sezon  listasyon  Sezon x istasyon
df 3 1 3

Ortalama kare 0,131 0,0004 0,002
Tiir zenginligi (S) F 15,143 0,044 0,201
p p<0,001 p>0,05 p>0,05
Ortalama kare 0,122 0,000 0,001
Dominance (D) F 17,764 0,002 0,158
[ p p<0,001 p>0,05 p>0,05
3 Ortalama kare 0,033 0,000 0,000
Shannon (H) F 15,323 0,018 0,057
p p<0,001 p>0,05 p>0,05
Ortalama kare 0,178 0,006 0,003
Bolluk F 9,785 0,338 0,183
D p<0,001 p>0,05 p>0,05
Ortalama kare 0,042 0,000 0,002
-z Tir zenginligi (S) F 13,521 0,041 0,577
= p p<0,001 p>0,05 p>0,05
= Ortalama kare 0,108 0,018 0,009
e Bolluk F 7,039 1,162 0,614
p p<0,01 p>0,05 p>0,05
Ortalama kare 0,118 0,000 0,004
5 Tir zenginligi (S) F 8,979 0,000 0,337
E p p<0,001 p>0,05 p>0,05
= Ortalama kare 0,155 0,010 0,013
= Bolluk F 2,805 0,182 0,229
P p>0,05 p>0,05 p>0,05
Ortalama kare 0,218 0,009 0,009
g Tur zenginligi (S) F 23,490 1,000 1,000
E P p<0,001 p>0,05 p>0,05
= Ortalama kare 0,587 0,025 0,023
= Bolluk F 8,548 0,358 0,332
P p<0,001 p>0,05 p>0,05

Aylara gére hesaplanan nMDS ve Cluster analizi
ile balik bollugu Bray-curtis benzerlik indeksi ile
degerlendirilmistir.  Balik  bollugunun  Cluster
analizinde 0,60 degerinden ayrilarak birbirine en
yakin aylar belirlenmistir (Sekil 6). nMDS analizi
incelendiginde grafik iizerinde birbirine yakin olan
Kis aylar1 ve Kasim ay1 A grubu, yaz aylan ve Eyliil,
Ekim aylar1 B grubu, Ilkbahar aylar1 C grubu olarak
belirlenmistir (Sekil 7). ANOSIM benzerlik analizine
gore olusturulan gruplar birbirinden istatistiksel
olarak farklillk g6stermektedir (R=0,88, p<0,001).
SIMPER  analizine gdre gruplar igerisinde

benzesmezlik orani kiimiilatif %75’e kadar olan ve
grup ayrimina sebep olan tirler, C. auratus, A.
boyeri, C. saliens, Mullus spp., C. ramada, C.
labrosus, S. aurata, S. solea, Z. ophiocephalus,

tirleridir (Tablo 3). Kanonik Uyum Analizi
incelendiginde balik tiir cesitliliginin  gevresel
parametrelerden giiglii  bir sekilde etkilendigi

goriilmektedir. C. ramada, M. cephalus ve C. saliens
tiirlerinin oksijen ile pozitif korelasyon gosteren Kis
ve Sonbahar sezonlarinda daha baskin oldugu
goriilmektedir. C. auratus ve S. aurata tiirleri
Ilkbahar sezonunda baskin, sicaklik, tuzluluk ve pH
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ile pozitif korelasyon gosteren yaz sezonunda S. spp. ve Pomatoschistus spp. tiirlerinin merkeze yakin
solea, C. labrosus, L. mormyrus, S. pilchardus, B. olmasi bu tiirlerin tiim sezonlarla uyum igerisinde

boops, Z.ophiocephalus, Mullus spp. ve Syngnathus oldugunu gostermektedir (Sekil 8).
spp. tiirleri daha baskindir. A. boyeri, A. fasciatus, B.

Arahlk  Ocak Subat Kasim Haziran Temmuz Agustos Eyliill Ekim Nisan Mayis  Mart
0.975
0.900

0.8251

0.7501

0.6751

Benzerlik

0.600

Sekil 6. Balik bollugunun aylara gére Cluster analizi

Stress:0.09

«  +ABustos ‘Eyliil
Temmuz £ 0.15

0.104

*Haziran 0.05

0.3

Coordinate 2

Sekil 7. Akkoy dalyani balik bollugunun aylara gére nMDS analizi
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Tablo 3. Akkdy Dalyani balik bolluguna gore aylar i¢erisinden olusturulan gruplarin SIMPER analizi

Tiirler Ortalama farkhihk % Katki % Kiimiilatif Katki A B C
Chelon auratus 6,86 12,62 12,62 0 6 343
Atherina boyeri 5,737 10,56 23,18 153 38,2 31,3
Chelon saliens 4,647 8,55 31,73 153 198 O
Mullus spp. 4,517 8,311 40,04 0 206 O
Chelon ramada 3,987 7,337 47,38 168 0 0
Chelon labrosus 3,909 7,193 54,57 0 132 127
Sparus aurata 3,724 6,852 61,42 3,5 0 17
Solea solea 3,617 6,656 68,08 0 138 107
Zosterisessor ophiocephalus 2,516 4,629 72,71 0 104 O
2.04
*ilkbahar 151
*Spa
*Cau 101
'K_l'
*Cra ;
0.5
-~ Cla Ath l’pm *Ble ()ksijen Mug
2 IL/-M&—’T"" A Aph 0.5 1o fic 20 25 30
pH *Lit*
f0.54 *Csa
S,\.:ﬁ Sar /"
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Axis 1

Sekil 8. Akkoy Dalyani sezonlara gore ¢evresel veriler ve tilirlerin Kanonik Uyum Analizi (CCA)

Tartisma ve Sonug¢

Bu c¢aligma, AkkOy Lagiini’nde (Giliney Ege
Denizi) aylik ve sezonluk olarak bazi fiziko-kimyasal
parametrelerle (Sicaklik, DO, pH ve tuzluluk) iligkili
balik tiirlerinin zenginligini ve c¢esitliligini ortaya
koymaktadir. Dalyanlar o6zel isletmeler veya su
iriinleri kooperatifleri tarafindan belli siireler igin
devletten kiralanirlar. Dalyanlarda aveilik, bdlgelere
gore degisen donemlerde, deniz baglantisinin ¢itler
ile kapatilip kuzuluklar aracilifiyla veya diger
donemlerde  belirli av  araglart  vasitasiyla
yapilmaktadir. Lagilinlerin ve dalyan kuzuluklarinin
¢it araliklar1 dik konumda 3 cm’den az olamaz
(Anonim, 2021). Cit araliklarmin 3 cm’den az
olmamasindan kaynakli calismada kullanilan tiil 13r1p
ile orneklenen baliklar ticari jlivenil tiirlerini ve
kiiciik balik  tiirlerini  kapsamaktadir. Dalyan

agizlarinin gitlerle kapali oldugu donemlerde, hedef
tiirlerin dalyan igerisine girig-¢ikis yapmalarina engel
bir durum bulunmamaktadir. Bu sayede calisma
sonuglart mevsimsel olarak degerlendirilmistir. Bu
baliklar, kii¢iik bir til 1grip agiyla yakalanmiglardir.
Bu nedenle lagiindeki balik gesitliligi 9 familyaya ait
17 tiirle sinirhi goriinmektedir. Bunlardan 6 tiir (A.
boyeri, Blennius sp., A. fasciatus, Pomatoschistus sp.,
Z. ophiocephalus, Syngnathus sp.) yerlesik (Y), 8 tiir
(S. pilchardus, C. ramada, C. labrosus, C. saliens, C.
auratus, M. cephalus, S. Solea, S. aurata) deniz balig
olup sezonal olarak lagiline girenler (Ds) ve 3 tiir
(Mullus sp., L. mormyrus, B. boops) lagiine tesadiifen
giren (Dt) deniz balig: tiirleridir. Bunlarin arasinda,
diger Akdeniz lagiinlerinde oldugu gibi, Akkoy
lagiiniinde en bol olan tiir A. boyeri'dir (Manzo vd.,
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2016; Bouchereau vd., 2000; Pihl vd., 2002; Poizat
vd., 2004; Koutrakis vd., 2005; Franco vd., 2006;
Maci ve Basset, 2009). Onu A. fasciatus ve
Pomatoschistus sp. lagiin yerel tiirleri izlemektedir.

Dalyanda en yiiksek tiir zenginligi genel tiirler
acisindan yazin, en diisiik ise kisin tespit edilmistir.
Bu sular1 ¢abuk soguyan ve 1sinan si1g lagiin sahalari
icin dogal bir durumdur.

En yiiksek balik ¢esitliligi Yaz ve Sonbahar
mevsimlerinde kaydedilmistir. nMDS analizine gore
yaz grubuna Eyliil, Ekim aylar1 da gruplasarak biiyiik
bir B grubu yaratmistir ve Yaz sezonu tir
zenginliginde diger sezonlarla istatistiki farklilik
gostermistir (p<0,05).

Bilindigi iizere, lagiiniin su sicakligmin artmaya
basladig1 Ilkbahar (analizde Mayis ay1 itibariyle, bkz.
Sekil 7) ve Yaz mevsimlerinde, lagiine beslenme ve
barinma amactyla gelen tiirlerin sayisi, tiir
cesitliligini artirmaktadir. Ancak bu c¢aligmada
Sonbahar mevsimindeki yiiksek balik cesitliligi
kiiresel 1sinmanin etkisi ile agiklanabilir. Yani
giinimiizde lagiin sulart artik neredeyse sonbaharin
sonlarina dogru sogumaktadir.

Ortalama tir zenginligi (S) degeri Akkody
lagiiniinde en az 6,33 ile kisin, 13,00 ile yazin
hesaplanmistir. Oysa Pérez-Ruzafa vd. (2007)
Akdeniz lagiinlerinde tiir zenginligi (S) araligini 6-48
ve ortalama 23,4 olarak belirtmistir. Bu nedenle,
Akkoy lagiiniindeki ortalama S degeri, Akdeniz
lagiinlerinin bildirilen en diigiikk degerler arasinda
goriinmektedir. Bir lagiinde gozlenen balik tiirlerinin
degisimi; yiizey alani, derinlik, deniz baglantis1 gibi
lagiin morfolojisinin ~ dzelliklerine ve sicaklik,
tuzluluk, DO gibi birincil deniz hidrolojik kosullarina
ve Ornekleme araglarma baghdir (Akin vd., 2005;
Franco vd., 2008; Maci ve Basset, 2009). Ornegin
Kara vd. (2017), Gediz deltasindaki 48 tiirii kiy1
siirlitme, pinter, uzatma ag1 ve olta kullanarak
orneklemiglerdir. Tek bir av aracinin kullanildigi bu
arastirmada tiir cesitliliginin siirlanmasi
kacginilmazdir.

Bu c¢alismada Akkoy Lagiinii’nde ortalama ve
(min-maks) sicaklik, tuzluluk, pH ve DO sirasiyla
19,5°C (6,3-28,4), %035,95 (21-41,5), 8,02 (6,95-
8,64) ve 6,3 mg.I* (3,81-9,18) olarak belirlenmistir.
Altinsagh  vd. (2018), Enez lagiiniindeki farkli
istasyonlardan fiziko-kimyasal parametreleri yiizey
sicakligt i¢in 17,8°C (8,9-27), tuzluluk i¢in %016,70
(0,2-41,2), pH ig¢in 7,76 (6,44-9,21) ve DO igin 7,65
mg.It  (5,73-11,8) olarak bildirmistir. Bu iki
calismada fiziko-kimyasal parametrelerde farkliliklar
vardir. Zira Enez Lagiini Akkoy’e gore oldukca
kuzeyde olup, daha yagishh bir bolgede olmasi
nedeniyle sicakligi, pH’1 ve tuzlulugu daha diisik,
ancak DO ortalamasi daha yiiksek bulunmustur.
Yagis ve buharlasmadaki mevsimsel degisikliklerden
ve belirgin mevsimsel sicaklik dalgalanmalarmdan

kaynaklanan tuzluluk dalgalanmalari, tath su
tagkinlart ve yaz kurakligi gibi morfo-dinamiklere ve
iklim faktorlerine bagli dogal degisikliklerden
kaynaklanmaktadir (Cataduella vd., 2015). Nitekim
bu calismada sicaklik (19,5°C) ve tuzluluk (%035,95)

ortalama degerleri Altinsacli vd. (2018)’nin
caligmasindaki sicaklik ortalamasindan 1,7°C ve
tuzluluk ortalamasindan %019,25 yiiksek
bulunmustur.

Bu caligmada, ortalama pH 8,02 (min. 6,95 -
maks. 8,64) ile lagiin alkali su ortamindadir ve 6trofik
rezervuarlarda yiiksek alkali pH olusabilmektedir
(Svobodova vd., 1993). Ayrica, lagiin baliklar
acisindan optimum pH araligindan minimum ve
maksimum olarak biraz fazlasina sahiptir (optimum
7-8.5; bkz. Bhatnagar ve Devi, 2013). Ancak bu
fazlalik solungag¢ iritasyonuna yol acgabilecek ve
oliimciil olabilecek deger olan 8,8’e¢ (bkz. Dastagir
vd., 2014) ulagmamaktadir.

Akkdy Lagiinii’'nde mevsimlere gore fiziko-
kimyasal verilerden DO'nun kisin, sicaklik, pH ve
tuzlulugun ise dogal olarak yazin arttigim
gostermistir.  Kanonik Uyum  Analizi (CCA)
incelendiginde, balik tir ¢esitliliginin ¢evresel
parametrelerden giiglii  bir sekilde etkilendigi
goriilmektedir. C. ramada, M. cephalus ve C. saliens
tiirlerinin oksijen ile pozitif korelasyon gdsteren Kis
ve Sonbahar sezonlarinda daha baskin oldugu
goriilmektedir. C. auratus ve S. aurata tiirleri
[lkbahar sezonunda baskinken, sicaklik, tuzluluk ve
pH ile pozitif korelasyon gdsteren yaz sezonunda ise
S. solea, C. labrosus, L. mormyrus, S. pilchardus, B.
boops, Z. ophiocephalus, Mullus spp. ve Syngnathus
spp. tiirleri daha baskindir. A. boyeri, A. fasciatus,
Blennius spp. ve Pomatoschistus spp. tirlerinin
merkeze yakin olmast bu tiirlerin tim sezonlarla
uyum igerisinde oldugunu géstermektedir.

Sonug¢ olarak, Akkdy Lagiinii’nde tiil 1gripla
yakalanan baliklar, Ege Denizi’nin tipik kiysal
baliklaridir. Esasen bu c¢alisma, kiigiik boyutlu
baliklar olarak lagiinlerde hesaba katilmayan tiir
cesitliligini ve bunlarin bazi hidrolojik ve mevsimsel
kosullarla uyumunu ortaya koymaktadir.
Ekosistemde her bir tiiriin ekolojik bir nisi oldugu
gergeginden hareketle, lagiin balik¢ilik yonetimi
planlarinda bu bilgi, -varsa- yetistiriciligin ve lagiin
balik¢iliginin stirdiiriilebilirligini saglamada
balik¢ilik idarecilerine katki saglayabilir.
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Abstract: The population of ecologically important Pinna nobilis (Linneaus, 1758), the largest bivalve species
of the Mediterranean, has been under serious threat since 2016 as a result of both anthropogenic effects and the
epidemic caused by Haplosporidium pinnae. In addition, in recent years P. nobilis mortalities caused by Vibrio
sp. infections in the North Aegean Sea have been reported. In this study, the effects of the mass mortalities of P.
nobilis observed in the Mediterranean were investigated in the populations in the Dardanelles. For this purpose,
P. nobilis populations in 30 different stations were observed and counted along transects between June 2020 and
September 2021. Underwater observations were carried out either by scuba diving or free diving depending on
the underwater characteristics of the region. Observations based on a total of 2183 minutes of bottom time
indicated that mortality rate of pen shells increased to 94.67% in 2021 as compared to 81.15% in 2021. In
addition, in a period 1 year, the number of stations with 100% mortality increased from 11 to 14 and the number
of stations with no presence of pen shells increased from 3 to 5. The decrease in the total number of live pen
shells from 1108 to 207 and the consequent reduction of pen shell density (individual/100 m?) from 13.15 to 9.2
in a period of one year indicate the imminent threat of extinction for P. nobilis in this region. In addition to
monitoring studies, aquaculture of pen shells and their transplantation to affected areas should be carried out to
mitigate the effects of mass mortalities observed in this region.

Key words: Pinna nobilis, Canakkale Strait, Mass Mortality, Line Transect

Canakkale Bogazi’'nda Pinna nobilis (Linnaeus, 1758) Popiilasyonunda
Oliim Oranlarimin Tespiti

Ozet: Ekolojik anlamda dnemli olan Akdeniz’in en biiyiik ¢ift kabuklu tiirii Pinna nobilis (Linneaus, 1758)‘in
nesli, antropojenik etkilerin yaninda 2016 yilindan bu yana Haplosprodium pinnae isimli parazitin salgin
etkisiyle ciddi tehdit altindadir. Ayrica, son yillarda Kuzey Ege Denizi’nde Pinna nobilis popiilasyonlarinin
oliimlerine Haplosprodium pinnae’ nin yaninda ¢oklu enfekte olarak Vibrio sp. gibi tiirlerin de neden oldugu
bildirilmektedir. Bu ¢alismada, Pinna nobilis’ in 2016 yilindan bu yana Bati Akdeniz’den Dogu Akdeniz
kiyilarina hizla yayilmis olan kitlesel 6liimlerinin Canakkale Bogazi’ ndaki Pinna nobilis yataklarindaki etkisini
belirlemek amaglanmistir. Haziran 2020 ve Eyliil 2021 aylar: arasinda belirlenen 30 6rnekleme istasyonunda su
alt1 gorsel sayim metodu (hat-¢izgi sayimi) ile ikiser kez dalarak, pinalarin sayimi yapilmistir. Su alt1 gozlemleri
i¢in bolgenin su alt1 karakteristigine gore tiiplii dalis veya serbest dalis yontemleri gerceklestirilmistir. Toplam
2183 dakikalik su alt1 dip gozlem verilerine gore pinalarmn 6liim orani 2020-2021 arasinda % 81,15° den %
94,67 ye yiikselmistir. Yaklasik bir y1l sonra pinalarin 6liim oraninin %100 oldugu istasyonlarin sayis: 11° den
14’ e yiikselirken, hi¢ pina gériilmeyen istasyonlarin sayisi 3’ ten 5° e yiikselmistir. Ornekleme istasyonlarindaki
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canli pina sayisinin bir sene igerisinde 1108’ den 207’ ye ve toplam yogunlugun (birey/100m?) 13,15’ ten 9,2° ye
gerilemesi, Pinna nobilis neslinin tilkenme tehlikesinin devam ettigini gostermistir. Pinna nobilis neslinin
tikenme tehlikesinden kurtulabilmesi icin biyolojik calismalarin yaninda yetistiricilik ve transplantasyon

calismalar1 yayginlastirilabilir.

Anahtar kelimeler: Pinna nobilis, Canakkale Bogazi, Kitlesel Oliim, Hat-Cizgi Sayimi

Giris

Pinna nobilis, Akdeniz’e 6zgii bir ¢ift kabuklu
canlidir  (Kurtay, 2014). Kronolojik diizende
incelendiginde ilk olarak 25 yiizyil Once
Aristoteles’in taksonomi ¢alismasinda yer almistir
(Voultsiadou ve Vafidis, 2007). P. nobilis, ¢ift
kabuklulardan (Kurtay, 2014) yelpaze midyesi, kalem
kabuklu olarak da adlandirilmaktadir. Boyu 120
cm’ye kadar erigebilen bentik ortamda bisus iplikleri
yardimiyla sesil olarak yasayan bir canlidir (Zotou
vd., 2020). Akdeniz’in en biyiik ¢ift kabuklu tiirii P.
nobilis’in 45 seneye kadar uzayabilen Omiirlerinin
oldugu  belirtilmistir ~ (Rouanet vd., 2015;
Katsanevakis, 2006; Theodorou vd., 2017; Ondes vd.,
2020a). Popiilasyonlarinin yasadigi derinlik araligi
0.5-80 m (Ondes vd., 2020b) olarak bildirilmis olsa
da sig sularda (0-10m) yogun kiimelenmis olarak
goriildigii belirtilmistir (Vazquez-Luis vd., 2017).

P. nobilis, suyu filtreler, partikiil maddeyi giderir
ve su seffafligimn artirir (Trigos vd., 2015). Tunus’un
Elbibane lagiinii kiyilarinda bos kabuklu P. nobilis
bireyleri iizerinde yapilmig bir ¢alismada, pinalarin
bos kabuklarinin yumusak habitatlarda yerel
biyogesitliligi arttirdig1 ortaya konulmugtur (Rabaoui
vd., 2015). Tiirkiye kiyilarinda yapilan bir ¢calismada,
P. nobilis kabuklarina tutunarak yasamini siirdiiren
25 makrobentik tlir gozlemlenmistir (Acarli vd.,
2010). Deniz ekosistemlerinin  giivenligi igin,
savunmasiz tirlerin biyoaktif potansiyelinin 6nemi
vurgulanmis ve deniz rezervlerinde korunmalari
Onerilmistir (Carreno vd., 2021).

