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Keywords: Abstract: Population growth along with other factors such as industrial, agricultural, and urban

development, threaten freshwater resources in urban areas. Protecting urban water quality for

,CA:\CI'(\AE-V:/QI ecological balance, water security, and energy production is crucial. The water quality index (WQI)
nkara stream

provides an effective tool for assessing and managing water quality, and the Canadian Council of
Ministers of the Environment Water Quality Index (CCME-WQI) is one of the extensively used
method. In this study, the pollution status of the Ankara Stream which flows through the densely
populated Ankara was examined using physico-chemical parameters collected from five stations (S1-
S5), and the water quality status was estimated via CCME-WQI. The results revealed varying water
quality across different points on the stream. S2, located in a protected area, exhibited the best quality;
in contrast, S4 and S5, located downstream of a wastewater treatment plant, exhibited the poorest
quality. The consistency of these findings with the literature and the historical records of Ankara
Stream emphasize that the CCME-WQI can be used for the management of water resources with high
levels of pollution. This study contributes to sustainable water management practices and highlights
the need for advanced treatment techniques to control pollution in urban freshwater resources.

Urban water quality
Pollution assessment

Anahtar kelimeler: Su Kalite indeksi Kullamlarak Yiiksek Derecede Etkilenen Kentsel Bir

CCME-WQI Akarsuda Su Kalitesinin Degerlendirilmesi (Ankara Cay, Tiirkiye)
Ankara Cay1
Kentsel su kalitesi

Kirlilik degerlendirmesi

Oz: Niifus artis1 ile sanayi, tarim ve kentsel bolgelerdeki gelisim gibi gesitli nedenler, kentsel tath su
kaynaklarini tehdit etmektedir. Ekolojik denge, su giivenligi ve enerji iiretimi i¢in kentsel su kalitesinin
korunmasi yiiksek oneme sahiptir. Su kalitesi indeksi (WQI), su kalitesinin degerlendirilmesi ve
yonetimi igin etkili bir yontemdir ve Kanada Cevre Bakanhg1 Konseyi Su Kalite indeksi (CCME-
WQI), bu yontemlerin en yaygin kullanilanlarindan birisidir. Bu ¢aligmada, yogun niifuslu Ankara
sehrinin i¢inden akan Ankara Cayi'min kirlilik durumu, bes istasyondan (S1-S5) elde edilen fiziko-
kimyasal parametreler kullanilarak incelenmis ve su kalitesi CCME-WQI ile tahmin edilmistir.
Sonuglar, ¢ayin farkli noktalarinda degisen su kalitesini ortaya koymustur. Korunan alanda bulunan
S2, en iyi kalite degerine sahipken, atik su aritma tesisinin mansabinda bulunan S4 ve S5, en koéti
kaliteyi sergilemistir. Bu bulgular, Ankara Cayi’na ait ge¢mis veriler ve literatiir ile tutarlilik
gostererek, CCME-WQI'in yiiksek kirlilige sahip su kaynaklarinin y6netimi i¢in kullanilabilecegini
ortaya koymaktadir. Bu ¢alisma, siirdiiriilebilir su yonetimi uygulamalarina katkida bulunmakta ve
kentsel tath su kaynaklarindaki kirliligi kontrol etmek igin ileri aritma tekniklerine duyulan ihtiyact
vurgulamaktadir.

Introduction

Urban freshwater resources, an essential part of urban
ecosystems, are exposed to pollution due to increasing
population pressure. Apart from basic sectors such as
industry and agriculture, traffic and urban building are also
sources of water pollution. Urban water bodies are
deteriorated by diverse pollutants such as metals, organic
compounds and nutrients through rainfall and waste waters

*Corresponding author: aydogdu.hazal@gmail.com

from various sectors (Saravanan et al., 2021). Accumulation
of large quantities of pollutants in the waters, which exceeds
the water's carrying capacity, disrupts the natural ecosystem
of water and threatens all aquatic life and human health
(Satterthwaite, 2011). For this reason, it is crucial to study
and reduce water pollution, especially at the urban level.
Protecting water quality and safety, especially in densely
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populated urban areas, requires strict planning and
management in a broad framework (Hoekstra et al., 2018).

Good management of rivers plays a crucial role in
supporting the natural infrastructure by providing
ecological balance, as well as in issues related to drinking
and irrigation water and energy production for large
populations. However, simple and understandable data are
needed due to the interdisciplinary nature of communication
between stakeholders (Friberg, 2014). The usable water
quality information, supported by scientific and standard
methods, created using large-scale monitoring data and
reflecting the actual situation can be reached using Water
Quality Index (WQI) methods.

WQIs are optimized using specific statistical methods
and provide a clear representation of a large amount of data.
Therefore, they facilitate the use of data on water masses in
the basins where monitoring studies are carried out and
supply the knowledge for decision-makers to organize the
management of that watershed (Liou et al., 2004).
Additionally, they generally provide a rating for water
quality, and the provided information can be used in
managing water sources (Tyagi et al., 2013). CCME-WQI
is a model used to demonstrate and document water quality
in a more straightforward way (CCME, 2001). This model
can provide a precise analysis of water quality parameters.
CCME-WQI also tolerates missing data and provides many
advantages in cases where some data cannot be produced
due to setbacks in the field or laboratory. However, CCME-
WQI usually does not give a detailed evaluation of water
quality; instead, a broad overview of the ecological
capability of water is obtained (Yan et al., 2016). CCME-
WQI gives a single number for a location representing
numerous variables assessed in different seasons. The index
allows the user to select the parameters for more specific
reasons, making it flexible. Besides the advantages, the
information about individual variables and relationships
between variables can be lost when reduced to a single
number to determine the water class. Similarly, the index is
unsuitable for biological parameters; all parameters have
the same importance in the index, and CCME-WQI is
ineffective in separating the importance of parameters
(Terrado et al., 2010). Nevertheless, Canadian WQI is still
one of the most frequently applied indices, as it is easy to
use and gives inclusive and representative results.

CCME-WQI has also been used in European countries
that apply Water Framework Directive (Zotou et al., 2020;
Teodorof et al., 2021; Yotova et al., 2021). According to the
comparative evaluation of CCME-WQI and Water
Framework Directive (WFD) based quality estimation
method for Greece, it is stated that CCME-WQI is a
convenient tool for WFD implementation, especially
because it allows the addition of toxic pollutants to the
calculation procedure (Gikas et al., 2020).