Katsanevakis (2006), Yunanistan’ da yapmis
oldugu bir calismada P. nobilis icin 29 °C’de
biiylimenin durdugunu bildirirken, Garcia-March vd.
(2011)’de ispanya adalarinda yapmis olduklart
calismalarda 15 ve 16 °C altinda biiyiimenin
durdugunu bildirmiglerdir.

Barcelona Anlagsmas1 EK II (James vd., 2010) ve
Avrupa Konseyi 92/43/EEC direktifleri (Faulks,
2007) ile yasal olarak koruma altina alinmig olan bu
¢ift kabuklu tiirlin, antropojenik faaliyetler sonucunda
da (Katsanevakis, 2007 Vazquez-Luis vd., 2017)
uzun yillardir somiiriiye agik ve neslinin tehdit
altinda oldugu bildirilmistir. P. nobilis iilkemizde de
1998 yilindan bu yana kanunlarla koruma altina
almmustir (Acarli vd., 2018).

Ozellikle 2016 y1lindan beri ciddi kitlesel 8liimler
goriilen P. nobilis popiilasyonunun, Haplosporidium
pinnae paraziti gibi pandemik bir hastaligin
bulagmasindan kaynakli olarak %100 6liimlere maruz

kaldig1 bolgeler oldugu bildirilmistir. Vazquez-Luis
vd. (2017), Ispanya’nin Balear adalariyla Iber
Yarimadasi’nin  belirli  noktalarinda  yiizlerce
kilometrelik alanda yapmis olduklar1 su altt gdrsel
sayimlarina gore Pinna nobilis popiilasyonlarinda
%100’e yakin Olim oranlar1 saptamislardir. Acarli
vd. (2020), Ege Denizi’'nde 3 istasyonda yapmis
oldugu calismada tim istasyonlarda canlili§in
olmadigim1 ve Ege Denizi'nde P. nobilis'in kitlesel
olimleri hakkinda yorum yapabilmek icin sicaklik,
tuzluluk, akinti, ¢ézlinmils oksijen, pH vb. cevresel
parametrelere dikkat edilmesi gerektigini
belirtmislerdir. Acarli vd. (2021), yapmis olduklar
calismada Canakkale Bogazi’'nda 9 o6rnekleme
istasyonunda su alti goérsel sayim yoOntemiyle 494
birey gozlemlemisler ve %100 O6liimiin bulundugu
istasyonlart bildirmiglerdir. Diinya Doga ve Dogal
Kaynaklar1 Koruma Birligi’'nde (IUCN) P. nobilis’in
kirmizi listede neslinin devaminin kritik tehlikede
oldugu belirlenmistir (Kersting vd., 2020).

Haplosporidium nelsoni ve Bonamia spp. gibi
diger haplosporidan tiirleri, kiiresel anlamda ¢ift
kabuklu toplu oliimlerine neden olmustur (Arzul ve
Carnegie, 2015). Salgin durumu géz Oniine alinirsa,
parazitlerin  ortadan  kaldirilmast  pek  olasi
goriinmemektedir. Ciinkii daha 6nceki bu tarz tarihsel
girisimler basarisiz olmustur (Grizel vd., 1986; van
Banning, 1991). Bununla beraber, parazit salgiminin
ne kadar yayildigini anlayabilmek i¢in komsu enfekte
olmamis popiilasyonlarin periyodik olarak izlenmesi
gereklidir. Enfekte olan pinalarin, uyaranlara karst
kapakciklarini  kapatmada  reaksiyon  eksikligi
gosterdigi ve bu sayede belirgin bir sekilde ayirt
edilebildikleri  belirtilmistir  (Véazquez-Luis vd.,
2017). Aym zamanda Canakkale Bogazi’ndaki
ornekler tizerinde yapilan analiz sonuglarina gore
enfekte fakat canli P. nobilis bireylerinin saha
caligmalarinda addiiktor kaslarin1 yavas kapatma
davranistyla paralellik gdsterdigi belirtilmistir (Kiinili
vd., 2021).

P. nobilis, Karadeniz hari¢, Tiirkiye denizlerinde
yaygin olarak goriilir (Cmar vd., 2021a). 2019
yilinda  Marmara  Denizi’nde P. nobilis
popiilasyonlart iizerinde yapilmis bir ¢alismada % 10
gibi diisiik bir 6lim oranmi tespit edilmisken, Ege
Denizi’nde % 97 gibi yiiksek bir O6lim orani
gbzlemlenmistir (Ondes vd., 2020a). Marmara
Denizi’nde 2021 yilinda yapilan bagka bir ¢alismada
ise; P. nobilis bireylerinde 6liim oraninin %88 oldugu
ve son kale olarak diisliniilen Marmara Denizi’nde
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miisilaj olaymm pina popilasyonlarint olumsuz
etkilemis olabilecegi bildirilmistir (Cinar vd., 2021b).
Ayni ¢aligmada bir istasyondan alinan verilere gore
P. nobilis 6lii kabuklarinin 34 taksonomik grup igin
habitat gorevi gordiigii gézlemlenmistir.

Canakkale Bogazi’nda, Ozalp ve Kersting (2020),
iki Ornekleme istasyonunda yapmis olduklar
calismada 2014 yilinda yiiksek yogunlukta canli P.
nobilis bireylerini kayit altina almigken, 2020 yilinda
ayni istasyonlarda P. nobilis bireylerinin yikici bir
sekilde kitlesel Oliimlere maruz kaldiklarini
bildirmiglerdir.

Kiinili vd. (2021) yapmis olduklar1 ¢aligmada P.
nobilis popiilasyonlarmin 6liim nedenlerinin  H.
pinnae’nin yaninda ¢oklu enfekte olarak Vibrio sp.
gibi tlirlerden de kaynakli oldugunu ortaya
koymuslardir. Bu ¢alisma, Turkiye’de P. nobilis’in
toplu Olimlerinin nedeni {izerine yapilan ilk
histopatolojik ¢alismadir.

Tiirkiye nin Giliney Marmara kiyilarinda 2019 ve
2020 yillarinda yapilmig olan c¢alismalarda az sayida
olii P. nobilis bireyine rastlanmistir ve kitlesel
Olimlerin Marmara Denizi’ne ulasmadigi yorumu
yapimistir (Ondes vd., 2020b; Cinar vd., 2021a).
Ancak, 2021 yilinda yapilan gozlemler ile Marmara
Denizi’'nde de toplu o6liimler rapor edilmistir (Cinar
vd., 2021b).

Bu c¢alismada, ekolojik anlamda Onemli bir
filtrasyon gorevini {iistlenen Akdeniz’in (bivalvia)
smifina ait P. nobilis’in 2016’dan bu yana Bati
Akdeniz’den Dogu Akdeniz kiyilarina hizla yayilmig
olan kitlesel olimlerinin Canakkale Bogazi’ndaki P.

nobilis yataklarindaki etkisini belirlemek
amaglanmigtir. Caligma alani1 olarak bu bdlgenin
tercth edilme nedenleri arasinda; Akdeniz’de

baslayan %100’e yakin kitlesel oliimlerin Ege’ye
zamanla sicramasi, buradan da Canakkale Bogazi’nin
giney kismina ulasti@inin  bilinmesi,  balik
gegislerinde dar noktalarin  bulunmasi, siddetli
akmtilarin ve dalgalarin bulunmasi, balik ve su
iriinleri géglerinin yogunlukla yasanmasi, akintilarla
birlikte suda askida siiriiklenen ¢ift kabuklular
tarafindan filtre edilmeye uygun planktonlarin
bollugu ve Canakkale K&priisii ayaklarindan giivenli
bolgelere transplantasyonu ger¢eklestirilen P. nobilis
bireylerinin varligidir.

Materyal ve Yontem

Bu c¢alisma, Tarim ve Orman Bakanligi,
Balikgilik ve Su Uriinleri Genel Miidiirliigii'nden
yasal izin (Tarih: 30.04.2020, Sayi: E.1257197)
almarak gerceklestirilmistir.

Calisma 2 etapta yiiritilmistir. Ik etapta
Canakkale Bogazi sinirlar1 kapsaminda 30 drnekleme
istasyonu (0-15 m derinlik araliginda) belirlenmistir.
Bu istasyonlara 2020 yili Haziran—Ekim aylan
arasinda dahslar gerceklestirilmistir. Ikinci etapta,

2021 yili Temmuz-Eyliil aylar1 arasinda, belirlenen
30 istasyona yeniden dalis yapilarak ayni metotla
pinalarin sayimi ve izleme calismasi
gergeklestirilmigtir. Boylece belirlenen 30 6rnekleme
istasyonuna 2020 yili Haziran ve 2021 yili Eyliil
aylart arasinda ikiser defa dalis gergeklestirilerek su
alt1 gorsel sayim metodu olan hat-¢izgi sayimi (line
transect) uygulanmis ve pinalarin  gdzlemi
yapilmistir. Su alti gozlemleri i¢cin boélgenin su alti
karakteristigine gore tiiplii dalis veya serbest dalig

yontemleri tercih edilerek, uygulamalar
gerceklestirilmistir.
Istasyonlar ~Canakkale Bogazi'min her iki

yakasinda ve aralarinda kus ugusu S5+lkm olacak
sekilde konumlandirilmistir. Istasyonlarin
belirlenmesinde kiy1 seridinin yapisi ve denize ulagim
imkanlar1 gz Oniinde tutulmustur. Istasyonlarm
belirlenmesinde ve ara mesafelerinin
hesaplanmasinda Navionics mobil uygulamasi olan
Boating HD deniz haritasindan faydalanilmistir.
Canakkale Bogazi’nin Anadolu yakasinda ve Avrupa
yakasi boyunca belirlenen istasyonlar Sekil 2’deki
harita {izerinde goriilmektedir.

Pinalarin sayim yonteminde bazi sahalar dar olup
(liman alanm1 ya da derinligin egime bagl olarak
karaya yakin olmasi gibi ozelliklerden dolay1) bu
alanlarda 750 m? civarinda, diger alanlarda ise 1500
m? civarmda alan taramasi yapilmistir. Pinalarin
sayiminda su alti gézlem yontemlerinden hat-¢izgi
sayimi (line transect) uygulanmistir. Bu ydntem
cergevesinde, 2 gozlemci dalgic aralarinda ortalama
10m olacak sekilde, 6nceden belirlenmis bir hat
iizerinde yiizerek Ornekleme yapmistir (Sekil la ve
b). Dalgiclarin her biri sag ve sol taraflarinda 5Sm
mesafede gordiikleri her pinay1 kayit etmistir. Goriis
mesafesi hattin genisliginin belirlenmesinde 6nemli
rol oynamistir. Kiyiya dik olacak sekilde 150 m
uzunlukta alan taramasi yapilmigtir. Canli ve 6lii pina
bireyleri koruma kilifli (housing) su alt1 kamerasiyla
(Olympus TG-5) fotograf ve video yontemi ile
goriintillenmistir (Sekil 1c¢).

Umurbey ve Marina istasyonlar1 hari¢ diger tiim
istasyonlarda 2*5*150=1500 m? lik alan taramasi
yapilmistir. Bu iki istasyonda ise (Umurbey, Marina
istasyonlar1) taranacak bolge sinirli oldugu igin 750
m?lik alan taranmustir.

Tipli dalislar i¢in BAD (bagimsiz aletli dalig
donanimi) kullanilmigtir. Serbest dalislar i¢in dalisin
ABC’si (maske, palet, snorkel) kullanilmistir.
Caligmanin ilk etab1 2020 yilinda, Ornekleme
istasyonlarinda dalis giinlerinde sicaklik, tuzluluk,
derinlik, pH, oksijen diizeyi bilgileri CTD
(Conductivity -Temperature - Depth) cihaz1 ile
Olciilmiistiir. Her istasyonun GPS koordinat verileri
Navionics Boating HD mobil uygulamasindan alinan
verilerle kaydedilmistir. Dalis saatiyle maksimum
derinlik, dalis siiresi bilgileri kaydedilmistir. Bir hat
iizerinde ilerleyerek, tarama yapan dalgiglar
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tarafindan canli pina sayistyla 6lii pina sayisi bilgileri
su alt1 yaz1 tahtastyla kayit altina alinmistir.

Saha c¢alismasindan elde edilen ham veriler excel
dosyasinda islenerek csv dosyasina
donistirilmiistir. Daha sonra agik kaynak veri

tabanlt cografik bilgi sistemi olan QGIS 3.16.1
stirimiine yiiklenmistir. Haritada gosterilmesi istenen
veriler QGIS uygulamasinda vektdr katman olarak
uygulamaya eklenerek ve bolgesel bazda 6rnekleme
istasyonlarinin
gosterilmistir.

koordinatlart1  noktasal  olarak

(b)

Sekil 1. Su altinda hat ¢izgi sayim i¢in kullanilacak hattin 6nceden isaretlenmesi (a, b). Yar1 6lii durumda olan

Pinna nobilis yataklarinin su alt1 gériintisii (c)

Bulgular ve Tartisma

Pinna nobilis’in yasam oranlarmi gosteren,
Canakkale Bogazi haritast Sekil 2’de verilmistir.
Haritadan anlasilacag iizere, Canakkale Bogazi’nin
Ege Denizi’ne yakin kisimlarinda canlilik tamamen
bitmis iken, Marmara Denizi’'ne yaklastik¢ca canli
oraninin artmakta oldugu goriilmektedir. 2020 yilinda

30 oOrnekleme istasyonunda dalis yapilarak 1543
dakika dip zaman1 harcanmuistir.

Tablo 1’de 2020 yilina ait istasyon koordinatlari
yaninda 6lii ve canli pina sayilari, 6liim oranlar1 ve
100 m?deki toplam yogunluk verileri verilmistir.

26.700 27.000

25.800 26.100 26.400
dirme

-

gbre 6 40.200
B OLU PINA SAYISI
B CANLI PINA SAYISI

Canakkale
N
L S—

39.900

Sekil 2. Koordinatlara goére 6rnekleme istasyonlar: ve 2020 yili P. nobilis 6li birey ile canli birey sayilarinin

oranini gosteren pay grafikler

190



Aksu et al., COMU J Mar Sci Fish, 4(2): 187-196 (2021)

Tablo 1. 2020 yili 6rnekleme istasyon numaralari, koordinatlari, 6lii, canli birey sayilari, 6liim oranlar1 ve

yogunluklari (100m?)
coondrar | Pasw | O | voguni

1 Kumkale Askeriye 40°0.482'N 26°12.367'E 204 0 100 13,60
2 Kumkale Liman 40°0.001'N 26°15.939'E 1 0 100 0,06
3 Giizelyali-intepe 40°1.592'N 26°19.905'E 2 0 100 0,13
4 Dardanos 40%4.494'N 26°21.474'E 19 0 100 1,26
5 Kepez 40%.357'N 26°23.899'E 54 0 100 3,60
6 Kiy1 Avm 40°7.360'N 26°24.560'E 2 0 100 0,13
7 Yenikordon 40°7.846'N 26°24.397'E | 181 0 100 12,06
8 Megabeach 40°8.458'N 26°23.975'E 5 0 100 0,33
9 Canakkale Marina 40°9.140'N 26°24.298'E 32 18 64 6,66
10 Karacaoéren Altt 40°11.877'N 26°27.060'E 65 43 60,19 7,20
11 Coraklik Burnu 40°12.461'N 26°29.647'E | 185 58 76,13 16,20
12 Yapildak 40°14.249'N 26°32.557'E | 154 79 66,09 15,53
13 Umurbey 40°16.237'N 26°33.851'E | 193 | 194 49,87 51,66
14 Suluca 40°17.437'N 26°36.898'E 6 11 35,29 1,13
15 Koprii Lapseki 40°19.751'N 26°39.199'E | 36 48 42,86 5,60
16 Lapseki Dalyan Burnu | 40°21.929'N 26%41.439'E 48 164 22,64 14,13
17 Cardak Vts Kulesi 40°24.220'N 26°45.465'E 2 8 20 0,66
18 Gelibolu Askeriye 40925.847'N 26°41.704'E 0 0 0 0
19 Gelibolu Camlik 40°24.197'N 26°38.510'E 8 72 10 5,33
20 Avrupa Koprii 40°21.235'N 26°37.422'E 0 3 0 0,20
21 Gelibolu Tersane 40°19.228'N 26°34.793'E | 66 | 256 20,5 21,46
22 Cennetkoy 40°17.656'N 26°31.592'E 3 8 27,27 0,73
23 Aktepe 40°15.693'N 26°29.193'E 13 37 26 3,33
24 Akbas Koyu 40°13.818'N 26°26.001'E | 87 76 53,37 10,86
25 Bigali Kalesi 40°12.526'N 26°22.813'E | 336 27 92,56 24,20
26 Camburnu 40°9.621'N 26°22.508'E 230 6 97,46 15,73
27 Havuzlar 40°7.286'N 26°20.697'E | 820 0 100 54,66
28 Soganlidere 40%.185'N 26°19.163'E | 1958 0 100 130,53
29 Abide Alt1 40°3.033'N 26°12.927'E 62 0 100 4,13
30 Seddiilbahir 40°2.505'N 26°11.171'E 0 0 0 0
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Calisma  boyunca  Canakkale  Bogazi’nin
giineyinde bulunan istasyonlarda 6liim oranlar1 %100
iken kuzey bolgelere dogru gidildikge bu oranin

diistigiic. ve canli bireylerin de var oldugu
belirlenmistir.
Tim saha ¢alismalar1 sonunda Canakkale

Bogazi’nda gozlemlenen 6lii pina sayis1 4772, canli
pina sayis1 1108, toplam pina sayist 5880 olarak kayit
edilmistir. Bu verilere gore toplamda 6liim orani %
81,15 iken canliik oran1 ise; %18,84 olarak
bulunmustur. Su altinda 43.500 m?’lik alan taranarak
yogunluk olarak 100 m?’ye ortalama 13,51 adet pina
diistiigii hesaplanmistr.

Canakkale Bogazi'm1 3 bolgeye aymrmak
gerekirse; Giiney bolgesi 1. bolge canliligin olmadigi
bdlge, Merkez bolgesi 2. bolge canliligin bagladigs,
6li ve canli pina bireylerinin bir arada bulundugu
bolge, Kuzey bolgesi 3. bolge ise kuzeye dogru
giderek artan canliligin gézlemlendigi bolgelerdir.

Elde edilen verilere gore en yiiksek su sicakligi,
25,7 °C ile 10. istasyon olan Karacadren Alt1’ ndan
(40°11.877'N - 26927.060'E) 02.07.2021 tarihinde
dlciilmiistiir. 28.09.2020 tarihinde Giizelyali-intepe
istasyonunda ise (40°1.592'N - 26°19.905'E) 27,58
ppt tuzluluk ile bogazin en yiiksek tuzluluk verisi
alinmigtir. Bu istasyonda 2 6li pina bireyi ile 6liim
orant %100 olarak belirlenmistir. Arastirmalarda
ornekleme istasyonlart karsilastirildiginda, Canakkale
Bogazi’nin Avrupa yakasinda adet bazinda en ¢ok
canli Pinna nobilis bulunan istasyon 256 canli pina
ile Gelibolu tersane (40°19.228'N - 26°34.793'E)
iken, Anadolu yakasinda 194 birey ile Umurbey
istasyonu olmustur. Su alt1 gdrsel sayim metoduyla
yapilan sayimlara gore; toplamda en c¢ok pina
bulunan istasyonlar sirasi ile %100 dliim orani ve
1958 pina sayistyla Soganlidere istasyonu olurken,
%100 6lim orani ve toplamda 820 Pina ile Havuzlar
istasyonu olarak kaydedilmistir. En yogun pina
bulunan bu iki istasyonun ikisinde de Pinna nobilis
popiilasyonlari acisindan canlilik olmayisi
yogunlukla-6liim orani1 arasinda bir iliski olup
olmayacagmi diisindlirmektedir. Fakat yapilan
analizlerde yogunluk ile toplu oliimler arasinda
anlaml bir iligki bulunamamustir.

Diger pinnidae ailesi iiyelerinin daha onceki
kitlesel toplu olimleri (Maeno vd., 2006, 2012) ile
karsilastirildiginda  Pinna nobilis’in  toplu  6lim
olaymin resmi en biiyiik kitlesel toplu 6liim oldugu
digiiniilebilir  (Vazquez-Luis vd., 2017). Bu
arastirmada yapilan su alti gozlemlerine gore; 30
istasyonun  11’inde %100  &lim  oramiyla
karsilagilmasi Pinna nobilis popiilasyonlarinin bu
durumunu kanitlar niteliktedir.

Canakkale Bogazi’'nin Anadolu yakasinda canli
Pinna nobilis bireylerinin giineyden kuzeye dogru ilk
goriildiigii istasyon Anadolu kiyilarinda 9. istasyon
olan Canakkale Marina (40°9.140'N - 26°24.298'E)
istasyonu, Avrupa yakasinda ise; Camburnu

(40°9.621'N - 26°22.508'E) istasyonudur. Iki ayr
yakadaki bu istasyonlarm koordinat verileri
incelendiginde enlemlerinin birbirine ¢ok yakin
olmasi; Pinna nobilis toplu 6liimlerinin Canakkale
Bogazi’nda gelmis oldugu noktayr belirtmektedir.
Kitlesel oliimlerin geldigi noktayr daha detayli
belirlemek amaciyla; 27 ana istasyona ek olarak 3 ara
istasyon oOrneklemesi (Kepez, Kiy1 AVM ve
Megabeach) esit mesafe araliklar1 ile eklenmis
olmasma ragmen, bu istasyonlarda canli pinaya
rastlanilmamasit  Anadolu Yakasi’'nda Canakkale
Marina istasyonunun Oliimlerin  ulagtifi  simir
oldugunu distnilmistir. 2021 yilinda yapilan
calismanin 2. etabinda elde edilen Ornekleme
sonuglar1 Tablo 2’de gosterilmektedir.

2020 yilinda ayni istasyonlarda ayni yontemle su
alt1 sayimlarinda 5880 adet pina bireyi gdzlenirken,
2021 izleme c¢alismasinda ise; 4002 adet pina
saytlmistir. Pina bireylerindeki &liim orani ise
2020°de %81,15 'ten  2021’de  %94,67'ye
ylikselmigtir. Bu oranlar, Sekil 3’de gosterilmistir.
Yaklasik 1 sene sonra pinalarin 6liim oraninin %100
oldugu istasyonlar 11'den 14'e yiikselirken, hi¢ pina
goriilmeyen  istasyonlarin  sayist  3'ten  S'e
yiikselmistir. Ornekleme istasyonlarindaki canli pina
sayisinin  bir sene igerisinde 1108’den 207’ye
gerilemesi, Pinna  nobilis neslinin  tiikkenme
tehlikesinin devam ettigini agiklar nitelikte bir
veridir. Biitiin istasyonlardaki toplam yogunluk (100
m?) ise 13,15'ten 9,2've gerilemistir. Istasyonlarin
2020 yilinda pina yogunlugu wverileri istatistiksel
olarak analiz edildiginde 100 m? alanda ortalama
14,03+25,88 adet pina bulundugu tespit edilmistir.
Bir sonraki yil ise ayni1 istasyonlarda yogunluk olarak

ortalama 10,02+19,92  adet pina  oldugu
hesaplanmustir.

Calismanin 2020-2021 saha verileri
kargilagtirildiginda  pinalarm = %100  Gliimlerinin

ulagtigi sinir istasyonlarinin, Anadolu ve Avrupa
yakasinda degisiklik gostermedigi goriilmiistiir. Hem
2020 hem de 2021 yilinda Anadolu yakasinda
giineyden kuzeye dogru ¢ikildiginda P. nobilis igin
ilk canliligin  goriildiigli 6rnekleme istasyonu
Canakkale Marina, Avrupa yakasinda da Camburnu
istasyonudur. Canakkale Marina istasyonunda
canlilik orani 2020 yilinda %36 iken 2021 yilinda
%6’ya diiserken, Camburnu istasyonunda ise canlilik
orani 2020 ve 2021 yilinda yaklasik %3 civarinda
seyretmistir.

Akdeniz'deki P. nobilis popiilasyonlarini harap
eden salginin Marmara Denizi'ne ulagmadigmni ve
bolgeyi tiirler igin sigmma alani haline getirdigini
belirten Cimnar vd. (2021b), Canakkale Bogaz1’ nin
kuzeyi olan bolgelerdeki canliligr agiklar niteliktedir.
Italya’da Portofino Deniz Koruma Alani’nda yapilan
bir izleme c¢aligmasina gore kitlesel oliimlerin
yaninda 2018 yilinda canli P. nobilis popiilasyonlari
kaydedilmigken, 2020 yilinda ayn1 alanlarda hi¢ canli
pina gozlenmedigi rapor edilmistir (Betti vd., 2021).
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Tablo 2. 2021 yili érnekleme istasyon numaralari, koordinatlari, 6li, canli birey sayilari, 6liim oranlar1 ve

yogunluklari (100 m?)
istasyon istasyon Olii Canli Oliim Yogunluk
No Adi Pina Sayisi | Pina Sayis1 | Oram% | (Birey/100m?)
1 Kumkale Askeriye 121 0 100 8,06
2 Kumkale Liman 0 0 - 0
3 Giizelyali-Intepe 3 0 100 0,20
4 Dardanos 39 0 100 2,60
5 Kepez 13 0 100 0,86
6 Kiy1 Avm 3 0 100 0,20
7 Yenikordon 25 0 100 1,66
8 Megabeach 1 0 100 0,06
9 Canakkale Marina 91 5 94 12,80
10 Karacadren Alt1 7 0 100 0,46
11 Coraklik Burnu 232 18 92 16,66
12 Yapildak 224 26 89 16,66
13 Umurbey 387 29 93 27,73
14 Suluca 13 0 100 1,73
15 Koprii Lapseki 98 4 92 6,80
16 Lapseki Dalyan Burnu 131 4 97 9
17 Cardak Vts Kulesi 2 0 100 0,13
18 Gelibolu Askeriye 0 0 - 0
19 Gelibolu Camlik 19 11 63 2
20 Avrupa Koprii 0 0 - 0
21 Gelibolu Tersane 154 82 65 15,73
22 Cennetkoy 3 0 100 0,20
23 Aktepe 0 0 - 0
24 Akbas Koyu 21 20 51 2,73
25 Bigali Kalesi 25 1 96 1,73
26 Camburnu 144 3 97 9,8
27 Havuzlar 692 0 100 46,13
28 Soganlidere 1345 0 100 89,66
29 Abide Alti 5 0 100 0,33
30 Seddiilbahir 0 0 - 0

193



Determination of Mortality Rates in Pinna nobilis (Linnaeus, 1758) Population in the Canakkale Strait

2020

= Oliim Orani

m Canlilik Orani

Sekil 3. Canakkale Bogazi’nda 2020 ve 2021 yil1 Pinna nobilis bireylerinin toplam 6lii ve canli orani

Ote yandan 2021 yilinda baskin bir sekilde
Marmara’ da ortaya ¢ikan misilaj sorunu sudaki
oksijen seviyesini azaltarak ve bentik organizmalarin
lizerini kaplayarak olumsuz sonuglar dogurmustur.
Bu durum ayni zamanda 6zellikle H. pinnae ve goklu
Vibrio sp. tiirleri gibi parazitik hastaliklarla miicadele
eden P. nobilis popiilasyonlar1 icin de kitlesel
Oliimleri hizlandirict bir etken olarak diisiiniilebilir.

Bu caligmadaki go6zlemlere dayanarak ise,
Canakkale Bogazi’'nin kuzey enlemlerindeki P.
nobilis popiilasyonlarinin, kitlesel 6limlerden daha
az etkilendigi diisiiniilebilir. Ancak bu tip izleme
caligmalarinin periyodik araliklarla siirdiiriilmesi ve
kitlesel Oliimlerin  dagiliminda degisiklik  olup
olmadigr zaman serisi verileri ile takip edilmesi
gerekmektedir. Pinna nobilis neslinin tiikkenme
tehlikesinden  kurtulabilmesi icin  biyolojik
calismalarin yaninda yetistiricilik ve transplantasyon
calismalarinin da yaygmlastirilmas: alternatif bir
ekolojik plan olarak diisiiniilebilir.
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Abstract: In this study, the antioxidant activities, total polyphenolic contents of algal extracts from Gongolaria
barbata were examined by using ethyl acetate (AcOEt), water(W), and phosphate buffer (PH) as solvents.
According to the results, EtOH, W, and PB showed medium antioxidant potential with low ICs values. The
highest total flavonoid content was detected in W (6.91+0.09 mg/g Ext., and PB showed the maximum phenolic
content (2.29+0.01 mg GAE/g ext.). The chlorophyll a and total carotenoid contents were detected as 40.5+1.20
and 29.13+1.12 (mg/g DW), respectively. Phycoerythrin was 0.002+0.001 (mg/g DW), while phycocyanin
content was found as0.04 £0.01 (mg/g DW). Our results show that PB could be used as an extraction solvent for
determining the antioxidant properties of G. barbata instead of ethanol.

Key words: Antioxidant Properties, Brown Seaweed, Flavonoids, Gongolaria barbata, Phenolics

Farkh Coziiciilerin Gongolaria barbata'nin (Phaeophyceae) Antioksidan
Ozellikleri Uzerine EtKisi

Ozet: Bu calismada, Gongolaria barbata'dan elde edilen alg ekstraktlarmin antioksidan aktiviteleri, toplam
fenolik ve flavonoid igerikleri sirasiyla farkli ¢6ziiciiler kullanilarak incelenmistir: etil asetat (AcOEt), su(W) ve
fosfat tamponu (PH). Sonuclara gére EtOH, W ve PB ¢oziiciileri, sirasiyla test edilen iki ticari antioksidan olan
BHT ve Vitamin C'den 6nemli 6l¢iide daha yiiksek oldugu ve diisiik IC50 degerleri ile orta diizeyde antioksidan
potansiyeli gosterdigi kaydedildi. En yiiksek toplam flavonoid icerigi W (6.91+£0,09 mg/g Ext.) olarak tespit
edildi ve PB en yiiksek fenolik icerigi (2.29+0.01 mg GAE/g ext.) gosterdi. Klorofil a ve toplam karotenoid
degerleri sirasiyla 40,5+1,20 ve 29,13+1,12 (mg/g DW) olarak 6lgiildii. Fikoeritrin 0.002+0.001 (mg/g DW)
olarak Olgiiliirken, fikosiyanin igerigi 0.04 +0.01 (mg/g DW) olarak bulundu. Calismamizin sonucuna gore,
Gongolaria barbata’ nin antioksidan igerikleri, toplam fenolik ve flavonoid igerikleri incelendiginde, fosfat
tamponunun etanoliin yerine kullanilabilecek bir ¢oziicii oldugu belirlenmistir.

Anahtar kelimeler: Antioksidan Ozellikleri, Fenolik, Flavonoid, Gongolaria barbata, Kahverengi Alg

Introduction

Marine macroalgae, also known as seaweed, are raw materials for biofuel production due to high
used in many industries, including cosmetics and productivity (Ktari et al., 2021). Seaweeds are
pharmaceuticals, and they are also good candidates as photosynthetic organisms with rich pigments and
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offer an excellent opportunity to the increasing global
market demand for food coloring (Bizzaro et al.,
2022). Besides their commercial use by the food
industry, seaweeds are also rich in other biochemicals
such as pigments, fatty acids, and polyphenols, which
possess  antioxidant,  antibacterial,  antitumor
properties (Slusarczyk et al., 2021). Especially,
seaweeds from the Phaeophyceae family gained
importance due to their high bioactive compounds in
recent years. Gongolaria species are distributed in
tropical and temperate waters (Guiry and Guiry,
2021). Perennial macroalgae attract the attention of
researchers due to their phenol and polysaccharide
contents. This seaweed contains alginic acid salts,
polyunsaturated fatty acids, and minerals (Oztagkent
and Ak, 2021). The biochemical composition of G.
barbata is affected by environmental factors such as
temperature, salinity, and nutrient salts (Cirik et al.,
2010).

Free radicals have a crucial role in affecting both
human and animal health and cause many illnesses.
In recent years, antioxidants have proven their
applicability in preventing various diseases in which
free radicals play a role (Devi et al., 2021). Many
scientists have observed numerous antioxidants from
unique elements of various plant species consisting of
oilseeds, cereal plants, greens and spices (Banwo et
al., 2021). Both terrestrial plants and seaweeds are
rich resources of phytochemicals possessing essential
properties, including antioxidants. Because seaweeds
expose various abiotic and biotic stresses, they
possess robust defence systems and produce critical
secondary  metabolites  with  pharmaceutical
importance (Jégou et al., 2021). These metabolites
are used in cancer, allergy, hypertension, oxidative
stress and inflammation treatments, showing
antimicrobial, antibacterial, and other
pharmacological properties (Slusarczyk et al., 2021).

The phenolic compounds increase the antioxidant
capacity of photosynthetic organisms (Mildenberger
et al., 2022). Seaweeds and plants contain phenolic
compounds such as tannic acids, phenolic acids etc.,
which have many benefits for human health (Jégou et
al., 2021; Bizzaro et al., 2022). Flavonoids are
polyphenolic compounds and are known as safe and
non-toxic antioxidants. Seaweeds' phenolic and
flavonoid compounds change according to species,
environmental conditions, and extraction solvents
(Ak and Tiirker, 2019; Koru et al., 2021).

Besides the pharmaceutical and biomedical
potentials of seaweed pigments in the last few years,
they can be used as replacements for dyes/colorants
(Wang et al., 2017). There has been a growing
interest in natural pigments, especially in seaweeds.
The primary pigments of seaweeds are chlorophylls,
carotenoids and phycobiliproteins. In addition to
chlorophyll a pigment, brown algae also have
chlorophyll ¢ pigment (Biichel, 2020). The
carotenoids are found in the thylakoids of seaweeds,

and they have a protective role against high
irradiances. The light-harvesting complexes in these
seaweeds are phycobiliproteins, which are mainly
two  components, phycoerythrin  (red) and
phycocyanin (blue) (Osério et al., 2020).

This study aimed to determine the antioxidant
properties of algal extracts from G. barbata by using
different solvents: water, ethyl acetate (AcOEt) and
ethanol (EtOH) phosphate buffer extracts.

Material and Methods
Seaweed collection

The thallus of Gongolaria barbata were collected,
on March 2021, at low tide along the coast of
Kilitbahir, Canakkale, Turkey (40° 9'15"N;
26°22'38"E) (Figure 1). The samples were transferred
to the laboratory in COMU. The samples were
cleaned from epiphytes and other contaminants.
Samples were dried at 30-35°C and stored for
analysis.

Extraction of the seaweed

1 gr dried tallus of seaweed extracted with 10 ml
of 4 different solvents (water (W), ethyl acetate
(AcOEt) and ethanol (EtOH) and phosphate buffer
(PB) extracts) samples were kept in solvents for 24
hours. The samples were then filtered on filter paper.

Determination of pigment contents

The chlorophyll a (chl a), chlorophyll ¢ (chl c)
and total carotenoid (TCar), phycoerythrin (PE) and
phycocyanin  (PC) contents of samples were
determined spectrophotometrically according to
Jeffrey and Humphrey (1975) and Beer and Eshel
(1985).

DPPH radical scavenging activity

The DPPH radical scavenging activity was
determined according to  Brand-Williams et al.
(1995). Vitamin C and Butylated hydroxytoluene
(BHT) were used as the control. The methanol and
DPPH solutions were added to the extracts. The
mixtures were left 30 min for the reaction, and then
the absorbance value was determined
spectrophotometrically. Nonlinear regression was
used to calculate IC50 inhibition values.

Total phenolic (TPC) and flavonoid contents
(TFC)

Total phenolic and total flavonoid contents of G.
barbata were found spectrophotometrically according
to Djeridane et al.(2006) and Quettier-Deleu et al.
(2000).

Statistical analyses

One-way analysis of variance (ANOVA) was
used to determine the significance of differences
between groups. Moreover, the correlations between
the means were found with Pearson’s correlation.
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Figure 1. Sampling area

Results and Discussion

In this study, the antioxidant properties of four
different seaweed extracts were evaluated (Table 1).
AcOEt solvents showed the lowest antioxidant
potential with a high 1Cs (9.56+0.09 mg/g Ext.). No
significant differences were found between W, PB
and EtOH (p>0.05), and these values are significantly
higher than BHT and Vitamin C, respectively. Ak
and Tirker (2019) reported that ICsp inhibition values
of Eucheuma sp. and Laminaria sp. were found at
2.26+0.03 to 2.63+0.03, respectively. According to
our results, EtOH, W and PB solvents were
determined as the most suitable scavengers.

TPC and TFC contents of G. barbata extracts are
shown in Table 2. It was found that all the groups
were significantly different (p<0.05), and PB showed
the highest phenolic potential (2.29+0.01 mg GAE/g
ext.). The lowest value (0.41+0.01 mg GAE/g ext.)
was found in the extract of AcOEt. Phenolics are one
of the effective antioxidant sources, and they are
dominant in seaweeds (Mildenberger et al., 2022).
Mildenberger et al. (2022) and Zhu et al. (2022)
reported that brown seaweed extracts changed
phenolic content according to species.

The highest TFC was determined in W (6.91+0.09
mg/g Ext.) (Table 2). The flavonoid contents of
brown seaweeds varied according to species and
environmental conditions (Mildenberger et al., 2022).
Flavonoids play an essential role in seaweeds'
defence systems, and they are associated with
preventing vascular diseases and diabetes (Jégou et
al., 2021). Also, they show antioxidant activity by
chelation of metals (Shubina et al., 2021).

Ocean Data View

L0 27.5°E

Table 1. ICs inhibition values (mg/g ext) and
Inhibition rates (%) of G. barbata

EtOH 6.94+0.03° 19.43£0.07°
W 6.91+0.09° 19.52£0.26°

PB 6.96+0.10° 19.40+0.28°
AcOEt 9.56+0.092 14.20+0.13°¢
BHT 1.40+0.01° 99.00+0.012
Vitamin ¢ 1.36+0.01° 99.00+0.012

Different superscripts in a column indicates statistical differences
(p<0.05).

The chl a, chl ¢, Tcar, PE and PC of G. barbata
are shown in Table 3. The Chl a and Tcar values
were 40.5+£1.20 and 29.13+1.12 (mg/g DW),
respectively. G. barbata is particularly rich in
pigments and could be used as a powerful antioxidant
source. Recent studies have shown that foods rich in
carotenoids can reduce the risk of diseases such as
cancer and heart disease (Jégou et al., 2021). and PC
content are shown in Table 2. It was determined that
PC content was higher than PE content.

199



The Effect of Different Solvents on Antioxidant Properties of Gongolaria barbata (Phaeophyceae)

Table 2. The total phenolics (mg GAE/g ext.) and
total flavonoids (mg rutin/g ext) of G.

barbata.
Solvents TFC TFE
EtOH 1.67+0.012 1.14+0.02°
w 1.69+0.012 1.01+£0.01°¢
PB 1.65+0.012 2.294+0.012
AcOEt 1.39+0.02° 0.414+0.01¢

Different superscript letters in a column indicates statistical
differences (p<0.05).

PE Besides chlorophyll a which is mainly
responsible for photosynthesis, seaweeds also contain
other  pigments such as carotenoids and
phycobiliproteins  (such as phycoerythrin  and
phycocyanin)  (Osério et al, 2020). The
phycobiliproteins, one of the groups of water-soluble
compounds, are  accessory  pigments  for
photosynthetic light collection (Ak and Yiicesan,
2012). In this study, for the first time, phycocyanin
and phycoerythrin determinations were carried out in
dry weights of brown algae. It has been determined
that G. barbata contains these two pigments, albeit in
small amounts.

Table 3. Chl a, Chl ¢, TCar, phycoerythrin and phycocyanin values of G. barbata (mg/g DW)

Chl a Chlc

TCar PE PC

40.5+1.20 8.66+0.45

29.13+1.12

0.002+0.001 0.04 +£0.01

Correlation coefficient analysis results are shown
in Table 3. Our results showed a negative correlation
between DPPH scavenging activities and both
flavonoids and phenolic values. In previous studies,
the total phenolic and flavonoid were significantly
correlated to ICsp inhibition values, and results show
significant negative relationships (Ismail, 2017; Ak
and Tirker, 2019).

Table 4. Correlation coefficients (n=9) between

variables.
1Csp inhibition Total
values flavonoids

Total phenolics -0.671* 0.609*
Total flavonoids -0.987*
* Significant correlation at the 0.05 level.
Conclusion

Seaweeds are rich sources of chemical
compounds  having antibacterial, antioxidant,

antitumor and other properties. As a result, increasing
attention has been paid regarding the application of
algae in the pharmaceutical, cosmetic, and food
industries. Most of the studies that aim to determine
antioxidant activities of polyphenolic compounds of
seaweeds were carried out with methanol and ethanol
as extracting solvents. According to the results of this
study, phosphate buffer (PB) can be used as effective
as methanol and ethanol solvents for determining
antioxidant capacity, total phenolic and flavonoid
contents of G. barbata. Also, in this study,
phycoerythrin and phycocyanin contents of G.
barbata were determined for the first time. At the end
of the study, we found that the antioxidant activities
and total polyphenolic contents of G. barbata show
differences based on the solvent type. Extraction
solvents of seaweeds used in primarily cosmetic and
pharmaceutical industries should not be harmful to
human and animal health and should be cheap and

sustainable materials. From this point of view we
suggest phosphate buffer for extraction solvent as
well as ethanol.
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Abstract: The European lobster, Hommarus gammarus, is a commercially important species in Europe. Despite
successful stock enhancement programs during the last two decades, culture methods of H. gammarus are still in
progress. In this study, the effects of pseudo-green water technique and clear water technique with lower
stocking densities on the growth and survival of H. gammarus larvae during stages I-1V were investigated. All
larvae were reared in 800 L cylindro-conical tanks with a stocking density of 1.25 larvae/L at a temperature of
17.1£1 °C and a salinity of 3241 ppt. Lobster larvae were fed with enriched Artemia at a density of 3-5 naupli/ml
for a period of 10 (09:30 am- 19:30 pm) hours. Daily additions of concentrated algae increased turbidity and
reduced visibility in tanks compared to clear water conditions. Results showed that growth of lobster larvae
were not significantly different among treatments during planktonic stages I-1V (p>0.05). Overall mean survival
rate was only 3% with no significant differences between treatments. Increased turbidity and lower stocking
density did not improve survival rates. Further studies are required to develop methods that will promote higher
survival rates during the pelagic stages of lobster larvae.