Water quality estimation has been made for many years
in Tirkiye by applying water quality indices in lakes,
streams, ground waters and wetlands. Among these works
are the Universal WQI (UWQI), developed by Boyacioglu
(2007) and first used in the Tahtal: Reservoir Basin, and the

Lagoon WQI (LWQI), developed by Taner et al. (2011) and
explicitly designed for the Lagoon ecosystem. In addition,
international water quality indexes such as CCME, The
National Sanitation Foundation Water Quality Index (NSF-
WQI), Aquatic Toxicity Index, and Overall Index of
Pollution were also used to determine the biological and
chemical status of Kirmir Stream (Tunc Dede et al., 2013),
Aksu and Acisu Creek (Tunc Dede and Sezer, 2017; Uslu et
al., 2024), Karasu River (Alver and Bastiirk, 2019),
Melendiz River (Bastiirk and Alver, 2019).

Tiirkiye’s environmental problems and priorities
evaluation report from 2020 states that 35% of surface water
is Class 4 poorest quality, while only 26% of surface water
sources are Class 1 quality (Ministry of Environment and
Urbanization Report, 2020). Also, it is reported that
domestic and industrial wastewater, municipal solid wastes,
fertilizers and pesticides cause the most pollution. Ankara,
the capital of Tiirkiye, is one of the cities with freshwater-
related problems as its primary concern. High urbanization
and population increase lead to pressure and additional load
on Ankara’s main water treatment center, (Tatlar Central
Wastewater Treatment Plant, TWWTP) the intense stress on
the wastewater treatment plant results in the poorest quality
of water, Class 4. As a result, Ankara's urban greywater
footprint exceeds the assimilation capacity for total nitrogen
(TN), total phosphorus (TP) and ammonium, showing the
need for urgent action for an increase in the scope and
capacity of the plant (Kutlu, 2022).

The demand for freshwater is increasing in Ankara,
primarily due to population growth and socio-economic
development. In order to achieve a sustainable way of water
usage, innovative tools and accurate estimations of current
quality status should be used for water management
systems. This study aims to examine the pollution status of
Ankara Stream with various physico-chemical parameters
and to estimate water quality with CCME-WQI using 26
water quality parameters.

Material and Methods
Study area and sampling

Ankara Stream is formed by the merging of Cubuk
Stream and Hatip Stream in the Cubuk district. Incesu
Stream which receives the waters of Mogan and Eymir
Lakes, Ova Stream which passes through Miirted Plain, and
Haymana Stream flow into Ankara Stream. Ankara Stream
has a length of 140 km and 3153 km? of basin area (Figure
1). Ankara Stream merges with Sakarya River in Eskigehir.
Sakarya River is the third biggest river in Tiirkiye, with a
length of 720 km and a high flow rate with an annual value
of 12 billion m?. It covers an area of 7% of Tiirkiye’s land
before being discharged into the Black Sea (TUBITAK
MAM, 2013). Sakarya Basin, with 80 of 855 Urban
Sensitive Areas and 91 of 844 Nitrate Sensitive Areas, is
one of the most delicate areas in Tiirkiye regarding water
quality (GDWM, 2021). The water is polluted due to
excessive industrialization and agricultural activities in
large cities such as Eskisehir and Ankara (Akbulut et al.,
2022).
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The locations of the stations are given in Figure 1 and
Table 1. The samples from these stations were examined for
water quality parameters in the General Directorate of State
Hydraulic Works (SHW) chemistry laboratories. Water
samples were taken from various locations representing

potentially different pollution levels: S1 and S2 were far
from residential areas and S3, S4 and S5 were from more
polluted water bodies, close to residential and industrial
regions and a water treatment plant (TWWTP).
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Figure 1. The location of the Sakarya River Basin (A), the Ankara Stream Basin and other subbasins of the Sakarya River

Basin (B) and the locations of the stations in the An

kara Stream Basin-gray dots (C)

Table 1. The location and the coordinates of the sampling stations in Ankara Stream

Station number Station 1 Station 2 Station 3 Station 4 Station 5
Code S1 S2 S3 S4 S5
Latitude (N) 39°41'28.886"  40°10'55.688"  40°3'34.355"  39°56'18.000" 39°48' 53.317"
Longitude (E) 32°46'35.559" 33°1'6.214" 32°57"16.321"  32°29'21.700"  31°56'8.581"

Sampling was performed in five periods: February,
May, August, November 2019, and February 2020. Data
covering one year was used for the index calculations.
However, for Station 2, sampling could not be performed in
August 2019 and November 2019 due to the drying of the
stream bed. In the sampling process, the requirements of the
TS ISO 5667-6 were complied with (ISO, 2014).

CCME-WQI calculation

The index value, which results from three factors called
Scope, Frequency and Amplitude, provides a general
assessment of water quality with a value on a scale of 0-100.
Water quality status was determined according to a series of
calculations according to CCME (2001):

The percentage of parameters exceeding the limit values
relative to the total parameters:

Number of failed variables

Scope = F1 = * 100 (Eqg. 1)

Total number of variables

The percentage of failed tests to the number of tests
performed in all times:

__ Number of failed tests

Frequency = F2 * 100 (Eq. 2)

Total number of tests
And the amount of deviation of failed tests exceeding
the limit value was calculated in three steps:

a. Excursion is a value that shows the deviation of a
parameter from the limit value and was calculated with one
of the following equations, which was appropriate,

i. When the failed test value was over the limit value:

Failed test value

excursion = —1 (Eq.3)

Objective

ii. When the failed test value was below the limit value:

Objective

excursion = —1(Eq. 4)

Failed test value

iii. When test value was zero:
excursion = Failed test value (Eq. 5)

b. The collective amount of the deviation values of each
failed test was calculated as:

ST, execursioni

~ Total number of tests

nse

(Eq. 6)
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With these factors CCME-WQI score was calculated as
follows:

c. F3 was calculated by scaling the normalized sum of
the excursions from objectives (nse).

nse (Eq 7)

0.01nse+0.01

Amplitude = F3 =

FP+FZ+F}

CCME — WQI score = 100 — (Eq. 8)

1.732

Table 2. The parameters that are used for the CCME-WQI calculations with units, limit values and standards

Parameter Unit Limit Value Limit Source Analysis Method Standard
pH 6<=pH<=9 EQS pH Electrometric TS EN ISO 10523
EC puS/cm 400 EQS Conductivity Electrode TS 9748 EN 27888
DO mg/L O, >8 EQS Electrochemical Probe TS EN ISO 5814
BOD mg/L O, 4 EQS Electrochemical Probe STMD 5210
COD mg/L O, 25 EQS Open Reflux — Titrimetric STMD 5220B
Total Nitrogen mg/L N 3.5 EQS UV Spectrophotometric STMD 4500N
Ammonia Nitrogen mg/L NH,*-N 0.2 EQS lon Chromatography TS EN ISO 14911
Nitrite Nitrogen mg/L NO, 0.1 TS266 lon Chromatography TS EN ISO 10304-1
Nitrate Nitrogen  mg/L NO5;™-N 3 EQS lon Chromatography TS EN 1SO 10304-1
Tota! Kjeldahl mg/L N 0.5 EQS Distillation and Titration STMD 4500NH3
Nitrogen
Total Phosphorus mg/L P 0.08 EQS Colorimetric TS 7889
Sulphate mg/L SO, 250 EQS lon Chromatography TS EN 1SO 10304-1
Fl pg/L F~ 1000 EQS lon Chromatography TS EN ISO 10304-1
Cl mg/L CI~ 250 TS266 lon Chromatography TS EN 1SO 10304-1
Na pg/L 200 TS266 lon Chromatography TS EN ISO 14911
K mg/L 20 WHO02011 lon Chromatography TS EN ISO 14911
Se pg/L 10 EQS ICP-MS EPA 200.8
Cd pg/L 5 TS266 ICP-MS EPA 200.8
Ni ng/L 20 EQS ICP-MS EPA 200.8
Al ng/L 300 EQS ICP-MS EPA 200.8
An ng/L 5 TS266 ICP-MS EPA 200.8
As ng/L 20 EQS ICP-MS EPA 200.8
Cu ng/L 20 EQS ICP-MS EPA 200.8
Ba ng/L 1000 EQS ICP-MS EPA 200.8
Zn ng/L 3000 WHO02011 ICP-MS EPA 200.8
Co ng/L 10 EQS ICP-MS EPA 200.8

EQS (RSWQM, 2012), TS266: Drinking water standard limits (TS 266, 2005), WHO 2011 (WHO, 2011)
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The value obtained from the calculation was used to
make a classification according to the CCME guideline
(CCME, 2017; Khan et al., 2004). The five-level scale, as
defined by the CCME, were color-coded to make them more
coherent throughout the article. The following color codes
were assigned to CCME WQI values: blue for 95-100
(excellent), green for 80-94 (good), yellow for 65-79 (fair),
orange for 45-64 (marginal) and red for 0-44 (poor).

For the calculation of Ankara Stream CCME-WQI,
SHW provided the data. The parameters used in index
calculation were measured according to the standard
methods in Table 2. Since the calculation employs the
deviations of actual values from ecological quality
standards, Ecological Quality Standards (EQS) were used
as the primary source. Regulation on Surface Water Quality
Management (RSWQM, 2012) and Turkish standard, water
intended for human consumption (TS 266, 2005) were also
used. WHO Guidelines for drinking-water quality (WHO,
2011) were used for the parameters for which the national
guideline did not specify a standard value.

Results and Discussion
Chemical properties

The results of the 26 parameters tested in the water
samples taken from five stations and in five periods
covering one year were evaluated. The descriptive statistics
for analysed physico-chemical parameters are listed in
Table 3.

The pH values ranged between 7.5-8.75 throughout the
sampling period for all the sampling stations, meeting the
standard values given in the EQS. However, the
concentrations of pollutants such as nitrogen compounds
and heavy metals increased from stations S1 and S2 to S3
and eventually to S4 and S5. S1 and S2 were located
upstream, S3 is in the populated area, and S4 and S5 were
downstream of the Ankara Stream.

The DO concentrations were high at stations S1, S2 and
S3, and were sufficient to support natural freshwater
habitats. The annual mean values of DO from S1 to S5 were
9.51, 10.62, 8.37, 6.55 and 4.65 (mg O2/L), respectively. It
has been observed at all stations that DO concentrations
decreased in the summer months when temperatures were
high (Balls et al., 1996). Differences in upstream and
downstream O levels may be due to lower organic pollution
in rural areas.

COD and BOD showed a similar trend. The mean BOD
was 2.8 mg/L for S1, and it showed an increasing trend
towards the downstream, reaching up to 128.8 mg/L in S5.
The mean COD value for S5 was 164.5 mg/L, which
indicated the increasing trend downstream due to organic
pollution.

Nitrate (NOs) levels were the most affected by fertilizer
use. The nitrate concentrations were found as 6.48, 2.59,
3.09, 2.53 and 1.77 mg/L, from S1 to S5, respectively.
Higher nitrate levels indicated agriculture induced pollution
in S1 and S2.

TN and TP levels for all sampling stations were higher
than those reported for the environmental quality standards.
Except for S1, TP levels failed to reach the EQS value.
According to the Sakarya River Basin Action Plan prepared
by TUBITAK MAM, Ankara Stream Basin has severe
pollution load due to the high population in the region.
Ankara Stream Basin had 13% non-point and 87% point TP
load (TUBITAK MAM, 2013). Elevated levels of TN are
generally associated with sewage water coming from
households. The highest values reached up to 34.54 mg/L
downstream of the highly populated districts of Ankara.

Downstream of the treatment plant (S4 and S5), TP
content showed a dramatic increase. This increase may be
due to the industrial discharges and the treated municipal
discharges, which are rich in detergents. These stations are
located downstream of the densely populated area of the
river. Results indicated high TP and TN levels at S4 and S5
with a higher risk for eutrophication, revealing that
TWWTP is unable to reduce these pollutants. Therefore,
there is an urgent need for increasing the wastewater
treatment capacity and providing treatment in accordance
with environmental standards.

In addition to organic pollution, inorganic pollutant
concentrations at S4 and S5 are well above the standard
levels. It has been determined that heavy metals Cd, Ni, Al,
As and Cu increased significantly downstream of densely
populated areas and industrial zones. Heavy metals can be
poisonous to humans and other organisms, even in low
amounts (Qu et al., 2018). The maximum value of As (60.7
ug/L) was found in S1, and the values in S3, S4 and S5 were
also high. S1 is located at the inlet of Lake Mogan and high
As concentration resulting from agricultural and industrial
activities was identified as having the biggest contribution
to metal pollution in the creeks which fed the lake (Pulatsii
& Latifi, 2023a). Hence, it is essential to consider heavy
metals while determining the water quality status. For
example, excessive levels of Al (6054 pg/L) and Cd (669
ng/L) indicated the severity of impact. The elevated levels
of heavy metals are mainly caused by discharges from
industrial activities. Implementing and enforcing stringent
environmental regulations for industries and promoting the
adoption of cleaner technologies and sustainable practices
reduces industrial pollution in industrial areas. It is also
crucial to prevent industrial wastewater from being released
into the Ankara Stream without adequate treatment before
reaching the discharge points. Urban run off is also
considered as a major cause for heavy metal pollution
(Ghadiri et al., 2023).