Key words: Homarid Lobster, Decapoda, Cannibalism, Larval Culture

Avrupa Istakozu (Hommarus gammarus) Larvalarinin Diisiik Yogunluk
Kosullar1 Altinda Pseudo-Yesil Su ve Temiz Suda Biiyiimesi ve Hayatta
Kalmasi

Ozet: Avrupa 1stakozu, Homarus gammarus, Avrupa’da énemli bir ticari tiirdiir. Son yirmi yildir devam eden
basarili stok gelistirme ¢aligmalarina karsin, H. gammarus’un yetistiricilik yontemleri hala gelismektedir.Bu
caligmada, diisiik yogunluklu stoklama sartlarinda, konsantre alg i¢eren pseudo-yesil su ve temiz su tekniklerinin
H. gammarus larvalarinin I-IV evreler arasindaki biiylime ve hayatta kalma oranlar1 aragtirilmigtir. Tiim larvalar
800 L hacmindeki silindir-konik tanklarda 1.25 larva/L stoklama yogunlugunda 17.1+1 °C sicaklik ve 32+1 ppt
tuzlulukta yetistirilmistir. Istakoz larvalar1 zenginlestirilmis Artemia ile 3-5 naupli/ml oraninda 10 saat siire
(09:30 - 19:30) ile beslenmistir. Tanklara gilinliik eklenen konsantre alg, eklenmeyen temiz su sartlarina gére
tiirbiditeyi arttirmig ve goriis mesafesini azaltmigtir. Sonuglar, farkli gruplardaki istakoz larvalarinin I-1V
evrelerde biiylime ve hayatta kalma oranlarinin istatistiksel olarak farkli olmadigini gdstermistir (p>0.05).
Ortalama hayatta kalma oran1 %3’tli ve gruplar arasinda bir farklilik ortaya ¢ikmamistir. Artan tiirbidite sartlar
ve diisiik stoklama yogunlugu hayatta kalma oranlarim arttirmamustir. Istakoz larvalarinin pelajik evrelerde daha
yiiksek hayatta kalma oranlarini saglayacak galigmalarin yapilmasi gereklidir.

Anahtar kelimeler: Homarid Istakoz, Decapod, Kanibalizm, Larva Yetistiriciligi
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Introduction

The European lobster (Hommarus gammarus) is
an economically important species throughout
Europe ranging from the Mediterranean up to the
north-eastern Atlantic Ocean.  European lobster
production has reached 4700 tonnes as a result of
efforts towards increasing natural populations to
support fisheries in the last two decades (Casbon, et
al., 2021). The hatchery production of the European
lobster, particularly in the UK, has become a
successful model to support natural populations for
this economically important species. In Turkey, since
no commercial lobster fleet exists, majority of lobster
catches by scuba diving remain unreported and are of
a significant concern due to declining populations.
Natural harvests dropped from 25 tonnes in 2003 to
1.7 tonnes in 2019 (Anonymus:www.tuik.gov.tr).
There is no hatchery production of H. gammarus in
Turkey and efforts are very limited.

In the hatchery culture, lobster larvae are obtained
from egg-bearing female lobsters which are caught
from the wild and transferred to hatcheries.
Typically, larvae during the first month are cultured
communally in cylindro-conical tanks and undergo
three planktonic zoea stages (stages I-111) and a post
larvae stage IV (Ellis et al., 2015). Larvae are
reported to feed with a variety of diets including
enriched Artemia naupli, frozen mysid shrimps,
mussels and formulated dry diets until they reach
stage IV (Nicosia and Lavalli, 1999; Fiore and
Tlusty, 2005; Powell et al., 2017). Post larval stage is
usually achieved in 16 days at 20 °C, but it may take
9-26 days depending on the temperature (Beard et al.,
1985). Typically, survival rates by the beginning of
stage IV is 14-20%, but survival rates up to 50% have
been reported (Burton, 2003). Due to cannibalism,
lobsters are cultured individually after stage 1V and
are fed with a variety of diets including raw
ingredients and formulated diets.

Despite efforts in the European lobster
larviculture during the last 20 years, well-established
husbandry protocols with high survival rates during
the pelagic phase are not available in detail.
Therefore, there is a need to increase survival rates of
lobster larvae during the first month of life and
develop alternative protocols for mass culture both in
terms of simplicity and reproducibility for cost
effective rearing of lobsters in captivity. This study
investigates the effects of pseudo-green water method
and clear water method with lower stocking density
on the growth and survival of H. gammarus larvae
during stages I-1V. Growth of lobsters was also
monitored until stage VII and the surviving lobster
juveniles were then released to an artificial reef area
located off of Dardanos, Canakkale.

Material and Methods

In this study, the regulation on the working
procedures and principles of the Animal Experiments

Ethics Committee of Turkey was followed.
Accordingly, only studies involving experiments on
vertebrates and cephalopods require approval by the
authorized local Animal Experiments Ethics
Committee, Canakkale Onsekiz Mart University.
Studies involving experiments on crustaceans
(lobsters) do not require approval. After the
experiments, surviving juveniles and the female
broodstock were released back into the sea as an
experimental stock enhancement initiative.

The experiment was carried out in the Marine
Resources Research Laboratory, Faculty of Marine
Sciences and Technology, Canakkale Onsekiz Mart
University, located by the Canakkale Strait
(Dardanelles) in Dardanos Campus. Larvae were
obtained from a single egg-bearing H. gammarus
female caught in the Canakkale Strait. The female
lobster was fed ad libitum with the Mediterranean
mussels (Mytilus galloprovincialis) until
commencement of larval release. The release of
larvae covered a period of 10 days with a peak
release period between days 5-9. In the experiment,
larvae released between days 5-7 were used to
minimize potential differences among cohorts.

Larvae were reared in two identical recirculating
systems each containing 2 cylindro-conical tanks
(total water volume 800 L/tank), a biofilter (total
volume 1 ton) and a UV filter (18 watts). Fresh
seawater exchange rate was 10% daily. Overhead
illumination with fluorescent lighting provided 100
lux of light at the surface. Aeration was supplied with
air stones to prevent larval settlement on the bottom
of tanks and water stratification. Water temperature
was maintained at 18+1 °C.

A total of 1000 larvae were added to each tank
corresponding to a stocking rate of 1.25 larvae/L.
Lobster larvae were reared either in pseudo-green
water with concentrated (paste) algae (Nanno 3600,
Reed Mariculture, USA) added in culture water
(PGW) or in clear water without addition of algae
(CW). Duplicate tanks were used for each treatment.
Larvae were fed with Artemia nauplii enriched with
RotiGrow OneStep (Reed Mariculture, USA) for a
period of 24 h after hatching. Artemia nauplii were
maintained at a density of 3-5 individuals/ml during
the day and no Artemia was added to the tanks after
the lights were turned off.

Once larvae reached stage IV, they were
transferred from larval tanks to 4x6 cm compartments
made of plastic mesh. Only larvae that reached stage
IV within 5 days were pooled and used for the grow-
out trial. Larvae were randomly allocated to
compartments and allowed to acclimate for another 2
days. Larvae were Kkept separately to prevent
cannibalism and fed a diet of fresh mussel and fish
meat. Growth was monitored periodically by
measuring TL and CL for a period of 40 days. The
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culture system for the larvae culture was also used for
the juvenile grow-out trial.

Data were analyzed using the statistical software
package IBM SPSS Statistics for Windows (Version
19, IBM, Corp., USA). The suitability of data for
ANOVA was checked by Bartlett’s test for
homogeneity. The growth and survival rates of
lobsters were analyzed by ANOVA. Differences in
growth and survival among treatments were
compared using Tukey’s HSD multiple range test
(p<0.05).

Results

Water quality parameters during the experimental
period were as follows: Temperature ranged between
17 £1 °C; salinity was stable and fluctuated between

32 +1 ppt, pH was 8.0-8.2; NH3-N levels were always
below 0.1 mg NHa/L.

Larval total length (TL) and carapace length (CL)
of stage I-11l and Stage 1V-VII larvae are given in
Figures 1 and 2, respectively. Initial mean (+SE) TL
and CL of larvae were 7.679 + 0.08 and 2.712 +
0.074 mm, respectively. A steady growth was
observed in all tanks with no significant differences
between treatments. On day 8, the mean TL and CL
of stage II larvae were 10.109 + 0.117 and 3.738 +
0.099 mm, respectively. On day 15, stage Il larvae
had a mean TL of 11.166 + 0.254 and a mean CL of
4.080 = 0.82 mm. On day 22, the mean TL and CL of
stage IV larvae were 13.169 + 0.096 and 5.166 +
0.046 mm.

14 -
131 A
€
£ 12 -
S eCW1
S 11 - Q
g mCW 2
= 10 - d
= o PGW 3
1)
S 9 X PGW 4

® i

7 T T T T

| I 1 v

Stage

Figure 1. Growth (total length) of lobster larvae reared in clearwater (CW) and pseudo-green water (PGW).
Differences were not statistically significant (p>0.05)
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Figure 2. Growth (carapace length) of lobster larvae reared in clearwater (CW) and pseudo-green water (PGW).
Differences were not statistically significant (p>0.05)
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Number of surviving larvae that reached stage 1V
was 26 in CW1, 34 in CW2, 32 in PGW3 and 29 in
PGW 4, with no significant differences between the
two treatments (p>0.05). The overall survival rate
was 3.1%.

Water quality parameters were identical to those
reported for the larval culture experiment. Growth of
benthic larvae between stage IV-VII in individual
cells was steady. Correlation between TL and CL of

juvenile lobsters between stage IV — VII is given in
Figure 3. The mean (£SD) TL and CL of stage V
larvae were 1745 £+ 0.43 and 7.34 + 0.32 mm,
respectively. Stage VI larvae had a mean TL of 23.07
+ 1.99 and a mean CL of 9.37 = 0.99 mm. The mean
TL and CL of stage VII larvae were 29.11 + 1.89 and
11.51 £ 0.61 mm, respectively. By the end of stage
VII, juvenile survival was 80%.
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Figure 3. Correlation between total length and carapace length of stage IV-VII larvae

Discussion

This study showed that growth and survival of H.
gammarus larvae were similar in clear water and
pseudo-green water containing concentrated algae
under low density conditions of 1.25 larvae/L. This
finding is similar to that reported for H. americanus
larvae reared in green water consisting live algae
(Haché et al., 2017). In contrast, green water
technique using either live or concentrated algae is
extensively used in the larval culture of many marine
organisms like fish and shrimp (Reitan, 1997;
Papandroulakis et al., 2001; Skiftesvik et al., 2003).
The use of green water has several benefits including
increased visibility of prey organisms, increased
nutritional content of prey organisms and improved
microbial quality of the culture tank and the digestive
tract of the target organism. However, green water
technique using concentrated algae had limited
benefits as the algae cells in concentrated algae were
not alive. In addition, turbidity caused by algae cells
interfered with routine tank maintenance and
observation as the visibility in the tanks was limited
to 20-25 cm.

In the present study, a diet of enriched Artemia
naupli proved successful for the growth of lobster
larvae until stage IV. The growth of larvae during
the pelagic stages was similar to those reported in

other studies (Agnalt et al., 2013; Middlemiss et al.,
2015; Powell et al., 2017). In this study, feeding time
was limited to 10 hours (09:30 - 19:30) and no feed
was given after lights were turned off. The density of
live prey was kept at 3-5 naupli/ml during day time
when the lights were on. Larvae were observed to
chase the prey and feed on them. In addition, ingested
preys were observed in the guts of the larvae under
the microscope and indicated active feeding. As
expected, prey density in tanks were reduced in the
morning and dropped to <1 naupli/ml until feeding
resumed the next morning. Although no quantitative
comparisons were made in terms of gut fullness
between day and night time, gut fullness was reduced
in early mornings. This may not have been due to
reduced feeding activity of lobster larvae during
darkness but rather, due to lower amount of Artemia
naupli left in the tanks as no feed was provided after
the lights were turned off. Lobster larvae are known
to be more active during darkness (Powell et al.,
2017) and night feeding may improve growth and
survival in lobster larvae.

In this study, larval survival rates were lower than
those reported in other studies. Typical survival rates
of planktonic stages until the beginning of benthic
stage (stage 1V) are 10-15% (Jorstad et al., 2009;
Ellis et al., 2015). The mean survival rate in this
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study was 3% with no significant differences among
treatments. Survival rates were also similar within
treatments. Lower survival rates may be due to a
variety of factors such as cannibalism, nutrition and
environmental  conditions.  However, although
environmental factors were favorable due to lower
stocking density, reduced visibility in PGW tanks or
lower stocking rates in both treatments did not
improve survival rates. Daily siphoning of tank
bottoms were performed as part of routine husbandry,
but mortality rates could not be calculated due to
cannibalism on conspesifics. On the other hand,
lobster larvae in CW tanks were easily observed due
to increased visibility and therefore, allowed better
observation opportunity and maintenance of the
culture tanks.

Early juvenile growth of lobster larvae showed
that growth was steady at a temperature of 17 = 1 °C.
Mortality was considerably lower compared to
pelagic stages when juveniles were kept individually
as reported in other studies (Jerstad et al., 2001).
These results further confirmed that pelagic stages of
lobster larvae remain to be the problematic period in
lobster culture.

In the present study, the larvae obtained from a
single female lobster, H. gammarus, were reared on a
diet of enriched Artemia with a mean survival rate of
3%. No significant differences were found in the
growth and survival of larvae grown either in clear
water or pseudo-green water with concentrated algae.
Increased turbidity using concentrated algae and
lower stocking density did not promote higher
survival rates of lobster larvae. However, the growth
of larvae was comparable to those reported earlier in
the culture of H. gammarus larvae. After the
experiments, the surviving lobster juveniles were
released to an artificial reef area when they reached
stage VIII as an attempt to monitor their growth and
survival in the sea. Considering the dramatic decrease
in wild lobster populations due to overfishing in
Turkey and the recent mucilage phenomenon that
will potentially negatively affect benthic life in the
Sea of Marmara, there is a need to develop better
husbandry protocols for stage I-111 larvae in order to
start a successful stock enhancement program for
lobsters in this region.
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Abstract: The teleost fish stocks distributed in Turkish seas are threatened due to overfishing, pollution, global
warming and increasing food competition. There is a need to provide scientific knowledge on reproductive traits
of commercial species in order to ensure the sustainability of fish stocks. Parameters related to reproductive
biology of fishes such as sex ratio, first sexual maturity length, gonadosomatic index, fecundity and reproductive
period are rather effective constituents that should be taken into consideration in the decision making process by
fisheries managers. In this study, studies on reproductive biologies of teleost fishes from Turkish waters have
been reviewed. A total of 177 studies were compiled that focused on 91 species belonging to 41 families.
Reviewed data indicated that existing studies focused on certain fishing areas in the Turkish seas and no
information were provided on reproductive biologies of some species. In some species, important parameters
such as first sexual maturity length, reproductive period, gonadosomatic index and fecundity were not available.

Key words: Population, Stock, Reproduction, Sexual Maturity, Area, Marine Fish

Tiirkiye Deniz Bahklarmin Ureme Biyolojisi Arastirmalari
Uzerine Bir Degerlendirme

Ozet: Ulkemiz sularinda dagilim gosteren kemikli balik stoklar1 asir1 aveilik, kirlilik, kiiresel 1snma ve artan
besin rekabeti nedeniyle tehlike altindadir. Balik stoklarmin siirdiriilebilirliginin saglanmasi hedefi igin
oncelikle bilimsel bilgi eksikliginin giderilmesi gerekmektedir. Baliklarda lireme biyolojisine ait cinsiyet orani,
ilk eseysel olgunluk boyu, gonadosomatik indeks, fekondite ve iireme donemi gibi parametreler, balikgilik
yoneticilerinin karar almasinda oldukga etkilidir. Bu ¢aligmada ge¢cmisten giinlimiize {ilkemiz sularinda dagilim
gosteren kemikli balik stoklarina ait tiirler iizerine gergeklestirilmis iireme biyolojisi ¢aligmalarinin sonuglari
Ozetlenmeye calisilmistir. Literatiir taramasi sonucunda 41 familyaya ait 91 tiir {izerine 177 adet galisma tespit
edilmistir. Caligmanin sonucunda, bazi tiirlerde iireme biyolojisiyle alakali calisma bulunmadigi, var olan
calismalarin ise denizlerimizdeki belirli alanlarda yogunlastigi tespit edilmistir. Bazi tiirlerde ise ilk eseysel
olgunluk boyu, tireme dénemi, gonadosomatik indeks ve fekondite gibi dnemli parametrelerin eksik oldugu
goriilmistiir.

Anahtar kelimeler: Populasyon, Stok, Ureme, Eseysel Olgunluk, Bdlge, Deniz Baliklart

Giris

Balik¢ilik yonetimi, balik¢iliktan kaynakli 6lim zorlagtirmakta, bircok balik stogu ¢okme sinirinda
oranini maksimum siirdiiriilebilir iirtintin oldugundan, siirdiiriilebilir stok yonetiminden ziyade,
saglanabilecegi smirda tutmayir amaclamaktadir. stoklarin ~ ¢okmemesi  icin  ¢abalamaktadirlar.
Ancak segici olmayan av araglarinin kullanima, Akdeniz’de balik stoklarinin  %78’inin tamamen
kirlilik, kiiresel iklim degisikligi gibi dig faktorler, somiiriilmiis, Karadeniz’de ise %85’inin  asir1
giiniimiizde balik¢ilik yoneticilerinin karar almasini somiiriildigi bildirilmistir (Daskalov, 2002; Sherman
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ve Adams, 2010). Demirel vd. (2020) Dogu Akdeniz
ve Karadeniz’de dagilim gosteren 54 ticari balk
stoguna ait analizlerinde, 54 tiirin %85’inin asiri
avlandigi, bu tiirlere ait biyomas tahmini sonucunda
%94 tinlin maksimum siirdiiriilebilir {iriinden daha az
stok yogunluguna sahip oldugu, Marmara Denizi’nde
sadece sardalya (Sardina pilchardus) ve istavrit
(Trachurus mediterraneus) tiirlerinin, Karadeniz’de
ise sadece c¢aga (Sprattus sprattus) tiliriiniin
maksimum siirdiiriilebilir iiriin smnirinda stoga sahip
oldugu tespit edilmis olup, mevcut stoklarimizdaki
tehlike acikca belirtilmistir. Ulkemizdeki gibi cok
tirli balikgilikta, balik¢ilik yonetimi kapsaminda
karar almak ve uygulamak tek ya da az tirld
balikgilik olan alanlardan daha zordur. Ulkemiz
denizlerinin neredeyse her biri birbirinden farkli
fiziko-kimyasal ozellikler gostermekte, farkl: kirlilik
seviyeleri icermekte, farkli kiltiirlere sahip insan
niifusu baridirmaktadir. Bu da ydnetimin biyolojik,
ekolojik ve sosyo-ekonomik yonlerinin de ele
almmast  zorunlulugunu  ortaya  koymaktadir.
Balik¢ilik  yonetiminde zaman yasaklar1 {ireyen
stoklar {izerindeki av baskisini azaltmaya yarayan bir
kontrol onlemi olarak bilinmektedir (Yildiz vd.,
2020). Ulkemizde ticari balik¢iligi diizenleyen teblig
stirekli giincellenmektedir, ancak ozellikle zaman
yasaklarinin  tiim denizlerde ayni ddnemlerde
uygulanmasi, belirlenen av yasagi doneminin hamsi
(Engraulis encrasicolus) tiiriiniin iireme donemine
gore ayarlanmig oldugunu diisiindiirmektedir. Hamsi
aveilign iilkemiz balikgiligi agisindan g6z ardi
edilemez, biiyilk bir paya sahiptir. Ancak her
denizimiz agisindan avciliktaki  Oncelik  hamsi
degildir. Ornegin Karadeniz i¢in uygulanan yonetim
bicimi dogru olabilir fakat Kuzey Ege Denizi’nde ve
Bati Marmara’da yogun olarak avlanan ve tercih
edilen sardalya (S. pilchardus) agisindan dogru
olmayabilir. Ciinkii girgir balik¢iliginin en yogun
gergeklestigi  kis mevsiminde, sardalya baligmin
iremesi en yogun olarak gerceklesmektedir. Bu
ylizden, balik¢ilik yoneticilerinin daha dogru karar
alabilmesi i¢in, biyolojik temelli yonetimdeki
eksiklikleri gidermek amaciyla ozellikle {ireme
biyolojisi ¢aligmalar1 ¢ok 6nemli hale gelmektedir.