CCME-WQI

The results of water quality index calculations are
shown in Table 4 and Figure 2. According to the table, the
water quality status of S1-S5 ranged between marginal, fair
and poor.
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Table 3. Descriptive statistics for the analysed physico-chemical parameters used in the CCME-WQI calculations (minimum, maximum, and mean values +standard
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deviations)
STATION 1 STATION 2 STATION 3 STATION 4 STATION 5

# Parameter Unit Min Max Mean + SD Min Max Mean. = SD Min Max Mean + SD Min Max Mean + SD Min Max Mean + SD
1 pH 8.04 8.75 8.32+0.26 7.87 8.1 7.97+0.1 7.53 8 7.88+0.17 7.35 7.96 7.72+0.18 7.35 7.82 7.54+0.06
2 EC uS/cm 235 2070 707+686 89 771 348+301 119 1395 908+430 119 1522 1000+587 91 1637 854+638

3 DO mg/L 6.87 10.88 9.51+1.40 9.44 12.29 10.62+1.22 4.49 10.8 8.3742.12 2.57 9.1 6.55+1.93 2.36 7.25 4.65+1.16
4 BOD mg/L 1 7 2.8+2.1 1 6 3.7+2.1 2 13 7+4.2 5 130 42.8+35.28 18 280 128.8+26.9
5 COD mg/L 8.12 14.09 10.56+2.28 10.21 10.6 10.41+0.2 11.36  23.65 14.94+5.05 11.36  240.39 110.56+92.81 28.98  331.37 164.50+44.27
6 Total N mg/L 3.44 11.65 7.09+3.42 2.2 3.86 3.26+0.75 4.23 9.35 5.89+1.87 343 40.85 19.96+13.24 343 40.85 21.09+6.96
7 NH; N mg/L 0.094 0.598 0.346+0.252 * * * 0.091  3.693 1.304+1.194 0.129  8.006 4.068+0.444 8.737 12.987 10.265+3.11
8 NO; N mg/L  0.074 0.517 0.296+0.222  0.078 0.472 0.275+0.197  0.051 2.656  0.805+0.479 0.051  0.76 0.373+0.335 0.042 0.76 0.237+0.016
9 NO; N mg/L 2959  10.548 6.48243.228  1.314 3.413 259440917  1.457 4091  3.092+0.906 0969  4.091 2.53+0.602 0969 2414 1.768+0.188
10 Kj;c(;::]ll N mg/L 0.17 0.61 0.47+0.16 0.3 0.73 0.48+0.18 0.19 4.64 1.99+1.75 0.19 39.86 18.36+13.85 0.26 39.86 19.39+7.05
11 Total P mg/L 0.014 0.115 0.054+0.034 0.166  0.287 0.222+0.05 0.172  0.802 0.355+0.232  0.172 1.254 0.593+0.563 0.193 1.703 1.24+0.254
12 SO, mg/L 43542 1159.94 803.65+304.81 71.86 106.76 85.25+15.36 69.86 110.51 90.55+13.3 79.14 223.62 130.82+50.35 79.14  236.04 155.15+16.4
13 Fl mg/L 0.48 2.16 1.03+0.58 0.15 0.36 0.23+0.09 0.17 0.38 0.28+0.09 0.17 0.58 0.33+0.09 0.36 0.58 0.44+0.06
14 Cl mg/L  221.58 554.5 387.78+136.66 47.09 352.62 152.47+141.59 69.14 182.44 121.37+43.5 78.74 157.88 121.82+41.25 78.74  185.87 127.69+37.16
15 Na mg/L 31158 980.4 648.584269.88  33.66 195.8 92.71+£73.15 62.72 153.26 102.94+34.28 74.28 188.63 125.05+46.36 74.28 188.63 136.92+22.34
16 K mg/L 2.65 9.44 6.34+2.40 5.51 11.04 8.65+2.32 8.21 15.69 12.48+3.46 10.72 15.69 13.26+8.39 9.74 32.02 16.12+7.34
17 Se ng/L 3.95 4.1 4.03+0.08 * * * ** Hx Hx il Hx *x 2.53 12.87 7.7+0.53
18 Cd ng/L ** *x ** ** *x ** * * * 5449  76.73 65.61+21.41 4.39 669.07 192.97+7.68
19 Ni ng/L 3.53 54.09 18.61+11.89 3.19 39 3.55+0.36 3.19 16.55 7.78+5.30 319 2225 12.6+6.22 19.41 35.04 26.59+23.99
20 Al ng/L 115.9 538.83  346.58+171.83 105.3 147.1 130.7+18.2 213.1 48196 328.27496.99  308.9 5357 3412+2330.86 649 6054 3287+1648
21 An ng/L ** i *x * * * * * * 0.44 0.73 0.59+0.16 0.36 0.71 0.5+0.14
22 As ng/L 8.53 60.74 26.94+23.93 4.69 6.12 5.6+0.65 328  46.28 14.35+£10.64 381 5471 18.94+12.93 11.65 59.48 39.73+12.68
23 Cu ng/L 1.62 107.98 34.37+24.75 13.23  23.92 17.48+4.63 8.44 23.47 14.59+6.26 8.44 67.32 29.59+16.59 30.87 67.32 48.49+25.19
24 Ba ng/L 72.48 160.27 115.17+33.88 117.2 170.8 143.1+21.92 72.05 116.7 95.79+18.62 72.05 121.58 97.18+25.72 97.13 176.28 128.55+34.54
25 Zn ng/L 18.47 143.27 80.68+50.95  30.92 103.46 61.05+30.86 36.7 6814  49.81+11.49 4535 1360  455.39+338.42 3237 264491 949.61+53.78
26 Co ng/L 0.83 0.89 0.86+0.03 0.4 0.55 0.48+0.08 0.39 0.87 0.62+0.17 0.55 2.44 1.12+0.75 1.36 422 2.56+0.93

Minimum, maximum and standard deviation could not be calculated at points with * insufficient data ** results below the LOQ
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Table 4. Factors and overall water quality values for the stations

Station F1 Scope F2 Frequency F3 Amplitude CCME-WaQl Status
S1 61.53846 31.66667 31.45197 56.10875 Marginal
S2 34.61538 17.80822 11.36856 76.58563 Fair
S3 42.30769 25.83333 29.94161 66.5635 Fair
S4 57.69231 42.5 86.1426 35.30601 Poor
S5 50 45.83333 87.44828 36.10265 Poor
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Figure 2. The color-coded water quality status for the sampling stations in accordance with the CCME-WQI scores