Balik stoklarinin stirdiirtilebilirliginin
saglanmasinda balik biyolojisi agisindan en 6nemli
etkenlerden bir tanesi baliklara hayat evresi boyunca
en az bir kez iireme sansinin taninmasidir. Bu
bakimdan baliklarda ilk iireme boyunun ve yasmin
bilinmesi, bu boy ve yastan kii¢iik bireylerin
avlanmamas1 gerekmektedir. Bu baglamda, tiirlerin
ilk ireme boylarmin  bilinmesinin  ardindan
yonetimsel  anlamda  uygulanan en  etkili
yontemlerden biri tiirlerin ilk avlanma boylarinin
belirlenmesi ve kontroliidiir. Ulkemizde uygulanan
koruma o6nlemlerinden ilk avlanma boyu iizerine en
kapsamli arastirma Yildiz ve Ulman (2020)
tarafindan gerceklestirilmis, bu ¢alismada tarihten bu
giine ilk avlanma boylarinin nasil belirlendigi ve

hangi parametreler dogrultusunda degistigi detaylica
irdelenmistir.

Ayrica, juvenil baliklarin biiylime ve beslenme
alanlarmin koruma alani olarak belirlenmesi, ergin
baliklarin iireme donemlerinin dogru tespit edilmesi
sonucu zaman Yyasaklarmin dogru belirlenmesi,
degisen iklimsel sartlar altinda izleme g¢aligmalariyla
ireme zamanlarindaki degisimlerin zaman yasaklari
acisindan  silirekli g6z Oniinde bulundurulmasi,
iremenin yogun olarak gerceklestigi tespit edilen

ireme alanlarinin  ise  avciliga  kapatilmasi
gerekmektedir.
Ureme basarisi balik stoklarinin

stirdiirtilebilirliginin saglanmasi agisindan son derece
onemlidir. Baliklarin lireme basarisini saglayabilmesi
ise hem baliklar {izerindeki balik¢ilik Oliimiiniin
kontrolii hem de baliklarin yasam dongiisiiniin ve
tireme sekillerinin iyi bilinmesi ile miimkiin olabilir.
Kemikli baliklarda yasam dongiisii yumurtlama ile
baslar ve i¢ dollenme olduk¢a nadir goriiliir. Kemikli
balik yumurtalarinin biiyilkk c¢ogunlugu doéllenme
oncesi deniz ortamina birakilir, bunlara ovipar
(yumurta dokenler) denir. Bu tip déllenmede, erkek
ve disi bireyler birbirlerine yakin yiizerler ve disi
yumurtalarmi  erkek tarafindan birakilan sperm
bulutunun igerisine birakir. Sperm igerisinde bulunan
az konsantrasyondaki Ca ve Mg iyonlari, spermin
tuzlu suda bir saate kadar aktif kalmasim
saglamaktadir. Dollenen yumurtalar disiden bagimsiz
deniz ortaminda gelismeye devam eder. Yumurta
membrani bulunur ve embryonik gelisim besin kesesi
sayesinde gerceklesir. Bazi 6zel tiirlerde (deniz ati,
deniz ignesi vb.), yumurtalar serbest birakildiktan
sonra genellikle erkeklerin kesesinde saklanir.
Denizel ovipar tiirlerde fekonditenin oldukga yiiksek
oldugu bilinmektedir (Miller ve Kendall, 2009).
Ulkemiz kemikli baliklarmin biiyiikk ¢ogunlugu
pelajik yumurta iretirler. Pelajik yumurtalarin 6zgiil
agirhigr deniz suyunun ozgil agirhigindan disiik,
genellikle 1 mm ¢aptan kiigiik, seffaf, kiigiik besin
kesesine sahip, suda serbest (korunma 6zelligi yok),
yiiksek fekonditede (>1 milyon) ve genis alana
yayilan oOzellikler tasir. Demersal yumurtalarda ise
daha biyiik 06zgiil agirlik, daha opak ve renkli
yumurtalar, daha biiylik besin kesesi, diigiik
fekondite, yiiksek ebeveyn korumasi ve daha diisiik
alanda yayilma o&zelligi goriiliir. Ulkemiz denizel
kemikli baliklarindan demersal yumurtaya sahip
Belone belone, Chromis chromis, Spondyliosoma
cantharus  tirleri ile  Gobiidae, Blennidae,
Atherinidae, Gobiesoxiformes, Sygnathidae ve
Labridae familyalarina ait tiirler 6rek olarak
verilebilir.

Balik¢ilik yonetimi agisindan bir diger 6nemli
husus, tiirlerin tlireme stratejisinin  bilinmesidir.
Baliklarda yumurtlama bigimleri {i¢ farkli tipte
olmaktadir: Yasam dongiileri boyunca bir defa, iki-ii¢
yilda bir ya da yilda birkag defa olabilir. Gonadlar bu
dongiiler sirasinda farkli gekillerde bulunurlar.
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Kemikli baliklarin biiyiik bir bolimii iiremede
yillik bir ritim gosterirler. Ornegin, Trachurus
mediterraneus tiri yasami boyunca ve {ireme
doneminde ¢ok defa ve farkli zamanli yumurtlayan
(kismi yumurtlayici, belirsiz, asenkronize) bir tiir
olarak smiflandirilmaktadir (Demirel ve Yiiksek,
2013a). Bir disi baligin bir defada biraktig1 yumurta
miktar1 batin fekonditesi degeridir. Bir {ireme
sezonunda birden ¢ok defa yumurta birakan
asenkronize balik tiirleri i¢in ise iireme sikliginin yani
ortalama bir bireyin bir iireme sezonunda ka¢ defa
yumurta biraktigini tespit etmek, potansiyel goreceli
yillik fekonditenin tespit edilmesini ve bdylece o
tiirtin stoka katilim oran1 hakkinda fikir edinilmesini
saglar (Demirel ve Yiiksek, 2013a).

Yumurtlama ile baglayan ve juvenillerin stoga
katilimina kadar devam eden bu siirece ise baliklarda
erken yasam evreleri denir (Fuiman ve Werner,
2002). Erken yasam evreleri gelisim agamasina gore
farkli yazarlar tarafindan farkli gruplandirmalara
sahiptir (Tablo 1).

Kemikli baliklarda erken yasam evreleri stok
olusumu agisindan en fazla kayiplarin yasandigi
evredir. Bu yiizden erken yasam evrelerinin iyi
bilinmesi, bilylime ve beslenme alanlarmin iyi
korunmasi gerekir. Ergin baliklar {ireme amaciyla
genellikle kiyisal sulari, nehir agizlarinmi ve lagiin ve
hali¢leri tercih ederler. Bu alanlar larva ve
juvenillerin ~ zorlu fiziksel —ortamlardan uzak
kalabilecegi, besin miktarmin yiiksek oldugu ve
korunakli alanlarin  bulundugu alanlar olarak
bilinmektedir. Bu yiizden juvenil baliklar genellikle
kendi ergin stoklarindan farkli alanlarda dagilim
gosterir (Wake ve Hall, 1999). Balik tiirlerinin biiytik
c¢ogunlugu besinin bol oldugu ilkbahar sonu yaz
mevsiminin baginda irer. Bu mevsimde iireyen ve ilk
juvenil evresini yazin geciren tiirler hizlica gelisip
daha az kayip verirler. Ilk iiremeye kadar aldiklari
besinlerin tamamini kiitlesel biiylimeye aktarirlar.
Juveniller ilk yaz elde edecekleri hizli biiylime
sayesinde besin agisindan zorlu gegecek ilk kisg
sezonuna hazirlikli hale gelirler. Ureme gergeklestigi
anda artik juveniller ergin birey olarak adlandirilirlar
(Copp vd., 1999). Cinsel olgunluga eristiklerinde
aldiklar1 enerjiyi iireme ve biiylime faaliyetleri i¢in
paylastirirlar ve bilylime orani yavaslamaya baslar.

Ureme siireci ve basarist baliklarin  kendi
stirdiiriilebilirligini saglamasi agisindan 6nemlidir. Bu
baglamda her baliga avcilik karsisinda en az bir kez
iireme sansinin taninmasi, ilk iireme boyundan daha
kiiclik baliklarin avlanilmamas stok siirdiirtilebilirligi
acisindan hayati 6nem tagimaktadir. Cinsel olgunluga
erismis disi ve erkek bireylerde gonad olusumu
gozlemlenir. Disilerde yumurta iireten bir ¢ift gonad
ve erkek bireylerde sperm ya da seminal sivi iireten
bir ¢ift gonad bulunur. Bireylerin cinsel olgunlugunu
6lgmek i¢in gonad gelisim seviyeleri izlenir. Y1l boyu
gonad gelisimi izlendiginde, y1lin biiyiik boliimiinde
olgun olmayan gonadlar goriilmektedir.

Genellestirilmis ve ¢aligmalarda daha ¢ok tercih
edilen gonad gelisim evreleri makroskobik ve
mikroskobik gozlem sonucu genellikle 5 safhada
degerlendirilmektedir (Avsar, 2005) ve Tablo 2’de
gosterilmistir.

Dogal popiilasyonlarda esey orani 1:1 ile 1:3 arasi
degisim gosterir. Bazi balik tiirlerinde cinsiyet
degisimi olmaksizin yasam boyu bireyde ya disi ya
da erkek gonad goriiliir ve cinsiyet degisimi
yasanmaz. Bazi tiirlerde ise yasam siiresince cinsiyet
degisimi goriilebilir. Hermafroditizm, genetik olarak
programlanmis ya da sosyal gevrenin bir gdstergesi
olabilir ve yaygin olarak tropikal resif baliklarinda
goriiliir. Ulkemiz sularinda ise baz1 Sparid tiirlerinde
goriilebilmektedir. Bazi tiirlerde siirekli cinsiyet
degisimi  goriilebilir, bu  tiirler  senkronik
hermafroditler olarak isimlendirilir. Genellikle diisiik
popiilasyon yogunluguna sahip, disi ve erkek
bireylerin birbirlerinden mesafe olarak uzak oldugu
batipelajik ve mezopelajik tiirlerde goriilir. Bu
tiirlerde gonadlardan biri disi, digeri ise erkek gonadi
olup, 6z iireme goriilmektedir. Cinsiyetin disiden
erkege donmesine protojenik hermofroditizm denir.
Bu tip {remenin basarisi ortamdaki erkek
predasyonuna ve erkeklerin biiyiikligiine bagl
olmaktadir. Bireylerin erkekten disiye donmesine ise
protandrik hermofroditizm denir. Disilerin boyca ve
yasca bilylimesi nedeniyle daha fazla sayida yumurta
iretmesi ve erkeklerin daha fazla biiylimesinin stok
olusumu agisindan  bir  degisiklik meydana
getirmeyecegi durumda goriliir.

Ureme sekilleri, tipleri, davramslar1 gibi bilgiler
elde edildikten sonra, mevcut stoklarin iireme
basarisinin devamli izlenmesi gerekmektedir. Ureme
alanlari, ireme zamanlari, {ireyen stok biyomaslart
gibi konularda ¢aligmalar bolgesel bazda yiiriitiilmeli,
siirekli kayit altina almman datalar, meta analiz
siizgecinden  gegirilerek  yonetim  otoritelerinin
faydasina sunulmalidir.

Bu baglamda bu g¢aligmanin amaci, tlkemizde
dagilim gosteren denizel kemikli baliklarin {ireme
donemlerinin tek bir kaynakta toplanmasi, bilgi
eksikligi mevcut olan tiirlerin ortaya ¢ikarilmasi, elde
edilen sonuglara gore balik¢ilik ydnetim otoritelerine
etkin  ve  faydali  olabilecek  tavsiyelerde
bulunulmasidir.

Materyal ve Yontem

Bu c¢alismada Tirkiye denizlerinde dagilim
gosteren kemikli baliklara ait onceki calismalarda
belirlenmis, iireme sezonlar1 derlenerek bir araya
getirilmistir. Ureme sezonlar1 ergin balik iireme
biyolojisi ¢aligmalarinin sonuglarindan derlenmistir.
Yazarlarin  gonad gelisim sathalari ve GSI
(Gonadosomatik Indeks) degerlerini kullanarak tespit
ettikleri ireme sezonlar1 her bir tiir i¢in ayr1 ayr
bolgelere gore incelenerek bu listeye kaydedilmistir.
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Tablo 1. Kemikli baliklarin erken yasam evrelerindeki siniflandirilmasi (Kendall vd., 1984)

Sirt fplisi | St Ipligi f Tum yuzgeg | Juvenil viicut Ergin viicut
Kuyruk Besin irt Ipligt (Notokord) ormasyonu, pu oranlar1 oranlar1
.. Blastoporun 7 .. | Yumurtadan .| (Notokord) .... | Metamorfoz | olusumu baglamus, . 2 . >
Yazar Déllenme Gelisimi Kesesi Esnekligi pigmentleri ve pigmentleri ve
kapanmasi Cikis .. ... | Esnemeye Baglamig larval
Baglamig Tiiketilmis Sona gy davraniglari davraniglari
Baslamig . karakteristikler
Ermis kazanilmig kazanilmig
kaybolmus
Hubbs, 1943 Embriyo Prelarva Postlarva Prejuvenil
glslztrom ve Ball, Erken Orta Geg Prefeksion | Fleksion | Postfleksion Juvenil
Settle, 1943 Larva Postlarva

Tablo 2. Genellestirilmis gonad gelisim evreleri (Avsar, 2005).

Gonad Gelisim Evresi

Gonadin Gelisim Evresindeki Morfolojik Ozellikleri

Bu dénemde her iki eseyin sadece geng bireylerinde rastlanabilir ve ¢iplak gozle esey ayrimi yapmak olast degildir. Gonad, viicut

1. Evre Olgun Olmayan boslugunun sadece ¥4’ liik kismini kapsar. Disilerin ovaryumlari ince ve tiip seklinde olup saydamdir.

Erkeklerin testisleri ise beyazdir.
5 E Oleunl Basl Gonadlar viicut boslugunun %’ sinden daha azimmi doldurur. Disilerin ovaryumlari pembemsi olup saydamdir.

- EVIE guniasmaya Bagiamis Erkeklerde ise asag1 yukari simetrik olup beyazimsidir.

Ovaryumlar viicut boglugunun %:’iinii kapsar. Ciplak gozle eseyleri birbirinden ayirmak olasidir. Ovaryumlar pembemsi sar1 renkte ve
3. Evre  Olgunlasan o . . .

taneli goriinimlidiir. Testisler ise beyazimsi krem renkli ve yumusak dokuludur.

Ovaryum viicut boslugunun %:’sinden daha fazla yer kaplar. Ovaryumlar turuncu ya da pembe renkli olup gelismis kan damarlartyla
4.Evre Olgun . . .

cevrilmistir. Biiyiik, saydam ve olgun yumurtalar bulunur. Testisler beyazimsi krem renkli ve yumusak dokuludur.

Yumurtalar birakildiktan sonra ovaryumlar IV’ilincli donemle II’inci donem arasinda degisen durum arz ederler. Ovaryum ve viicut
5. Evre Bosaltmis boslugunun 3’linden daha azimi kapsayacak sekilde kiigiilmiistiir. Ovaryumda birbirine yapismis koyu renkli olgun yumurtalara

rastlamak olasidir. Koyu renkli ya da saydam ve sarkik goriintigliidiir. Testisler ise kanli ve sarkik gortiniigliidiir.
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Eger bilgi mevcut ise, calismada kullanilan tiirlere
ait boy aralii, cinsiyet orani, her bir g¢alisma igin
aylik GSI degerinin en yiiksek oldugu deger, ilk
iireme boyu ve fekondite verisi listeye kaydedilmistir.
Calisma bolgesi ve Orneklerin  temin edildigi
ornekleme metodu da listeye eklenmistir.

flgili alanda gerceklestirilmis onceki calismalara
Google Scholar, ISI Web of Science, YOK Tez
Merkezi ve Researchgate aramalart sonucunda
ulasilmistir. Bu amagla ilgili tiirlere ait ergin balik
gonadlarmin  kullanilarak ~ iireme  doneminin
belirlendigi c¢alismalarin sonuglar1 ele alinmistir.
Ureme sezonu listesi olusturulurken bilimsel
isimlendirmede, taksonomi siralamasi Bilecenoglu
vd. (2014)’e gore belirlenmistir. Taksonomik listede
yer alan tir isimleri Worms (World Register of
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ge Akdeniz  Karadeniz Marmara

Ureme Biyolojisi Cahsma Sayisi

Marine Species; https://www.marinespecies.org/)’da
belirtilen giincel sekilleriyle kullanilmistir.

Bulgular

Bu calismada gerceklestirilen literatiir taramasi
sonucunda, iilkemiz sularinda dagilim gosteren
kemikli baliklara ait {ireme biyolojisi iizerine
gerceklestirilmis 177 adet caligmaya rastlanmustir.
Calisma sayis1 agisindan Ege Denizi, Akdeniz,
Karadeniz ve Marmara Denizi’'nde sirasiyla 94, 46,
34 ve 15 calismanin gerceklestirildigi goriilmiistiir.
Caligma sahalarina gore ise en fazla ¢aligma sirasiyla
35, 15, 15, 13 ve 10’ar ¢alisma ile Izmir Kérfezi,
Edremit Korfezi, Trabzon-Rize kiyilari, Iskenderun
Korfezi ve Antalya Korfezi’nde gerceklestirilmistir
(Sekil 1).
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Korfezi kiyilari Korfezi Korfezi
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Sekil 1. Bolgelere ve alanlara gore iilkemizdeki ireme biyolojisi ¢aligsmalarinin sayisal dagilimlari
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Sekil 2. Familya bazinda {ireme biyolojisi ¢aligmasi gergeklestirilmis tiirlerin sayisal dagilimi

Bu caligmalarda, 41 familyaya ait 91 adet denizel
kemikli balik tlirliniin tireme biyolojisi bildirilmistir.
flgili galismalarda en fazla tiirle temsil edilen familya
12 tiir ile Sparidae’dir. Buna ilaveten Scombridae,
Mugilidae, Mullidae ve Gobiidae familyalar1 ise 6, 6,

5 ve S’er tirle diger en fazla tiirle temsil edilen
familyalar olmustur (Sekil 2). Tiir bazinda en fazla
caligilan tiirler ise 6’sar ¢alisma ile Merlangius
merlangus ve Mullus barbatus barbatus oldugu
goriilmiistiir. Bu tiirleri 5’er galigma ile Solea solea,
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Trisopterus minutus ve Pagellus erythrinus izlemistir
(Sekil 3). Lithognathus mormyrus, Scorpaena porcus,
Chelidonichthys  lucernus,  Serranus cabrilla,
Serranus hepatus, Trachurus mediterraneus, Mullus
barbatus ponticus, Mullus surmuletus, Upeneus
moluccensis, Chelon saliens, Mugil cephalus, Gobius
niger ve Citharus linguatula tirleri ise treme
biyolojisi en fazla ¢alisilan diger tiirler oldugu tespit
edilmistir. Tirlerin bolgelere gore dagilim alanlariin
ve bollugunun gergeklestirilmis ¢alisma sayisina etki
ettigi  tespit edilmistir.  Ornegin  Merlangius
merlangus tiriinde gerceklestirilen 6 calismadan 5
tanesi Karadeniz’de gergeklestirilirken, Trisopterus

minutus thriniin tim ¢alismalar1 Ege Denizi’nde
gerceklestirilmistir. Ureme biyolojisi ¢alisilan tiirler
arasinda 11 tiiriin indo-Pasifik orjinli lesepsiyen
tirler oldugu belirlenmistir (Saurida undosquamis,
Atherinomorus forskalii, Equulites klunzingeri,
Pomadasys stridens, Nemipterus randalli, Upeneus
moluccensis, Upeneus pori, Siganus rivulatus,
Sphyraena chrysotaenia, Cynoglossus sinusarabici
ve Lagocephalus sceleratus). Lesepsiyen tiirlere ait
19 calismanin gergeklestirildigi, bu calismalarmn 3
adedinin Giiney Ege, diger 15 adedinin ise Akdeniz
kiyilarinda gergeklestirildigi belirlenmistir (Tablo 3).
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Merlangius Mullus Trisopterus  Pagellus  Solea solea
merlangus barbatus minutus erythrinus
barbatus

Sekil 3. Ureme biyolojisi calismalarinin en fazla gerceklestirildigi tiirler ve sayisal dagilimi

Calisilan  tiirlerin - biiyik bir kisminin  trol
kompozisyonuna ait tlirler oldugu ve trol
orneklemesinden elde edildigi goriilmiistiir. Ozellikle
balik hallerinde ¢ok yaygin bulanan pelajik (hamsi,
sardalya tiirleri, uskumru, kolyoz, palamut vb.)
tiirlere ait oldukca az sayida c¢alisma oldugu tespit
edilmistir. Baliklarin lireme sezonlarinin
belirlenebilmesi i¢in yil boyu aylik Ornekleme
gerekmektedir. Bu tiirler girgir aveiligt ile temin
edilebildigi ve 15 Nisan ile 31 Agustos arasinda
Girgir ile balik istihsali yasak oldugundan bu tiirlere
ait lireme biyolojisi calismalarinin smirli oldugu
distiniilmektedir.