CCME-WQI values indicated “Marginal” quality in S1
which is located at the inlet of Lake Mogan. High values of
EC, Total N, SO4, Cl, Na, Al, As and Cu concentrations
showed severe pollution. It was reported that polluted
creeks flowing into Lake Mogan pose a risk to human health
(Pulatsii & Latifi, 2023b). S2, located within a protected
area, had a CCME-WQI score of 76.59, indicating a "Fair"
quality status and representing the best quality among the
sampling stations. Various measures were taken to
safeguard the water and natural ecosystem in the region,
which was designated as a protected area due to its
importance as a drinking and utility water source. This
region is a sensitive area where surface freshwater sources
are vital for drinking water supply. Stringent precautions are
taken to minimize anthropogenic impacts in sensitive areas,
as high nitrate concentrations may occur if no preventive
measures are in place (Biitiinoglu, 2018). S3 had a “Fair”
water quality. This station is located at Cubuk Stream, close
to a settlement where agricultural activities are also carried
out. High TP and TN values can also be associated with
these human-induced activities. S4 and S5 had “Poor” water
quality. S4 is located downstream of TWWTP, Tiirkiye's
largest wastewater treatment plant, which treats domestic
and industrial wastewater from Ankara city center using
activated sludge process and discharges it to Ankara
Stream. It has a daily treatment capacity of 765,000 cubic

meters (ASKI, 2020) but currently can not effectively
remove N and P (TUBITAK MAM, 2013). There is already
an upgrade plan to increase the capacity of the plant to about
1,377,000 cubic meters per day to serve a population of
approximately six million by 2025. S5 is located at Ankara
Stream before it merges with the Sakarya River. The
concentrations of EC, DO, BOD, COD, TP, TN, Cd, Ni, Al,
As and Cu in S4 and S5 were higher than EQS limits.
Consequently, organic and inorganic pollution continue to
remain high at S4 and S5.

Pollution levels observed at points along Ankara Stream
are in accordance with the historical data from earlier
reports (Kazanci and Girgin, 1998; Atici and Ahiska, 2005).
A recent study on Ankara Stream in 2018 estimates the
quality of water by using NSF-WQI (Durmus, 2021).
According to this study, the water quality status in the
upstream was determined to be Medium and Good in
different seasons. However, it was stated that the water
quality declined downstream and considered “poor”
(Durmus, 2021). While our findings agree with those of
Durmus (2021) in terms of consistency, it is important to
note that flexibility in the type and number of variables
chosen and allowance of the use of various quality standards
that can be selected according to the research purpose to test
water quality makes CCME-WQI a more reliable method
(Chidiac et al., 2023). In addition, including heavy metals
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has proven to be advantageous while dealing with polluted
waters. Interpreting pollution parameters with a single index
value provides a useful tool in terms of water management.

Conclusion

In this study, CCME-WQI scores were determined for
five stations on Ankara Stream to determine the water
quality. The results showed that the water quality status of
Ankara Stream was successfully estimated with WQI
method and revealed a decrease in water quality from
upstream to downstream, particularly in densely populated
and industrialized areas.

The index shows that the quality of the water bodies
highly varied depending on the location. S1 is located at the
inlet of Lake Mogan and showed marginal quality status.
Within a protected area, S2 has a higher score and maintains
better water quality due to reduced human impact. S3 has
also fair water quality but worse than S2 and this station is
near to residential areas. The poor quality status of S4 and
S5 stations, signals the need for urgent upgrades in the
treatment plant, especially for N and P. The findings also
align with previous research, emphasizing the ongoing
pollution challenges Ankara Stream faces.

In conclusion, population growth and rapid urbanization
increase  the water demand, and therefore, a
multidisciplinary approach and sustainable management
practices have become essential. Protecting and improving
urban water quality, especially in densely populated regions
such as Ankara, becomes necessary for ecological balance
and human welfare. Recent research trends in Tiirkiye focus
on water quality indices, and this study shows that
CCME-WQI can quickly and reliably estimate water
quality status for regulatory purposes, thanks to the
flexibility it provides in parameter selection and allowing
the use of quality standards that can be selected
according to the research purpose.
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Karaman heavy metals have the potential to cause serious harm to human health. The insufficient aquaculture
Heavy metal production of Karaman province has led to aquaculture products coming from different regions. No
Fish consumption previous study has been conducted on the metal levels of fish species from different ecological
Health risk assessment regions in Karaman province. In 2023, the muscle metal bioaccumulations and the possible health
ICP-OES. effects of consumption of eight fish species (bogue (Boops boops), European seabass (Dicentrarchus

labrax), European anchovy (Engraulis encrasicolus), red mullet (Mullus barbatus), rainbow trout
(Oncorhynchus mykiss), red porgy (Pagrus pagrus), gilt-head seabream (Sparus aurata) and
Mediterranean horse mackerel (Trachurus mediterraneus)) purchased from the local market were
investigated in Karaman province. Metal concentrations (As, Cd, Cr, Cu, Fe, Mn, Ni and Zn) were
determined by Inductively Coupled Plasma - Optical Emission spectroscopy (ICP-OES) and their
levels were compared with the maximum permissible limits of national and international regulations.
It was found that the mean concentrations of cadmium (Cd) in the Mediterranean horse mackerel
(0.060 mg/kg), bogue (0.063 mg/kg) and red porgy (0.171 mg/kg), and the mean concentration of
inorganic arsenic (iAs) in red porgy (0.233 mg/kg) exceeded the maximum permissible limits of the
regulations. Health risk assessment methods (Estimated Daily Intake, Target Hazard Ratio, Hazard
Index) have shown that the fish species examined are safe to consume.

Anahtar kelimeler: . .

Karaman Ilinde Tiiketilen Baliklarda Agir Metal Birikimi ve Insan Saghg:
Karaman Uzerindeki Etkileri
Agir metal

Balik tiiketim o S .. . . T
Saplik risk degerlendirme Oz: Agir metaller, ¢evrede birikebilme yetenekleri ile su ekosistemine ve balik tilketimi yoluyla da

ICP-OES. insanlara tasinabilirler. Biyolojik olarak par¢alanamadiklar1 igin agir metallerin insan saghgina ciddi
zarar verme potansiyeli bulunmaktadir. Karaman ilinin su iriinleri {iretimi potansiyelinin yetersiz
olmasi su triinlerinin farkli bolgelerden gelmesine yol agmistir. Farkli ekolojik bolgelerden gelen
balik tiirlerinin metal seviyeleri ile ilgili Karaman ilinde daha &nce bir galigma yapilmamustir.
Karaman ilinde 2023 yilinda yerel pazardan alinan halkin ¢ok tiikettigi sekiz balik tiiriiniin
(gbkkusagi alabaligi (Oncorhynchus mykiss), barbun (Mullus barbatus), ¢ipura (Sparus aurata),
hamsi (Engraulis encrasicolus), istavrit (Trachurus mediterraneus), kupes (Boops boops), levrek
(Dicentrarchus labrax) ve mercan (Pagrus pagrus)) kas metal biyobirikimleri ve tiiketiminin insan
saglig1 lizerindeki olas etkileri arastirilmistir. Metal konsantrasyonlart (As, Cd, Cr, Cu, Fe, Mn, Ni
ve Zn) Indiiktif Eslesmis Plazma - Optik Emisyon Spektrometresi (ICP-OES) cihaziyla
belirlenmistir. Tespit edilen metal konsantrasyonlart ulusal ve uluslararasi yonetmeliklerin
maksimum izin verilebilir limitleri ile kiyaslanmugtir. Inorganik arsenik (iAs) ortalama
konsantrasyonun mercan (0,233 mg/kg) baliginda, kadmiyum (Cd) ortalama konsantrasyonlarinin ise
istavrit (0,060 mg/kg), kupes (0,063 mg/kg) ve mercan (0,171 mg/kg) baliklarinda yonetmeliklerin
maksimum izin verilebilir limitlerini astigi bulunmustur. Saglik riski degerlendirme yontemleri
(Tahmini Giinliik Alim, Hedef Tehlike Orani, Tehlike indeksi), incelenen balik tiirlerinin tiiketiminin
giivenli oldugunu gostermistir.
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Giris

Artan diinya niifusunun ihtiyaglarn endiistrilesmedeki
bliyime ile karsilanmaya c¢alisilmakta, ancak asir
endiistrilesmenin ~ ¢evreye  ciddi  zararlar  verdigi
bilinmektedir (Tarley vd., 2001; Tokath ve Ustaoglu,
2021). Sanayi devrimi boyunca kirlilik giderek artmis ve
¢evrenin kendini yenileme imkani kalmamigtir (Glimiis ve
Bulug, 2020). Evsel atiklar, endiistriyel ve tarim
faaliyetleri sonucu g¢evrede birikime neden olan metaller
inorganik kirleticilerdir (Durmaz vd., 2017). Akuatik
ekosistemde bulunan metallar su, yem ve sedimentlerden
baliklara gegebilmektedir (Bosch vd., 2016; Dadar vd.,
2016; Tokatlh ve Ustaoglu, 2021). Bu transfer siireci
sebebiyle sucul besin zincirinin en tepesinde bulunan balik
cevresel kirliligin kontrolii amaciyla bir¢ok c¢aligmada
kullanilmistir (Durmaz vd., 2017; Loghmani vd., 2022;
Morgano vd., 2011; Zerizghi vd., 2020).

Balik insanlar tarafindan siklikla tiketilmekte ve
yiiksek kalitede protein, omega-3 yag asidi, ¢esitli vitamin
ve mineraller icermesi sebebiyle beslenmede 6nemli bir rol
istlenmektedir (Bosch vd., 2016; Loghmani vd., 2022;
Tuzen, 2009). Ancak endiistrilesmeyle birlikte artan ¢evre
kirliligi, balik tiiketiminin yararlariin yaninda bazi
sorunlart da beraberinde getirmektedir. Baliklarin
bulunduklar1 ekosistemdeki kirlilik sebebiyle tasidiklar
agir metaller, tiiketim ile insan viicuduna transfer olarak
insan saghigim olumsuz etkileyebilmektedir (Cui vd.,
2011; Bosch vd., 2016; Tirkmen vd., 2016). Bakir (Cu) ve
¢inko (Zn) gibi bazi agir metaller canlilarin varligim
siirdiirebilmesi i¢in esansiyel kabul edilse de belli bir
konsantrasyonun {iizerinde toksik etkiye sebep olabilirler.
Arsenik (As), kadmiyum (Cd) ve kursun (Pb) gibi agir
metallerin ise diisiik dozlar1 dahi insanlar i¢in toksik etkiye
sahiptir (Bosch vd., 2016; Varol ve Siinbiil, 2017, Yin vd.,
2020). Agir metal zehirlenmesi insanlarda kanser,
norolojik bozukluklar, ¢esitli hastaliklar ve hatta 6liime
sebep olabilmektedir (Loghmani vd., 2022). Bu sebeple;
baliklarin  igerdigi agir metal konsantrasyonlarinin
bilinmesi insan saghigma olumsuz etkilerinin ortaya
konmasi agisindan 6nemlidir (Qin vd., 2015; Tuzen, 2009;
Yin vd., 2020).

Diinya genelinde, hem denizlerde hem de tatli sularda
agir metal diizeyini belirleyebilmek i¢in insanlarin en gok
tikettigi canlilar tercih edilmektedir (Giimis vd., 2024).
Baliklarin  yenilebilir  kisimlarindaki agir metallerin
konsantrasyonlarinin belirlenmesi insan sagligi agisindan
onemlidir, c¢ilinkii kirlenmis baliklarin tiiketimi agir
metallerin  insanlara aktarilmasinin  baslica  yoludur
(Rajeshkumar ve Li, 2018). Yiksek agir metal
konsantrasyonlar1 iceren baliklarin insan sagligi i¢in ciddi
riskler olusturabilecegi iyi bilinmektedir. Saglik riskleri,
insan saglig1 risk degerlendirme ydntemleri kullanilarak
Olciilebilir ve degerlendirilebilir. Bu degerlendirmeler, agir
metal maruziyetinin potansiyel saglik etkilerini belirlemek
icin balik tiiketiminin miktar1 ve sikligi gibi faktorleri
dikkate alir (USEPA, 2021). Bu nedenle, son yillarda agir
metallere  maruz  kalan  baliklarin  tiiketiminden
kaynaklanan potansiyel saglik risklerini degerlendirmek
icin birgok c¢alisma yapilmistir (Almafrachi vd., 2024;

Prabakaran vd., 2024; Varol vd., 2022b; Varol ve Kagar,
2023)

Beslenme ve gida giivenligi agisindan, gidalarda
bulunan eser elementler ve agir metallerin tespit edilmesi
biiyiik bir oneme sahiptir. Atomik absorpsiyon
spektrometrisi (AAS), atomik floresans spektrometrisi
(AFS) ve ICP-OES gibi analitik teknikler gidalardaki
elementlerin tayininde yaygin kullanilan yontemlerdendir.
AAS ve AFS’den farkli olarak ayni anda birgok elementin
tayin edilebilmesi ve Ol¢timlerin yiiksek dogruluga sahip
olmast ICP-OES’in o6ne ¢ikan avantajlarmndandir
(Hongxing ve Yu-Kui, 2011).