Bu derleme calismasinda ayni zamanda heniiz
giiniimiize kadar iireme biyolojisi ve iireme sezonu
belirlenmemis birgok ekonomik balik tiirii oldugu
tespit edilmistir. Ornegin Sprattus sprattus, Argentina
sphyraena, Micromesistius poutassou, Gaidropsarus
mediterraneus, Phycis phycis, Phycis blennoides,
Lophius piscatorius, Scorpaena scrofa, Scorpaena
notata, Pagellus acarne, Pagellus bogaraveo, Pagrus
pagrus, Spondyliosoma cantharus, Umbrina cirrosa
ve Sphyraena sphyraena gibi yaygin bulunan
ekonomik tiirlere ait iireme biyolojisi ¢aligmalarina
rastlanilamamistir (Tablo 3).

Ulkemizde ticari balikgiliga uygulanan zaman
yasaklar1  ile tlirlerin  {ireme  zamanlarinin
karsilagtirilmasi, ilgili tiirlerin siirdiiriilebilirligine
dogrudan etki etmektedir. Cizelge 1’de goriilebilecegi
iizere, bazi tiirler yaz mevsiminde, bazi tiirler kis
mevsiminde bazi tiirler ise tiim yil boyunca iireme
aktivitesi gergeklestirmektedir. Bunlar arasinda
siirdiriilebilirlik agisindan en tehlike altinda olan
tirler iremesi sadece kisin gergeklesen tiirlerdir.
Ulkemiz sularinda dagilim gosteren kemikli deniz
baliklarindan ~ kigin  ireyen tirlerin  Sardina
pilchardus, Gadiculus argenteus, Trisopterus
minutus, Lophius budegassa, Chelidonichthys
lucernus, Trigla lyra, Boops boops, Diplodus sargus,
Sparus aurata, Chelon ramada, Chelon labrosus,
Deltentosteus quadrimaculatus, Citharus linguatula,
Pleuronectes flesus ve Solea solea oldugu
goriilmektedir. Buna ilaveten {iremesi y1l boyu siiren
ve yogun iiremesi kisin gerceklesen ftiirlerin ise
Saurida undosquamis, Merlangius merlangus,
Merluccius merluccius, Lepidotrigla cavillone ve
Blennius ocellaris oldugu belirlenmistir. Ureme
biyolojisi ¢aligilmis listede yer alan diger 70 tiiriin ise
yaz sezonunda iiredigi goriilmektedir (Tablo 3).
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Tiir bazinda farkli bolgelerde gerceklestirilmis
calismalar incelendiginde, bolgelere gore iireme
sezonunun farklilik gostermedigi, ancak bolgelere
gore ortalama su sicakliklarmin degismesinden dolay1
iiremenin 1-2 ay Once baglayabildigi goriilmektedir.
Ornegin Trisopterus minutus, Zeus faber, Trachurus
trachurus, Boops boops, Mullus surmuletus ve
Spicara smaris tiirlerinde Ege Denizi-Marmara
Denizi ve Marmara Denizi-Karadeniz stoklar1
arasinda iiremenin gerceklesti§i aylara arasinda
bahsedilen durum goériilmektedir (Tablo 3).

Onceki calismalar incelendiginde 151 ¢alismada
cinsiyet oranlarinin verildigi gorilmistir.  Tir
bazinda cinsiyet orant 3 ve daha fazla caligmada
verilen tiirler lizerinde gergeklestirilen ki kare testi
sonrasinda cinsiyet oranlart arasinda fark olup
olmadig1t incelenmistir. Tirler arasinda sadece
Lagocephalus sceleratus tiirii i¢in tiim ¢alismalarda
erkeklerin orani digilerden yiiksek ¢ikmis (ort. d/e:
1/0,88), ancak bu farklilik istatistiksel agidan 6nemli
cikmamugtir. Diger tiirlerde ise cinsiyet oraninin ayni
tirin farkli bolge ve yillarda gerceklestirilmis
calismalarinda oldukca farkli oldugu tespit edilmigtir
(Tablo 3).

Gonadosomatik indeks degerleri 0,5 ile 31,8
arasinda degisim gostermistir. Tiir bazinda en yiiksek
GSI degerleri Mugil cephalus i¢in 31,8 (Akyol,
1999), Belone belone i¢in 27,5 (Samsun vd., 2006),
Pleuronectes flesus i¢in 20,9 (Giines vd., 2011) ve
Spicara flexuosa igin 20 (Dalgi¢ vd., 2021) degerleri
ile belirlenmistir. Diger yandan popiilasyon diizeyinin
kontrol altinda tutulmasi gereken Lagocephalus
sceleratus tiiriiniin ortalama GSI degeri 5 ¢alismanin
sonuglarina gore 3,96+1,62 olarak tespit edilmistir.
Ekonomik degeri yiiksek olan tiirlerin ortalama GSI
degerleri sirasiyla Solea solea igin 5,08+0,78, Mullus
surmuletus i¢in 1,62+0,18, Mullus barbatus igin
7,17+0,76, Merluccius merluccius igin 4,33+0,72,
Merlangius merlangus igin 6,36+0,62, Zeus faber
i¢in 2,53+0,66 ve Pomatomus saltatrix icin 5,66+1,64
degerleri ile hesaplanmigtir. GSI degerine ait bu

calismada yer alan tirler arasinda Onceki
calismalarda hi¢ veri bulunmayan tiirler ise
Epinephelus aeneus, Epinephelus marginatus,

Parablennius tentacularis, Thunnus thynnus ve
Thunnus alalunga tiirleridir. 161 ¢alismadan sadece
19 calismada GSI degeri 10°dan, 4 g¢aligmada ise
20’den yiiksektir (Tablo 3).

Bu calismada yer alan 91 tiirden 66 tiire ait ilk
eseysel olgunluk boyu (Lsg) tespit edilmistir. Lso
degeri belirtilmemis ekonomik tiirler ise Sardinella
aurita, Engraulis encrasicolus, Saurida
undosquamis,  Atherina  boyeri, Trigla lyra,
Epinephelus aeneus, Epinephelus marginatus, Boops
boops, Sarpa salpa, Diplodus puntazzo, Spicara
smaris, Mullus barbatus ponticus, Chelon ramada,
Planiliza haematocheilus, Chelon labrosus, Thunnus
thynnus, Thunnus alalunga, Xiphias gladius ve
Pleuronectes flesus tiirleridir. Tiir bazinda Lso

degerleri incelendiginde M. merluccius’un disiler igin
minimum 21,5 ecm TL ve erkek bireyler igin
minimum 225 cm TL hesaplanan Lsp degerleri
sirkiilerde belirtilen minimum avlanma boyu olan 20
cm TL boydan daha biiylik oldugu goriilmiistir. M.
barbatus barbatus tiiriinde ise 4 galismanin 3’{inde
hesaplanan Lso degerlerinin tim  cinsiyetlerde
sirkiilerdeki ilk avlanma boyu olan 13 cm TL’den
kiiciik oldugu goriilmiistiir. Benzer sekilde S. solea
icin 3 ¢alismanin ikisinde, T. mediterraneus ve D.
vulgaris tiirlerinde 2 calismanin 1’inde, Pagellus
erythrinus tiiriinde 3 calismanin 3’iinde hesaplanan
Lso degerleri sirkiilerdeki ilk avlanma boyundan
kiiciiktiir (Tablo 3).

Bu c¢aligmada yer alan 91 tiirden 40 tiire ait
fekondite bilgisine ulasilmistir. Ureme biyolojisiyle
alakali konulardan en az bilginin fekondite iizerine
oldugu anlasilmistir. Fekondite bilgisi onceki
caligmalarda gram bagina, toplam ve boy-fekondite
iligkisi seklinde verildiginden karsilagtirma yapmak
zordur. Ancak familya bazinda en yiiksek fekondite
rakamlarmin Mugilidae familyas1 iiyelerine ait
oldugu goriilmektedir (Tablo 3). Ureme stratejisi,
iilkemiz sularinda dagilim gdsteren stoklara ait en az
bilimsel bilginin mevcut oldugu alanlarm baginda
gelmektedir. Fekondite ile baglantili olan, iireme
siklig1 yani yillik yumurta verimliliginin belirlenmesi
lizerine ise yalmizca iki ¢alismaya ulasilmistir.
Demirel ve Yiiksek (2013b) sarikuyruk istavrit,
Trachurus  mediterraneus  tiriiniin ~ Marmara
Denizi’ndeki iireme sezonunda iireme stratejisini
arastirdiklar1 ¢aligmalarinda her 6.6 gilinde bir
iremenin gerceklestigini ve Mayis-Agustos aylari
arasinda toplamda 20 sefer iiredigini bildirmislerdir.
Cihangir (1996), ililkemiz sularinda dagilim gdsteren
bir diger ekonomik kiiciik pelajik balik tiirii olan
sardalya, Sardina pilchardus tiiriiniin Ege Denizi’nde
yer alan Edremit Korfezi, Izmir Korfezi ve
Bilyiikmenderes Deltasi’'nda Aralik, Ocak ve Subat
aylart arasinda sirasiyla 9.8, 8.0 ve 8.6 giinde bir
iredigini tespit etmistir.

Sonug¢ ve Oneriler

Ulkemizde ticari av araclar1 arasinda en fazla
istihsal gergeklestiren av araglar1 trol ve girgir
balik¢iligidir. Yonetimsel anlamda Tarim ve Orman
Bakanlig1 5/1 Numaral Ticari Amagh Su Uriinleri
Avciliginin - Diizenlenmesi Hakkinda Teblig’de
(TEBLIG NO: 2020/20) belirtildigi gibi iilkemizde
zaman yasaklar1 girgir ve trol avciligl  igin
Akdeniz’de 15 Nisan-15 Eyliil, diger denizlerde ise
15 Nisan-31 Agustos tarihlerinde uygulanmaktadir.
Tebligde belirtilen yasak donemi Cizelge 1°de
belirtilen 91 tiirden 70 adet tiiriin yaklagik iireme
donemine denk gelmektedir. Bu baglamda uygulanan
yasak donemi iilkemizde dagilim gosteren kemikli
deniz baliklariin biiyiik cogunlugunun
strdiirtilebilirligini koruma anlaminda uygun oldugu
diisiiniilmektedir.
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Tablo 3. Tiirkiye denizlerinde dagilim gosteren kemikli baliklarin iireme biyolojisi parametrelerine iligkin sonuglar
. .. .. Av - Boy « | Maks | Lso | Lso "
FAMILYA TUR YAZAR | YIL | BOLGE Saha yontemi | 7" [BY | Arang |G| Gsic | p* |Ex | F PERTIRT]
Erc\i/(()jgan 2010 Ege | EdremitKorfezi | Gurgr |1/131| FL | 87-143 | 55 | Subat
Cihangir | 1996 Edremit Korfezi Girgir 1/0,28 12 279.2
Sardina B - e o . ’
Clupeidae pilchardus Cihangir | 1996 Ege Izmir Korfezi Girgir 1/0,83 12,4 2248
Cihangir | 1996 Biiyiikmenderes Girgir 1/0,82 122 2336
Gicili 2007 Ege Edremit Korfezi | Satinalma | 1/0,77 | FL 8,0-14,9 5,4 Subat 121
Sardinella e o 72057
aurita Taylan 2016 Ege Izmir Korfezi | Satinalma | 1,25/1 | TL | 14,2-28,5 85 May1s +5037
Engraulidas Engraulis Ulunehir | 2007 Ege Edremit Korfezi Girgir 1,08/1| FL | 8,7-14,7 15 Mayis
encrasicolus | azgider | 2016 | Marmara Yalova Gwgir | 081/1| TL | 10,2-158 | 2,08 | Eylil
Yilmazve | 5007 | Akdeniz | Antalya Korfezi | Satmalma | 1,43/1 55 | Haziran
Hossucu
. Yoksel 2008 | Akdeniz
Saurida
undosquamis Kusadasi- Trol,
Svnodontid Torcu | 1995 | AKIENIZ | derun Grgir, | 9571 | FL | 13,029,0 | 7.47 | Agustos
ynodontidae ve Ege Arasi Fanyali ! ' ! ' 14226
as Aglar -65833
Yilmaz ve 2007 | Akdeniz | Antalya Korfezi | Satinalma | 0,72/1 7 Mayis
Synodus Hossucu
saurus . Babadillimani1 30070
Managsirli | 2008 | Akdeniz Kérfezi Trol 0,64/1 | TL | 10,7-31,0 12 | Temmuz 18550
Gadiculus : P
argenteus Ismen vd. | 2019 Ege Saros Korfezi Trol TL | 5,5-16,8 9,35 Ocak 8,94 L
oo . . Uzatma : 70919
Bilginvd. | 2012 | Karadeniz Rize Adt TL | 10,8-30,7 55 Haziran 146 | 139 | 11659
: . Karadeniz
Gadidae Ismen 1995 | Karadeniz Kiyilan Trol 1,33/1| TL | 8,7-31,2 147|125
Mazlum ve . . Uzatma
Merlangius Bilgin 2014 | Karadeniz Rize A 152/1| TL | 10,6-274 | 75 Subat
merlangus 5 inop-Gi
90U | Saglamve | 15 | aradeniz | SiNOP-Giresun | Uzatma |y ) | ) | q395 | g5 | Mart
Saglam arast Ag1
Ciloglu vd. | 2001 | Karadeniz | Trabzon-Yomra Trol 1,85/1 | TL | 8,2-28,4 5 Ocak
Goksungur Marmara 14582
ve Erdem 2005 | Marmara Denizi Trol 0,64/1 | TL | 9,6-24,7 53 Ocak 11220

*GSI=Gonadosomatik indeks, Max GSI= Gonadosomatik indeks degerinin maksimum oldugu ay, Lsy D= Disilerin ilk eseysel olgunluk boyu (cm), Lso E= Erkeklerin ilk eseysel olgunluk boyu (cm), D/E: Disi/Erkek

Orani, F= Fekondite,

Ureme sezonu,

Yogun ilireme sezonu
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Tablo 3’iin devamm

. .. .. Av - Boy «| Maks | Lso | Lso "
FAMILYA TUR YAZAR | YIL | BOLGE Saha Yéntemi D/E* | Boy Arah@n GSI GSI* D* | E* F
: [zmir
Tlkyaz vd. | 2018 Ege Kérfezi Trol TL | 5,7-20,5 8,5 Mart 13,3 | 12,6
Unlioglu | 2015 Ege Edremit Trol 1231 | TL | 52242 | 65 | Mart | 11,4
Korfezi
. Trisopterus | Torcu-Kog Edremit
Gadidae minutus vd. 2021 Ege Korfezi Trol 0,42/1| TL | 9,6-19,8 11 Subat
Metin vd. | 2008 Ege lzmir Trol 113 | TL | 10,6-248 | 13 Ocak | 133 | 125
Korfezi
Edremit
Burkay | 2016 Ege Korfezi Trol 042/1| TL | 9,6-19,8 | 10,8 Subat
. Izmir .
Tlkyaz vd. | 2018 Ege Kérfezi Trol TL | 5,2-455 5 Nisan 215 | 25,6
Merlucciidae | Merluccius | Kahraman | o417 | pjamarg | Mamara | Algamave |y zei0 | 1 | 104553 | 75 | Aralk | 29,9 | 225
merluccius vd. Denizi Uzatma Ag1
Soykan | 55152 | Ege Jzmir. Trol 10,89 | TL | 52-455 | 05 | Nisan | 21,5 | 25,7
vd. Korfezi
. Lophius - Saros
Lophiidae budegassa Yigmvd. | 2015 Ege Kérfezi Trol 157/1 | TL | 15,7-75,7 6 Ocak 58,8 | 42,5
Atherina boyeri Sezen 2005 Ege LHor.pa" 2,4-10,3 | 0,65 Ocak
.. agunu
Atherinidae Atherinomorus | Irmak ve Fethiye 964 +
forskalii Ozden 2020 Ege Kérfezi Olta 0,96/1 | TL 4,5-12 5,55 | Haziran 63.01
Belonidae Belone belone Samsun 2006 | Karadeniz Sinop Girgir ve 1191 | TL 29-58 27,5 | Temmuz | 38,8
vd. Uzatma Ag1
Akyol 2001 Ege Ege Kiyilar Trol 1,98/1 | TL 6,5-50 1,59 | ilkbahar
Zeidae Zeus faber - Saros
Ismen vd. | 2013 Ege M . Trol 16/1 | TL | 12,2-52,8 | 3,48 Subat 254 | 254
Korfezi
Hippocampus Taylan vd. | 2020 | Karadeniz Trabzon Satinalma | 0,93/1 | TL | 6,2-13,3 35 Yaz 6,9 6,2 119
hippocampus +27.25
. Syngnathus Giirkan Camalt: . !
Syngnathidae acus va. 2009 Ege L agiinii Igrip 1/058 | TL | 3,9-256 | 12,9 | Mayis 69 | 61 65
Syngnathus Taylan ve Candarl . : 48
abaster ark. 2018 Ege Kérfezi Igrip 1/0,84 | TL | 6,8-14,3 6,86 | Ilkbahar +14.09
B'ég;ﬂkve 2009 | Karadeniz Sinop Algarna 135/1| TL | 4,9-31,7 4 Haziran | 17,5 | 16,7
. . Trabzon- . 153500
scorpaenidae Scorpaena Sahin vd. | 2019 | Karadeniz Rize Trol 088/1| TL | 6,7-25,5 6,5 Haziran 195708
porcus Celik ve Canakkale < 324071
Bircan 2004 Marmara Bogazi Uzatma Ag1 | 1/0,98 58 Temmuz | 14,6 | 115 420220
Samsun ve . Samsun- <
Saglam 2018 | Karadeniz Giresun Uzatma Ag1 | 1/1,15 | TL | 6,3-22,5 3,9 Yaz
. Lepidotrigla | ; [zmir 3252
Triglidae cavillone Ilkyaz vd. | 2010a Ege Kérfezi Trol 1/0,73 | TL | 3,4-152 | 6,11 Subat | 10,55 | 10,55 1319
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Tablo 3’iin devanm

. .. .. Av - Boy «| Maks | Lso |Lso %
FAMILYA TUR YAZAR | YIL | BOLGE saha |y tomi | DB |BOY | Arang |GS| Gsix | Dr |Ex | F
Eryilmazve | o085 | pamara | Marmara Trol | 1991 | TL | 12,3415 | 1.1 Ekim | 18,97 | 185 ‘
Meri¢ Denizi
llhanve | 507 Ege izmirKérfezi | Trol | 1/052 | TL | 12-344 | 6,16 Mart 19 |17,7 I
Chelidonichthys | Togulga 9 mir ore : ' : '
Triglidae lucernus fsmen vd. | 2004a | Akdeniz IS?;‘;:;‘“ Trol  |139/1| TL | 80303 | 35 | Aralk | 20 | 18 | 59125 ‘
Cicekvd. | 2008 | Akdeniz Bal;?gfflgilam Trol | 1031 | TL | 14,8-39,2 5177061202 ‘
Trigla lyra Icemer vd. 2003 Ege Ege Kuyilar Trol 1,68/1| TL | 6,2-54,2 3,5 Sonbahar III
ilkyaz vd. | 2018 Ege izmir Korfezi | Trol TL | 6,9-245 | 2 Nisan | 9,86 J
serranus | Torcu-Kog | 2004 | Ege EK‘irref':Z'f Trol | 126/1| FL | 86-223 | 45 | Nisan | 15 I J
cabrilla flhan vd. | 2010 Ege | fzmirKorfezi | Trol TL | 74225 | 35 | Nisan | 132 | 132 ‘
Birim 2009 Ege izmir Korfezi | Trol FL | 9521 | 25 | Mays | 129 2869 J
Serranidae Soykanvd. | 2013 Ege [zmir Korfezi Trol TL | 3,9-123 5 Mayis 7,76
Sﬁerggi‘u‘f Yapicivd. | 2012 Ege | izmirKérfezi | Trol  [508/1| TL | 65-11,7 | 4 Mayis
Birim 2009 Ege [zmir Korfezi Trol FL | 6,3-11,9 3,6 Mayis 7,7
Epinephelus . - Adana
aeneus Gf)kge vd. | 2003 | Akdeniz YVumurtalik Satmalma
Eplne_phelus Ozen ve 2012 | Akdeniz Arjtalya_l Olta
marginatus Balci Korfezi
Gurgir,
Marmara Uzatma
Ceyhanvd. | 2007 | Marmara Denizi Agi, 1,38/1 | FL | 9,0-35,0 7 Temmuz | 25,4
Cevirme
. Pomatomus Ag1
Pomatomidae .
saltatrix Balvd. | 2018 | Marmara | “Lome® | Satmalma | 1091 | TU | 123473 | 83 | Temmuz
Marmara Marmara ve
Kalayci vd. | 2019 ve K . Satmnalma | 1,11/1 | TL | 12,9-26,3 1,7 Mayis
. aradeniz
Karadeniz
Avd Girgtr,
YANVE | 9012 | Karadeniz Ordu Uzatma |1,021| TL |6,9-19,02 | 6,18 | Haziran
Karadurmus -
c . Trachurus Agl, Olta
arangidae -
trachurus Ulunehir- Edremit
Aydinve | 2018 Ege remt Satinalma | 1,26/1 | TL | 11,5-16,7 | 4,3 | Haziran | 13 11139
Erdogian Korfezi
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Tablo 3’iin devanm