Tiirkiye'de yapilan galismalarin birgogu birkag balik
tirtine odaklanmistir. Farkli balik tlirlerinde agir metal
birikimi kapsamli bir sekilde arastirilmamistir. Tiiketimle
ilgili risklerin daha iyi degerlendirilmesi igin ¢esitli balik
tiirlerinin analiz edilmesi dnemlidir. Hem sahil kentlerine
yakin olmasit hem de il bazinda 6nemli bir su iriinleri
yetistiriciligi ~ faaliyetlerinin ~ bulunmasi1  sebebiyle
Karaman’da ciddi bir balik tiiketimi oldugu bilinmektedir.
Bu c¢aligmada, Karaman ilinde satisa sunulmus halkin
beslenme aligkanliklarinda en ¢ok tercih ettigi ¢esitli tath
su, avcilik ve giftlik baliklarindan gokkusagi alabaligt
(Oncorhynchus mykiss), barbun (Mullus barbatus), ¢ipura
(Sparus aurata), mercan (Pagrus pagrus), kupes (Boops
boops), levrek (Dicentrarchus labrax), hamsi (Engraulis
encrasicolus) ve istavrit (Trachurus mediterraneus)
tirlerinin kas dokularinda agir metal (arsenik (As), bakir
(Cu), ¢inko (Zn), demir (Fe), kadmiyum (Cd), krom (Cr),
mangan (Mn) ve nikel (Ni)) igeriklerinin belirlenmesi
hedeflenmis ve insan saghg risk degerlendirilmesi
yapilarak ilimizde tiiketilen baliklarin insan sagligina
olumsuz etkilerinin var olup olmadiginin tespit edilmesi
amaclanmigtir (Akturfan ve Dage1, 2024; Kavak ve
Pekersen, 2022; Orhan, 2023).

Materyal ve Yontem
Orneklerin toplanmas ve analizi

2023 yilinda Karaman il merkezindeki balikgilardan,
belirlenmis her tiirden 5 adet balik 6rnegi satin alinmis ve
buz akiileri igerisinde laboratuvara  getirilmistir.
Arastirmada kullanilan her bir baligin toplam boyu £1 mm
hatali 6lgme tahtasinda, agirliklari ise disekte edilmeden
once analitik terazide (GR 200, AND, Japonya) olgiilerek
balik bilgi formuna kaydedilmistir. Baliklarin isimleri,
ekolojik kosullari, boy ve agirlik bilgileri Tablo 1°de
verilmistir. Yanal ¢izginin ist kisminda bulunan pullar
temizlendikten sonra baliklarin dorsal kismindan kas
ornegi alinmistir. Balik 6rnekleri analize kadar +4°C’de
buzdolabinda saklanmistir. Elemental analiz i¢in, balik
orneklerinden 50 ml’lik falcon tiiplerine (ISOLAB,
Almanya) yaklasik 0,5 g tartilmistir. Daha sonra tiipler
tizerine % 65’lik 5 mL HNOs (Merck, Almanya), 2 mL
H>O; (Sigma-Aldrich, Almanya) ve 3 mL ultra saf su ilave
edilmis ve ornekler mikrodalga (Mars 6, CEM, ABD) ile
¢oziindiirme islemine tabi tutulmustur. Mikrodalgadan
cikan Ornekler oda sicakligina sogutulduktan sonra, 110
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mm mavi bant filtre kagidindan (ISOLAB, Almanya)
stizilerek  falcon tiiplerine (ISOLAB, Almanya)
aktartlmigtir. Siizlintli son hacmi ultra saf su ile 20 mL’ye
tamamlanmigtir (Glimiis ve Akkoz, 2021; UNEP, 1984).

Coziindiiriilmiis balik 6rneklerinin igerdigi element
konsantrasyonlari (As, Cd, Cr, Cu, Fe, Mn, Ni ve Zn) ICP-
OES cihazi (Model 720, Agilent Technologies, ABD) ile
Olclilmiistiir.  Analiz  {i¢  tekrarli olacak sekilde
gerceklestirilmistir (DIN EN ISO 11885, 2009). Cihazda

elementler i¢in sirasiyla As 228,812 nm, Cd 228,802 nm,
Cr 205,560 nm, Cu 327,395 nm, Fe 239,563 nm, Mn
260,568 nm, Ni 216,555 nm ve Zn 213,857 nm
dalgaboylarinda 6l¢iim alinmustir. ICP-OES cihazi; RF
giicii 1,00 kW, dedektdor CCD, nebulizer gaz akis hizi 0,75
L/dk, Auxiliary gaz akis hiz1 1,5 L/dk, Plazma gaz akist
(Argon) 15 ml L/dk ve Nebulizer gaz akis1 0,75 L/dk
kosullarinda c¢alistirilmistir.

Tablo 1. Karaman ilinde incelenen balik tiirlerinin isimleri ve genel 6zellikleri

. Yetisme Agirhk
Balik Ismi Mensei Yasam E X Cevre Ll 57 2
alam Sekli (cm) (9)
Alabalik Gokkusagi . e
. K -Eregl Tatl Kilt Ag kafesl ,2-33, 290-4
(Oncorhynchus mykiss) onya-Eregli athi su ultiir g kafesler 30,2-33,8 90-430
Barbun Akdeniz Deniz Yabani Demersal 13,5-15,0 29,1-37,2
(Mullus barbatus)
Cipura Ege Deniz  Kiiltiir Agkafesler ~ 29,9-31,2  450-520
(Sparus aurata)
Hamsi . . . .. ..
I . . Karadeniz Deniz Yabani Pelajik-neritik 9,2-9,7  4,68-5,98
(Engraulis encrasicolus)
stavrit . Karadeniz Deniz Yabani Pelagjik-oseanik  11,7-14,2  11,9-26,3
(Trachurus mediterraneus)
Hpes Akdeniz Deniz  Yabani Yari pelajik ~ 17-20,3  47,8-75,3
(Boops boops)
Levrek
evre Karadeniz  Deniz  Kiiltiir Ag kafesler  33,1-34,7  470-550
(Dicentrarchus labrax)
M . . . ..
erean Akdeniz Deniz Yabani Bentopelajik 13,4-16  38,3-62,7
(Pagrus pagrus)
Analiz yapilan cihazin dogrulugunu kontrol etmek i¢in hesaplamalar1  (USEPA, 2019) asagidaki esitlikler

balik referans maddesi olan TORT-2 (Kanada Ulusal
Aragtirma Konseyi referans materyali) ile test ¢aligmalari
yapilmistir. Her metal konsantrasyonundaki geri kazanim
degerinin % 80-110 araliginda olmasi gerekir (AOAC,
2016). Analiz edilen referans madde degerleri, sertifika
degeri ile yakin bulunmustur. Hassasiyet dereceleri %95,1
ile %106,3 arasinda farklilik géstermistir. En yiiksek
hassasiyet derecesi Ni'de, en diisiik hassasiyet derecesi
Cu'da tespit edilmistir.

Calismada balik numunelerinden elde edilen Ol¢iim
sonuclari; Avrupa Komisyonu (EC, 2023), Avustralya ve
Yeni Zelanda Gida Standartlari (FSANZ, 2024), Cin Halk
Cumbhuriyeti Saglik Bakanligt (MHPRC, 2022) ve Tiirk
Gida Kodeksi (TGK) Bulasanlar Yonetmeligi (2023)
tarafindan belirlenen maksimum izin verilen degerlerle
karsilastirilmistir.