. .. .. Av - Boy «| Maks | Lso | Lso . Aylar
FAMILYA TUR YAZAR | YIL | BOLGE | Saha |yt o DIE* |Boy| il 1GSI | col | BV | EY | P G TTaedddae ol
Demirel Kuzeydogu - 10136
ve Yiiksek 2013b | Marmara Marmara Satinalma | 1,22/1 | TL | 13,5-19,5 55 Agustos | 12,2 | 12,5 +703
Sahin vd. | 2009 | Karadeniz Tr?g;‘;”' Satmalma |2,19/1 | TL | 9,2-190 | 24 | Agustos
- Trachurus
Carangidae - Torcu-Kog
mediterraneus ve 2019 | Marmara | Bandima | Gueiw, 1oy |1 | 95975 | 19 | Temmuz 2000
- Korfezi Algarna
Erdogan
Ulunehir- |57 Ege Bdremit | o nalma | 1,071 | TL | 101-167 | 44 | Haziran | 13 11017
Aydin Korfezi
. . Equulites Oziitok ve . Iskenderun y 2782
Leiognathidae Klunzingeri Avsar 2003 | Akdeniz Korfezi Trol 138/1| TL | 3,191 11 Agustos | 5,5 58 | . 2109
Haemulidae Pomadasys Ozbek | 2017 | Akdeniz | SKenderun | g lo7y1 | TL | 938183 | 98 | Nisan | 128 | 135 | 472
stridens Korfezi +369
Taylan ve [zmir
Bayhan 2015 Ege Kérfezi Satmmalma | 0,93/1 | TL | 11,3-27,9 49 008
. Saros Uzatma
Boops boops Cengiz vd. | 2019 Ege Korfezi A 0,66/1 | TL | 13,4-27,6 | 8,83 Mart
Soykan Izmir
vd. 2015b Ege Kérfezi Trol 1/357 | TL | 11,0-23,8
Sarpa salpa Bektas 2017 Ege Gokgeada | Satinalma | 1/1,08 | TL | 125331 | 25 Nisan
Dentex Soykan [zmir
macrophthalmus vd. 2015b Ege Kérfezi Trol 1/0,58 | TL | 3,9-21,3 2,5 | Temmuz | 10,83
. Saros 65000
Dentex Giil vd. 2014 Ege Kérfezi Trol 48/1 | TL | 8,9-25.2 6,5 | Temmuz | 13 | 158 -362000
maroccanus 123263
Taylan vd. | 2018 Ege Foca 1,47/1 | TL 3 Yaz 13,4 44586
Diplodus ; [zmir
Sparidae annularis Ilkyaz vd. | 2018 Ege Kérfezi Trol TL | 7,7-18,3 8 Mayis | 10,02 | 10,53
Soykan [zmir
Diplodus vd. 2015b Ege Kérfezi Trol 1/0,77 | TL | 7,5-19,0 15 Ocak 12,87 | 13,37
vulgaris fsmenvd. | 2019 | Ege | KuzeyEge | Satmnalma | 0.9/1 | TL | 13,829,6 | 2,75 | Aralik | 20,37 | 18,32 1136125741
Tiirkmen . Iskenderun
ve Akyurt 2003 Akdeniz Kérfezi Trol 0,99/1 | TL | 9,1-27,7 6 Mayis 139 | 134
Simervd. | 2014 | Akdeniz | BEYMEnek | Uzama 66| T 1131304 | 5 | Mays
agiinii Ag1, Tuzak
Lithognathus Reis ve Koycegiz Tlgf:;k'
mormyrus Ates 2020 Ege Lagiini Uzatma 1/0,79 | TL | 2,5-241 | 5,88 Mayis
Ag1
Uzatma ve
Emrevd. | 2010 | Akdeniz | BYMeNeK | Cpovan | 1841 | TL | 144264 | 65 | Nisan | 185 | 178
Lagiini Aglar
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. . - Av * Boy | Maks | Lso |Lso .
FAMILYA TUR YAZAR | YIL | BOLGE Saha Yontemi D/E* | Boy Aralig GSI GsI* | p* |E* F
Oblada . 117 075
melanura Dabanvd. | 2020 Ege Kuzey Ege Satmalma | 1,34/1 | TL | 13,8-29,6 | 6,84 | Haziran 18,83 | 18,97 + 93943
Sparus Beymenek Uzatma ve
P Emrevd. | 2009 | Akdeniz ymene Fanyali | 1/111 | TL | 106-365| 9 | Aralik
aurata Lagiinii Aslar
g 28,5
Pagellus | o ianvd. | 20150 |  Ege | izmirKorfezi | Trol 1028 | TL | 85202 | 15 | Temmuz
acarne ) ' ' ' ' 14,45 | 13,91
. Yapici ve Gokova o ~
Sparidae Filiz 2019 Ege Kérfezi Fanyali Ag | 1/043 | TL | 5,9-30,2 3 Mayis 119 | 1452
Metinvd. | 2011a Ege Izmir Kérfezi Trol 1/0,08 | TL | 4,5-27,8 2,7 Mayis | 113 | 1508
Pagel_lus Hossucu ve Edremit
erythrinus | Tirker | 2003 Ege remit Trol 3161 | TL | 7,7-228 | 35 | Agustos
Korfezi
Cakir 13
Baler | 2011 | Akdeniz | A2 | Suunalma | 2201 | TL | 11,6352
Korfezi
Diplodus - . . Sinop-Hopa . 428331.6
puntazzo Ozdemir 2019 | Karadeniz Arasi Satinalma | 1,32/1 | TL | 15,3-45,4 | 7,63 Eyliil 2084422
Spicara Cengiz 2019 Ege Saros Korfezi | Satmalma | 1/0,24 | TL | 8,7-18,1 58 Nisan 1:5’233?
MaeN& | Soykanvd. | 2010 | Ege | izmirKérferi | Trol | 1023 | TL | 75-20 | 75 | Mat |[q1151|1312
Yeldanvd. | 2003 | Akdeniz | Babadillimant | w0 goo1 | TL | 49147 | 35 | Mart
Korfezi
Centracanthidae ; . Dogu
Spicara | Sahinve | 1999 | Karadeniz | Karadeniz Trol | 1591 | TL | 11,1-22,5 | 125 | Mayis
smaris Geng
Kiyilari
Ercanvd. | 2006 Ege Kuzey Ege | Satmalma TL | 10,5-14,5 14 4;2,4594
Spicara . Rize-Hopa -
flexuosa Dalgig vd. | 2021 | Karadeniz Arast Satinalma | 2,2/1 | TL | 8,7-21,8 20 Haziran 12,41 | 13,01
. . Nemipterus | Yapici ve Gokova - ) -
Nemipteridae randalli Filiz 2019 Ege Kérfezi Fanyali Ag | 1/0,78 | TL | 6,9-23,0 55 | Agustos 12.86 | 15,35
— Sciaena Engin ve . Olta ve <
Sciaenidae umbra Seyhan 2009a | Karadeniz Trabzon Zipkin TL | 10,7630 | 13 | Agustos | ., 195
flkyaz vd. | 2018 Ege [zmir Korfezi Trol TL | 51-28,2 6 Mayis | 1233|1156
Balci ve . Antalya Uzatma
Mullus Aktop | 2019 | Akdeniz s g, 086/1 | TL
Mullidae barbatus Arslan ve
barbatus fsmen 2014 Ege Saros Korfezi Trol 1,76/1 | TL | 6,5-24,8 7 Mayis 121 | 119
- . Babadillimani
Ozyurtvd. | 2014 | Akdeniz Kérfezi Trol TL 45 | Temmuz 111 | 11,9
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. . » Av . Boy « | Maks | Lso | Lso * Aylar
FAMILYA TUR YAZAR | YIL | BOLGE Saha Yéntemi D/E* | Boy Aralig GSlI GsI* | D* |E* F PNEEVECEEEED
Mullus C'ng:‘cze 2000 Ege Edremit Kérfezi Trol 22/1 | FL | 95-18,7 | 2,25 | Temmuz
barbatus 1923
barbatus Metin 2005 Ege [zmir Korfezi Trol 1/1,15| TL | 8,0-20,5 4 Mayis 142 | 124 -13600
Yilmaz vd. | 2019 | Karadeniz Ké@?g;'z Satinalma | 1/05 | TL | 92192 | 65 | Haziran
Aydm ve - - - 31239.9
Mullus Karadurmus 2013 | Karadeniz | Unye Ordu Aras1 | Satinalma | 1,96/1 | TL | 6,4-21,5 9 Haziran +71785
barbatus Sahin ve Karadeniz
ponticus Akbulut 1997 | Karadeniz Kiyilan 1/0,84 | TL
Ciloglu ve . . 7.42- .
Akgiimiis 2019 | Karadeniz Rize Satinalma | 1/0,46 | TL 16,97 6 Haziran
Torcu-Kog e
vd. 2015 Ege Edremit Korfezi | Satmmalma | 1/1,73 | TL | 7,7-17,0 2 Temmuz
Mullus Agzﬁ’;n"e 2013 | Ege Saros Kérfezi Trol 1591 | TL | 9,6-268 | 1 Subat | 13,2 | 13,7
. surmuletus - -
Mulllidae ilhan vd. | 2009 Ege fzmir Kérfezi Trol 1,63/1| TL | 6,6-240 | 1,7 | Nisan
Ustiin 2010 Ege Edremit Korfezi | Satmalma | 1/1,73 | TL | 7,7-17,0 1,8 Temmuz | 9,5 9,8
- - P Uzatma 2231
Ozvarol vd. | 2010 | Akdeniz | Antalya Korfezi Al 2,86/1 | TL | 8,0-21,1 7 Temmuz | 11 11 139065
Ozyurtvd. | 2014 | Akdeniz | Bebadillimam | o) L 35 | Temmuz | 114 | 11
Korfezi
. . Iskenderun . F=
Upeneus Ismen 2005 | Akdeniz Korfezi Trol 1,07/1| TL | 7,0-17,8 35 Haziran | 11 11 0.0185L5%
moluccensis | vavd, | 1999 | Akdeniz | Kusadasi- Trol  |3041| FL | 85178 | 5 | Agustos
ve Ege | Iskenderun Arasi
Trol,
Akdeniz Kusadasi- Gargir, - 19714-
Torcu-Kog | 1995 ve Ege iskenderun Arasi Fanyali 2,73/1| FL 9,0-17,0 547 | Agustos 64452
Aglar
. . . Iskenderun . =
Upeneus pori Ismen 2006 | Akdeniz Korfezi Trol 1,11/1| TL | 7,0-17,0 6 Nisan 10 10 5 411154
Cepolidae Cepola ilkyazvd. | 2018 |  Ege fzmir Kérfezi Trol TL | 63516 | 6 Mayis | 31,07 | 34,69
macropthalma
Kasll“;"glu 2011 Ege Gokova Kérfezi 1/1,26 | TL | 154-480 | 08 | Agustos
Buhan 1998 Ege KLényg.l.Z
Mugilidae Chelon S
g ramada Hossucu 2001 Ege Giilliik Lagiinii | Fanyali Ag TL | 17,0-33,8 | 5,22 Kasim
Igrip,
Akyol 1999 Ege Homa Lagiinii | Kuzuluk ve | 1/0,21 | FL | 10,7-31,8
Kargili Ag
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. . = Av . Boy «| Maks | Lso |Lso - Aylar
FAMILYA TUR YAZAR | YIL | BOLGE Saha Yontemi D/E* | Boy Aralig GSI GSI* D* |E* F o ECEEEEGED
Beymenek Uzatma
Balik vd. | 2011 | Akdeniz L); iinii Agive 2,711 | TL | 20,0-33,3| 35 Mayis
gunt Fanyali Ag 23,3
Hogsucu | 2001 Ege Gillik Lagiinii | Fanyali Ag TL | 18,3-39,0 | 2,52 Haziran
Chelon saliens Iarip,
Akyol 1999 Ege Homa Lagiini | Kuzuluk ve | 1/0,41 | FL | 17,3-31,5 | 7,96 | Haziran
Kargili Ag 20
Buhan | 1998 | Ege Kéycegiz
Lagiinii
Planiliza Okumus
- ve 1997 | Karadeniz Trabzon Satmmalma | 1/0,9 | TL | 22,5-68,9 | 11,1 | Haziran 817,526
haematocheilus
Bagginar + 146,765
Hossucu | 2001 Ege Giillik Lagiinii | Fanyali Ag TL | 17,6-465| 7,9 | Agustos
Igrp,
Akyol 1999 Ege Homa Lagiinii | Kuzuluk ve | 1/0,79 | FL | 11,1-55,5 | 31,8 | Agustos
Kargili Ag 32
. Kasimogl /l;‘ﬁx{l;a\l{;
Mugil cephalus | e ~ | 2011 Ege | GokovaKorfezi | {55~ |084/1| TL 17,0505 | 4 | Temmuz
Yilmaz -
Aglan
Fanyali
Brgeneve | 1999 | Akdeniz |Akedl-Paradeniz | Aglarve |y 10, | £ | 150475
Kuru Lagiinii Uzatma
Aglar
Hogsucu | 2001 Ege Giillik Lagiini | Fanyali Ag TL | 20,0-35,0 | 2,52 Kasim
Chelon labrosus R—T
Buhan 1998 Ege Koyc.?g.l.z
Lagiinii
g - Sinop-Samsun . 320281
Chelon auratus | Bilginvd. | 2006 | Karadeniz ‘Arast Satinalma | 5,97/1 | FL | 14,7-40,0 | 3,78 Eyliil 244 | 259 | +69375
Trachinidae | Trachinusdraco | “XV€ | 2013 | Karadeniz | Po&u Karadeniz | oo o961 | T | 50.258 | 842 | Temmuz
Geng Kiyilari 12,01
Coker vd. | 2008 Ege [zmir Korfezi Trol 0,94/1| TL | 17,0-29,1 | 6,32 May1s
Uranoscopidae Urano,:,)copus Dogu Karadeni 16185
scaber ; z
Ak vd. 2011 | Karadeniz Kiyilar Trol 2,26/1 | TL 17,45 | Temmuz 1176 | 13.75 +1455
Blennius | oz vd. | 2018 Ege [zmir Korfezi Trol TL | 55165 | 6 Nisan
; ocellaris yazvd. 9 Zmir Rorfezl 9-18, 10,02 | 9,25
Blenniidae Parablennius Dogu Karadeniz
tentacularis Van vd. 2021 | Karadeniz Kiyilar Trol 1/0,47 | TL | 4,8-10,8
. Deltentosteus . B
Gobiidae quadrimaculatus Metin vd. | 2011b Ege Izmir Korfezi Trol 1/0,89 | TL 3,1-9,2 7,45 Subat 615 | 638
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. . « Av . Boy « | Maks | Lso | Lso * Aylar
FAMILYA TUR YAZAR | YIL BOLGE Saha Yontemi D/E* | Boy Aralig GSlI GSI* D* E* F PNEEVEGEE
Ilkyaz vd. 2018 Ege Izmir Kérfezi Trol TL | 3,8-16,3 6 Mayis | 11,42 | 11,09
Filizve 15509 Ege fzmirKorfezi | "OVV€ | 133 | TL | 51152 | 45 | Mart | 78
. . Togulga Olta
Gobius niger Bilgin ve
Onay 2020 Karadeniz Rize Trol 0,70/1 | TL | 2,2-12,1 | 8,557 Nisan 8,9 8,9
= Kirdar ve Marmara )
Gobiidae ismen 2018 | Marmara Denisi Algama |114/1| TL | 62-142 | 2 | Mayis | 9,38
Zosterisessor | Ay o) 2003 Ege Izmir Korfezi | Pinter TL | 80233 | 11,2 | Subat
ophiocephalus
Gobius Engin ve . . Olta ve 4322
paganellus Seyhan 2009b Karadeniz Rize Zipkin 1,24/1| TL | 5,0-14,1 6,5 Mart 55 5,2 £ 1109
Neogobius Engin ve . . Olta ve
platyrostris Seyhan 2010 Karadeniz Rize Zipkin 11,13 | TL 6 Mart 75 9,29 | 553482
Engin vd. 2020 Ege Gokova Korfezi | Satinalma TL | 10,8-26,1 9 Haziran
. i Siganus Soykan vd. 2020 Ege Gokova Korfezi | Satinalma | 1/1,27 | TL 9,0-26,1 75 Haziran | 16,6 | 16,8
Siganidae -
rivulatus isk Trol,
Ergenler | 2016 | Akdeniz Iskenderun Uzatma |045/1 | TL | 85-295 | 4.1 |Haziran | 139 | 14,1
Korfezi -
Agy, Olta
) Trol,
Sphyraenidae | SPPYraena |« i | 2016 | Akdeniz Iskenderun | Uzatma | o 671 | 7 | 140-349 | 976 | Agustos | 18,38 | 18,46
chrysotaenia Korfezi Agi,
Paraketa
Olta,
Scomber Cengiz | 2012 Ege Saros Korfezi | 2™ | 9/084 | TL | 138811 | 5 |Haziran| 18 | 18
colias Agy,
Girgir
Girgir,
Kahraman Karadeniz ve | Karadeniz ve | Dalyan ve Temmu
Sarda sarda vd. 2014 Marmara Marmara Uzatma 1/0,89 | FL | 17,7-63,0 11 7 425 | 36,8
Ag1
. Thunnus Karakulak . Akdeniz
Scombridae thynnus v, 2004 Akdeniz Kiyilan Gurgir | 1,17/1
Thunnus Karakulak . P 55,0-
alalunga v, 2011 Akdeniz Antalya Korfezi Girgir 0,95/1 | FL 1010
Buthynnus | Kahraman | 5508 | Axdeniz | Antalya Korfezi | O™ Ve | 1671 | FL | 430870 | 1.4 | €™M | 60
alletteratus vd. Paraketa z
Kahraman | 5410 | Akdeniz Akdeniz TrolVe |y 04 | FL | 340480 | 7.1 |Haziran | 35
. . vd. Kiyilari Paraketa
Auxis rochei Bok
C‘)’ra;e 2001 | Akdeniz | Egeve Akdeniz | Girgr | 1,011 | FL | 28,0-445
— Xiphias . . Kilig 87,0-
Xiphiidae gladius Aligl vd. 2012 Akdeniz Ege ve Akdeniz Teknesi 1,23/1 | FL 1885 10,1 | Mays
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. " » Av . Boy « | Maks | Lso | Lso * Aylar
FAMILYA TUR YAZAR | YIL | BOLGE Saha Yontemi | P/E* |BOY| Aranm || Gsi+ | pr | B | F P EEERIRE
Caproidae Capros aper Yalﬁ’ill‘;lz"e 2014 Ege Giiney Ege Trol 136/1 | TL | 35105 | 5 | Haziran | 6,69 | 6,69

Ilkyaz vd. | 2018 Ege {zmir Korfezi Trol TL | 4,9-26,5 25 Ekim
" Cf/rég'z 2014 | Ege | SarosKérfezi | Trol | 1042 | TL | 99-235 | 363 | Eylil | 150 | 14,0 521%59
Citharidae |'C " a:uls Daban Marmara
Inguatuia vd 2021 | Marmara Denizi Trol 1151 | TL | 75265 | 2,91 | Ekim | 16,7 | 17,6
Erdogan | 5000 | Ege Bdremit | o nalma | 1,020 | TL | 104209 | 35 | Kasm
vd. Korfezi
Lepidorhombus | Cengiz P . 56.859
boscii v 2015 Ege Saros Kérfezi Trol 1042 | TL | 109408 | 586 | Subat | 149 | 153 | 2> 08
Ervilm Trol ve
Scopthalmidae TYUMAZ | 5015 | Karadeniz | Bati Karadeniz | Kalkan 1/0,35 | TL | 14,0-70,0 | 1,62 | Mayis | 20,38 | 24,68
Scophthalmus | ve Dalyan Aglart
maximus i £
Sahinve | 5519 | Karadeniz Trabzon Trol 141 | TL | 162-792 | 17 | Mayis
Giines
ilkyaz vd. | 2017 Ege fzmir Kérfezi Trol 1157 | TL | 44-198 | 2,97 | Agustos | 11,88 | 11,41
Arnoglossus _ .
laterna Oziitok . Iskenderun 11932
- ve Avear | 2004 | Akdeniz Korfont Trol 08211 | TL 45 | subat | 66 | 67 | ;1520
othidae
Amtor?;fr’issus ilkyaz vd. | 2018 Ege izmir Kérfezi | Trol TL | 44125 | 2,75 | Nisan | 8,81 | 8,64
Arnoglossus Bilgin ve - - R .
Kessleri Onay 2020b | Karadeniz Rize Algarna 1/0,79 | TL 4,6-7,6 8 Haziran | 5,76 | 6,03
Pleuronectidae Plelfjlgosr&icms Giines vd. | 2011 | Karadeniz Trabzon Trol 098/1 | TL | 45-382 | 20,9 | Kasim i
B“%‘;Zﬂdm'”m flkyaz vd. | 2010b |  Ege fzmir Korfezi | Trol 10,7 | TL | 53-11,6 | 2,48 | Nisan | 812 | 7,89
Tiirkmen | 2003 | Akdeniz | Iskenderun Trol | /103 | TL | 88250 | 65 | Nisan | 152 | 14,8
Korfezi
Ce;:tr;‘$ve 2019 | Ege | Gillik Korfezi Fa/‘;y;“ TL | 156-30,4 | 325 | Eylil | 154 87000 -
Ersénmez Iskenderun Trol ve
Soleasolea | vo Omoum | 2018 | Akdeniz Korfort Uzatma | 1,06/1 | TL | 11,8-30,0 | 55 | Ocak |26,37 | 19,77
Soleidae yu A1
Thsanoglu | 5551 | Marmara | Marmara Trol 102 | TL | 90-320 | 2,19 | Aralik | 21,9
vd. Denizi
Kahrama Marmara Algarna,
2021 Marmara . Fanyali 1:1,18 TL | 11,1-295 Mayis | 21,5 | 18,6
nvd. Denizi <
Aglar
Ersonmez iskenderun Trol ve
Pegusa lascaris = 2018 | Akdeniz P Uzatma 1511 | TL | 10,8-19.9 | 7,5 Nisan | 13,23
ve Ozyurt Korfezi A
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. Cynoglossus - Babadillimani 3 7207
Cynoglossidae sinusarabici Yeldan vd. | 2006 | Akdeniz Kérfezi Trol 0,94/1| TL | 5,7-15,1 1,7 Mayis 69 | 68 | +4514
Balistes . . Iskenderun
Balistidae capricus Ismen vd. | 2004 | Akdeniz Kérfezi Trol 1/135| TL | 7,9-255 0,9 Mayis 13 13 | 103833
. Antalya Olta ve . 12,962
Aydin 2011 | Akdeniz Korfozi Satinalma 1,05/1 | TL | 12,5-65,0 | 11 | Haziran +889
Torcu-Kog
ve 2020 | Akdeniz | Mersin Korfezi | Fanyah Ag | 0,85/1 | FL | 14.9-67,6 1,3 Nisan
Erdogan
; Lagocephalus . . Antalya Fanyali Ag
Tetraodontidae |~ L o Zengin | 2014 | Akdeniz Korfent veTrol | 092/1| FL | 126535 | 29 | Mays
Ozbay 2015 | Akdeniz | Mersin Korfezi | Fanyali Ag | 0.88/1 | FL | 14.9-67.5 | 1,13 Nisan
Uzatma
Yildirim 2011 | Akdeniz | Finike Korfezi Agive 0.88/1 | FL | 16.9-63.5 | 3,47 Mayis
Paraketa

*GSI=Gonadosomatik indeks, Max GSI= Gonadosomatik indeks degerinin maksimum oldugu ay, Lsy D= Disilerin ilk eseysel olgunluk boyu (cm), Lso E= Erkeklerin ilk eseysel olgunluk boyu (cm), D/E: Disi/Erkek
Orani, F= Fekondite, . Ureme sezonu, .Yogun lireme sezonu
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Buna ilaveten, yukarida belirtilen ve iiremesi kis
mevsiminde gergeklesen tiirlerin siirdiiriilebilirliginin
saglanmasi i¢in ilave zaman yasaklar1 uygulanabilir.
Omegin sardalya (Sardina pilchardus) tiiriiniin
ihtiyoplankton yontemiyle Kuzey Ege Denizi’nde
ireme zamami haftalik olarak belirlenmis ve
iiremenin Kasim 15 ile Mart 15 aras1 gergeklestigi, en
yogun iiremenin ise 25 Aralikk- 1 Subat arasinda
gerceklestigi belirlenmistir (Daban ve Ismen, 2020).
Kuzey Ege ve Canakkale balik¢iligt agisindan son
derece dnemli olan bu tiirlin en yogun iiremesi, girgir
balik¢iliginin en yogun olarak gergeklestirildigi
doneme denk gelmektedir. Ulkemizde faaliyet
gosteren birgok girgir balikgr teknesi bu donemlerde
Enez-Biiyiikkemikli arasinda yogun bir sekilde
avlanmakta oldugu bilinmektedir. Buna ilaveten ortak
stoklar1 paylastigimiz Yunanistan’da Kuzey Ege
Denizi’nde Girgir Balikgiligi bu sebeplerden dolayi
Aralik 15 ile Subat 30 tarihleri arasinda yasaktir.

Kigin tiremesi gergeklesen diger 6nemli ekonomik
tirler ise karagdz, c¢ipura, dil baligi, peygamber
baligi, mezgitler ve kirlangiglar’dir. Bu tiirler ise
yogun olarak trol balik¢ilifi ile Ege Denizi’nden
yakalanmaktadir. Bu baglamda kis doneminde sadece
Ege Denizi’'nde uygulanmak tizere kismi bir trol
zaman yasagl da uygulanabilir. Trol balik¢ilig icin
serbest donem 1 Mayis tarihine kadar uzatilabilir.

Yildiz vd. (2020) Marmara Denizi’nde zaman
yasagmin uygulandigi donemde toplam avda %95
oraninda azalma saglandigi, genellikle ilkbahar-yaz
doneminde iireyen kiigiik pelajik baliklar i¢in zaman
yasagl doneminin verimli oldugu, buna karsilik
mezgit, Merlangius merlangus, peygamber baligi,
Zeus faber, eskina, Sciaena umbra, giimiis, Atherina
boyeri, ve kupez Boops boops gibi tiirlerin iireme
donemleriyle =~ zaman  yasaginin  Ortiismedigi
bildirilmistir. Bu bilgiler dogrultusunda Marmara
Denizi’nde demersal baliklart avlayan Algarna

balik¢iligi ve pelajik baliklar1 avlayan Girgir
balik¢ilig1 {izerine sadece Marmara Denizi’'nde
uygulanmak {izere kismi bir zaman yasagi
uygulanabilir.

Asir1 av  baskisi, mevsimsel farkliliklar gibi
sebeplerden dolayu tiirlerin iireme donemlerinde yillar
arasinda farkliliklar goriilebilir. Bu yiizden iireme
donemleri bilinen tiirlerin belirli araliklar ile tireme
donemlerindeki olasi degisimler balik¢ilik
yoneticileri tarafindan dikkatlice takip edilmelidir.
Buna ilaveten heniiz iireme donemleri hakkinda bilgi
sahibi olmadigimiz tilirlerin {ireme biyolojisi
caligmalar1 gerceklestirilmelidir. Ayrica, stoklarin
stirdiiriilebilirliginin saglanmasi adina, baliklara en az
1 kere ilireme sansi taninmalidir. Bu baglamda,
tirlerin ilk tireme boyunun bilinmesi ve bu boydan
daha kiigiik baliklarin kesinlikle avlanmamasi
gerekmektedir. Ulkemizde, 2016 yilindan itibaren
avlandigi rapor edilen ticari tilirlerin %77 sinin
sirkiilerde ilk avlanma boyu bilgisinin bulundugu, ilk
avlanma boyu verilerinin genellikle tiirlerin karaya

cikarillan av miktarlarinda yasanan ani diisiislerden
sonra giincellendigi, lifer, Pomatomus saltatrix,
bakalyaro, Merluccius merluccius, kilig bahgi,
Xiphias gladius ve palamut, Sarda sarda gibi tiirlerde
acilen ilk avlanma boylarinda artis giincellemesi
yapilmasi gerektigi bildirilmistir (Yildiz ve Ulman,
2020). Ayni ¢alismada tiirlerin ilk {ireme boyu
bilgisinin devamli takip edilmesiyle birlikte yasal
limit altindaki av kontroliiniin dogru
gerceklestirilmesi ve ilgili av araglarinin seciciliginin
dogru saglanmasi sonucunda ilk avlanma boyunun
cok verimli bir girdi kontrol yontemi oldugu ifade
edilmistir (Y1ldiz ve Ulman, 2020).

Aragtirmacilar, Ozellikle {ireme biyolojisiyle
alakali bilgi sahibi olunmayan tiirler iizerine
yogunlasip, balik¢ilik ydneticilerine gerekli bilgileri
sunmalidir. Balik¢ilik yoneticileri ise, sirkiilerde yer
alan  mevcut ilk avlanma boyu verilerini
gergeklestirilmis  ¢alismalart dikkate alarak
giincellemeli ve sirkiilerde ilk avlanma boyu ile ilgili
bilgisi olmayan ama ilk lireme boyu bilinen tiirleri
listeye eklemelidir. Av araglarinin segicilik 6zellikleri
smirhidir.  Ornegin  Girgir balikgihginda ag goz
genigligini arttirmak daha biiyilk boylu baligin
yakalanmasini garanti etmemektedir. Ciinkii agin alt1
biiziiliip power-block makaralar ile vertikal olarak
toplanirken ag goézleri kapanmaktadir. Bunun yerine
Girgir balikgiliginin ¢aligabilecegi minimum derinlik
smirt daha yukari ¢ekilebilir. Kiyisal ortamlar stoga
yeni katilan bireyler ve juveniller igin biiyiime,
korunma ve beslenme alanlaridir. Buna ilaveten
birgok denizel kemikli ergin balik yumurtlamak
amactyla kiyisal alanlari tercih etmektedir. Eger
Gurgir balikligr daha derinde gerceklesir ise aglar
dibe temas etmez ve baliklarin erken yasam evreleri
daha iyi korunabilir. Trol balik¢iliginda ise kare
g6zl ag kullanimi, daha bilyiik gozli ag kullanimi,
kagis pencereleri ve daha siki ve etkili denetim
faaliyetleri ile nispeten daha iyi secicilik saglanabilir.

Sonug olarak, ¢ok tiirlii-cok av aragli balik¢ilik
yonetimi agisindan 6nemli parametreler sunan iireme
biyolojisine ait eksik bilgiler vakit kaybetmeksizin
tamamlanmali, bu c¢aligmalar ilgili bakanlik
tarafindan arastirmacilara verilecek destekler ile
stirekli izlenebilir hale getirilmelidir. Kiiresel iklim
degisikligi ve insan kaynakli yapilarin agtig1
koridorlar nedeniyle yerlesik tiirler istilact tiirler
tarafindan baski altina girmekte ve yerlesik tiirlerin
habitatlar1 degigsmektedir.

Asirt  av  baskist sonucu stoklarin  boy-yas
dagilimlarinda meydana gelen degisimler, kiiresel
iklim degisimi nedeniyle deniz sularinin fiziko-
kimyasal yapisinda olugsan farkliliklar, denizel
ekosistemde besin zincirinin en altinda yer alan
birincil ireticilerden zincirin en st halkasinda yer
alan predatdrlere kadar tim canli yasamini
etkilemektedir. Bunun bir sonucu olarak tiirlerin
dagilim alanlari, bolluklari, {ireme alan ve zamanlari,
bliylime oranlart degisebilmektedir. Bu degisimleri
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daha yakindan takip etmek adina bilimadamlari
stirekli izleme caligmalar1 gergeklestirmeli, devlet bu
izleme  c¢aligmalarimi  zorunlu  hale  getirip
desteklemelidir. Denizel canli kaynaklar tilkenin milli
serveti oldugundan, kaynaklar siirdiiriilebilir kilma
adma balik¢ilardan balik¢ilik ydnetim otoritesine
kadar tim paydaslar lizerlerine diigen sorumlulugu
almalidir.
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Abstract: A single specimen of Priacanthus sagittarius Starnes, 1988 has been captured in the Iskenderun Bay
(Konacik, Turkey), at a depth of 80 m in February 2021. This species represents the second record from Turkish
waters and the first record from southeastern Mediterranean coast of Turkey. Besides, this species is the fifth
successive record from the. The presence of P. sagittarius in the Mediterranean coast of Turkey is evidently due
to migration from the Red Sea through the Suez Canal. On the other hand, available records show that this
species is gradually expanding its distribution in the Mediterranean.

Key words: Red Sea Species, Expansion, Suez Canal, Pricanthidae, Eastern Mediterranean

Priacanthus sagittarius Starnes 1988’un Tiirkiye'nin Giineydogu Akdeniz
Kiyisina Menzil Genislemesi

Ozet: Priacanthus sagittarius Starnes, 1988'in bir 6rnegi Subat 2021'de Iskenderun Korfezi'nde (Konacik,
Tiirkiye), 80 m derinlikten yakalanmistir. Arastirmamiz, Tirkiye sularindan baligin ikinci ve Tiirkiye'nin
Gilineydogu Akdeniz kiyilarindan da ilk kaydini ortaya koymaktadir. Ayni zamanda yaptigimiz kayit tiirlin
Akdeniz deniz sularindan besinci kaydini olusturmaktadir. P. sagittarus Tiirkiye'nin Akdeniz kiyisindaki varligi,
bu baligin da Siiveys Kanali yoluyla Kizildeniz'den Akdeniz'e gectiginin isaretleridir. Diger yandan mevcut
kayitlar, bu tiirlin Akdeniz’de dagilimini giderek genislettigini gostermektedir.

Anahtar kelimeler: Kizildeniz Tiirii, Yayilma, Suveys Kanali, Pricanthidae, Akdeniz Sulari

Introduction

The opening of Suez Canal in 1869, has provided
an important corridor for the bio-invasion of many
fish species from the Red Sea penetrating into the
Mediterranean Sea. In this way, many new alien
species began to invade the Mediterranean (Golani,
1998).

To date, four Priacanthid species were reported
from the Mediterranean; Atlantic bigeye, Priacanthus
arenatus Cuvier, 1829. Moontail bullseye, P. hamrur
(Forsskal, 1775), Elongate bulleye, P. prolixus
Starnes, 1988 and Arrow bulleye, P. sagittarius

Starnes, 1988. Although P. blotchi Bleeker 1853, a
fifth species, is known to live in the Red Sea (Golani,
Sonin, & Edelist, 2011), it has not been reported from
the Mediterranean waters until now.

Priacanthus sagittarius is distributed from the
Red Sea to Japan, including Australia and Samoa
(Starnes 1988). This species is a solitary fish which is
found in sheltered reefs, usually in caves or under
coral plates (Kuitar & Tonozuka, 2001) may also be
found in rocky habitats (Froese & Pauly, 2021).
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The first Mediterranean record of the arrow
bulleye P. sagittarius was reported by Goren et al.
(2010) from Israel coast (Ashdod) followed by a
second record from Haifa, Israel by Golani et al.
(2011). Later, P. sagittarus was recorded from the
Egyptian Mediterranean waters by Farrag et al.
(2016). The first report of P. sagittarius from the
Turkish seas was from Tasucu (Mersin Bay), in 2017
by Gokoglu & Teker (2018)..

In the present paper, we report the second
occurence of P. sagittarus from the Mediterranean
waters of Turkey. The current specimen represents
the fifth record from the Mediterranean Sea and the
first record from Iskenderun Bay (southeastern
Mediterranean Sea, Turkey).

23°20°'N

MEDITERRANEAN SEA

Material and Methods

One specimen of P. sagittarius Starnes, 1988 was
caught by a commercial trawler at a depth of 80 m on
February 24th, 2021 from Konacik (Iskenderun coast;
Figure 1). Identification of the collected specimen
was in accordance with the original species
description by Starnes (1988). The specimen was
deposited in the Department of the Marine Sciences,
Faculty of Marine Sciences and Technology,
University of Iskenderun Technical (Figure 2)
(MSM-PIS/2021-1).

Ethical Approval: The formal consent is not
required for this study.

BLACK SEA

A

Figure 1. Map showing the capture sites of Priacanthus sagittarus in Mediterranean Sea, ®, Previous record; A,
Konacik (Present study); 1, Tel Aviv, Israel; 2, Haifa Bay, Israel; 3, Alexandria, Egypt; 4, Tasucu
(Mersin Bay), Turkey; 5, Konacik (Iskenderun Bay), Turkey

Results

The collected specimen of P. sagittarus was 13.3
cm in total length (TL), 10.6 in standard length (SL)
and weighed 46.14 ¢g. The specimen had the
following features: Dorsal fin rays; X +13 anal fin
rays; 111 +14, pectoral fin rays; 16, gill rakers; 16 on
lower limb and and 3 upper limb of first arch, below
lateral line 33, above lateral line 17. Head length is
34.23% of standard length; body depth is 39.64% of
standard length; eye diameter is 34.21% of head
length; interorbital width is 21.05% of head length;
Distance from upper lip to orbit was 15.78% of head

length; distance from upper lip to origin of dorsal fin
was 29.73% of standard length; distance between
upper lip to origin of anal fin was 53.15% of standard
length; longest pectoral ray was 16.21% of standard
length; longest pelvic ray was 29.73% of standard
length; first dorsal spine was 8.11% of standard
length; second dorsal spine was 10.81% of standard
length and 63.15% of tenth spine; tenth spine was
17.12% of standard length; first anal spine 11.6% of
standard length; second anal spine was 13.1% of
standard length; body depth at sixth dorsal-fin spine
was 39.7% of the standart length.
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The color of the specimen was mostly light pink-

reddish; the body was rectangular and had large eyes.
The soft part of the dorsal fin was higher than the
spiny part. The upper edge of the dorsal fin was
spotted with black. There were black spots on the

anterior pelvic fin base. Lower margin of the anal fin
and the posterior part of caudal fin were blackish.
The previous reports of P. sagittarus from the
Mediterranean Sea are given in Table 1 together with
the findings of the present study.

. /“‘ ~ NS
. ‘j/!' #‘o :

Figure 2. The presently reported specimen of arrow bulleye Priacanthus sagittarus, captured (10.6 cm, SL) from
the Iskenderun Bay, Turkey

Table 1. Records of P. sagittarus from the Mediterranean Sea during the period 2009-2021

Number of . Sampling Depth SL
References Record Date samples Location Gear (m) (cm)
Goren et al. Ashdod,
(2010) 28 November 2009 1 Israel Trawl-net 40 114
Golani et al. 1 Haifa Bay,
(2011) 22 October 2010 Isracl Trawl-net 50 18.1
Egyptian
Farrag et al. coast,
(2016) 19 May 2015 1 Alexandria, Trawl-net 35 10.8
Egypt
ar w Mersin Bay
Gokoglu and 27 November 2017 1 (Tasucu), Bottom Trawl 100 20.0
Teker (2018) Turkey
Konacik
Present study 24 February 2021 1 Iskenderun Trawl-net 80 10.6
Bay, Turkey
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Discussion

Priacanthus sagittarius is a nocturnal species
occurring in its natural distribution range between 0
to 400 m (Golani, Sonin, & Edelist, 2011). Similarly,
Starnes (1988) reported that the species lives at
depths ranging from the surface down to 440 m. It
feeds commonly on zooplanktoon, cephalopods,
crustaceans and small fishes (Allen & Erdmann,
2012).

Although Priacanthus species are similar to each
other, P. sagittarus is different from P. arenatus, P.
blochii P. hamrur and P. prolixus by having the first
two spinous dorsal-fin membranes covered with
black blotches and the length of the second dorsal
spine was half of that of the tenth spine (Starnes,
1988). Besides, there fewer gill rakers in P.
sagittarius (19-22) than those of other Pricanthid
species, (P. arenatus 28-31; P. hamrur 24-26; and P.
prolixus 29-31; Starnes, 1988).

Previously, a specimen of P. sagittarius reported
from the Iskenderun Bay by Yapici & Hasbek (2018)
was misidentified. Later, Ergiiden et al. (2018)
reported that the misidentified species was P.
hamrur. Thus, there has been no record of this
species from the southeastern coast of thr
Mediterranean waters of Turkey.

P. sagittarius can reach a maximum SL up to 35
cm (Kuiter & Tonozuka, 2001). Goren et al. (2010)
and Golani et al. (2011) reported the SL of P.
sagittarus from the Israel coast for Mediterranean
waters as 11.4 cm and 18.1 cm, respectively. Later,
Farrag et al (2016) recorded that the standard length
was 10.8 cm in the Egyptian coast of the
Mediterranean Sea. Recently Gokoglu & Teker
(2018) stated that TL and SL of P. sagittarus from
the Mediterranean coast of Turkey were 25.5 cm and
20.0 cm, respectively. .

In the present study, our specimen was 10.6 cm in
SL which was close to the previous record from the
Egyptian Mediterranean waters but was smaller than
the other three specimens recorded by (Goren, Stern,
Galil, & Diamant, 2010) (11.4 cm, SL), (Golani,
Sonin, & Edelist, 2011) (18.1 cm, SL) and Gdkoglu
and Teker (2018) (20.0 cm, SL), from Ashdod and
Haifa (Israel) and Tasucu coast (Turkey).

The occurrence of P. sagittarus in the
Mediterranean Sea is most evidently due to migration
from the Red Sea via the Suez Canal (Goren, Stern,
Galil, & Diamant, 2010; Golani, Sonin, & Edelist,
2011). While a single specimen does not necessarily
indicate the existence of an established population in
Iskenderun Bay, the past and present records of two
Pricanthid species (Giirlek, Ergiiden, & Turan, 2017;
Ergiiden, Gurlek, & Turan, 2018) indicate the
eastward migration of the species in the
Mediterranean waters of Turkey.

In the present study, we report the presence of P.
sagittarius from the southeastern Mediterranean,
(Iskenderun Bay, Turkey). The presence of this alien
fish species on the Mediterranean coast of Turkey is
probably be due to penetration from the Red Sea
through the Suez Canal. As a result of climate change
and the tropicalization of the Mediterranean Sea, the
introduction of alien fish species into Turkish waters
(Turan, Erguden, & Giirlek, 2016) is accelerated and
thus contribute to the ichthyofaunal diversity of
Turkey.
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