Insan saghg risk degerlendirmesi

Yetigkinler i¢in balik tiiketimi risk degerlendirmesi
tahmini giinlik alim (EDI) (Copat vd., 2013; Varol vd.,
2019), hedef tehlike oran1 (THQ) ve tehlike indeksi (HI)

kullanilarak yapilmustir.
EDI: Tahmini giinliik alim (Estimated Daily Intake)

MC: Balik dokularindaki metal konsantrasyonu (mg/kg
yas agirlik),

IR: Tiiketicinin giinliik balik tiiketim oran1 (g/giin),
BW: Yetiskin tiiketicinin ortalama viicut agirligt (70
kg).

MC * IRd
ED] = ————

BW

THQ: Hedef tehlike katsayisi (target hazard quotient)
EF: Maruz kalma siklig1 (350 giin/y1l) (USEPA, 1991),
ED: Maruz kalma siiresi (26 yil) (USEPA, 2011),

RfD: Metallerin oral referans dozu mg/kg/bw/day
(iAs:0,3, Cu:40, Cd:1, Cr:1500, Fe:700, Mn:140, Ni:20,
Zn:300) (USEPA, 2021),
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AT: Ortalama maruz kalma siiresi (365 giin/y1l x 26)
(USEPA, 1989),

IRd: Tiirkiye’de kisi basina diisen giinliik balik tiilketim
miktar1 (18,4 g/kisi/glin) (TOB, 2021)
__ EF*EDxIRd*MC
T RfD*BW*AT

THQ * 1073

Toplam THQ ya da HI (tehlike indeksi) olarak ifade
edilen deger calisilmis metallerin HI degerleri ile
hesaplanir.

HI = (THQ1 + THQ2 + -+ .....+THQn)

Arsenik formlar1 arasinda, sadece inorganik arsenik
formunun toksik oldugu ve toplam arsenigin %1-10'unu
olusturdugu belirtilmektedir (Kalantzi vd., 2019). Bu
nedenle, arsenigin inorganik formu dikkate alinmis ve
balik kasinda belirlenen toplam As'min %3'linii inorganik
As'l olusturdugu varsayilmistir (Copat vd., 2013; Varol
vd., 2022a).

istatistiksel analiz

Analize hazir olan tim numuneler 3 kez okutulup
ortalamalar1 alindiktan sonra metaller arasindaki iliskileri
tespit etmek icin Spearman korelasyon analizi, varyanslar
arasindaki farkliligin 6nem kontrolii igin ise tek yonlii
ANOVA kullanilmigtir. Spearman siralama korelasyon
katsayilar1 0,3’ten kiiciik ise c¢ok zayif iliski yada
korelasyon yok; 0,3-0,5 arasinda ise zayif korelasyon; 0,5-
0,7 arasinda ise orta diizeyde korelasyon; 0,7-0,9 arasinda
ise giliclii korelasyon; 0,9’dan biiyiik ise cok yiiksek
korelasyon oldugu kabul edilmistir (Mukaka, 2012).
Varyans ¢oziimleme sonuglari, Duncan ¢oklu karsilagtirma
testi  kullanilarak ~ p<0,05  Onemlilik  diizeyinde
degerlendirilmistir. Bu testler, SPSS 22 paket programi
kullanilarak yapilmustir.

Bulgular ve Tartisma

Bu ¢aligmada en yiiksek Arsenik (As) konsantrasyonu
9,366 mg/kg olarak mercan baliginda en disik As
konsantrasyonu 0,001 mg/kg ile alabalikta belirlenmistir.
Ortalama As konsantrasyonlar1 0,337-7,769 mg/kg
arasinda, ortalama inorganik arsenik degerleri ise 0,010-
0,233 mg/kg arasinda degisim gostermistir. Ortalama
inorganik As konsantrasyonlar:1 balik tiirlerine gore
yiiksekten diislige su sekilde siralanmistir: mercan (0,233
mg/kg), kupes (0,074 mg/kg), hamsi (0,067 mg/kg),
barbun (0,023 mg/kg), istavrit (0,016 mg/kg), cipura
(0,011 mg/kg), levrek ve alabaliktir (0,010 mg/kg) (Tablo
2). Inorganik As igerikleri bakimindan alabalik, barbun,
¢ipura, istavrit ve levrek Ornekleri arasinda anlamli
farklilik  bulunmamistir  (p>0,05). Hamsi ve kupes
orneklerinin inorganik As konsantrasyonlar1 da benzer
bulunmustur  (p>0,05). Mercan baligimin  ortalama
inorganik As konsantrasyonlar: istatistiksel olarak diger
baliklardan ayrilmis ve inorganik As miktar1 MHPRC
(2022) sinir degerinin (0,1 mg/kg) lizerinde bulunmustur.
Ancak mercan baliginin inorganik As miktar1 (0,233
mg/kg), FSANZ (2024) smir degerinin (2,0 mg/kg)
altindadir. Varol vd. (2019) barbun ve hamside ortalama

inorganik arsenik degerlerini MHPRC (2013) simur
degerinin (0,1 mg/kg) lizerinde tespit ettigini bildirmistir.

Kadmiyum (Cd) suda ¢oziinme yetenegi fazla olan
Cd*? iyonu halinde canlhlarin biinyesine girebilen bir
elementtir. Cd canlilar i¢in ihtiya¢ duyulan bir element
olmamakla beraber diisiik konsantrasyonlarinda bile toksik
etki gosterebilmektedir (Aktop ve Cagatay, 2020).
Calismada, ortalama Cd konsantrasyonlart 0,024-0,171
mg/kg araliginda bulunmustur (Tablo 2). Bu calismada en
yiksek Cd konsantrasyonu 0,198 mg/kg olarak mercan
baliginda en diisiik Cd konsantrasyonu 0,010 mg/kg ile
barbun baliginda tespit edilmistir. Mercan baliginda tespit
edilen Cd miktarinin istatistiksel olarak anlamli derecede
farkli oldugu belirlenmistir (p<0,05). Zyadah ve Chouikhi
(1999) mercan baliginda ortalama Cd degerini 0,2 mg/kg
bulmustur. Giiltiirk (2021) barbunda Cd konsantrasyonunu
0,022 mg/kg bulmustur. Varol vd. (2019) istavrit baliginda
Cd degerini 0,0093 mg/kg bulmuslardir. Mercan baliginda
ortalama Cd konsantrasyonlar1 EC (2023) smir degeri
(0,05 mg/kg), MHPRC (2022) sinir degeri (0,1 mg/kg) ve
Tiirk Gida Kodeksi (TGK) Bulasanlar Yonetmeligi (2023)
sinir degerinin (0,05 mg/kg) iizerinde bulunmustur. Istavrit
ve kupes baliklarinin ortalama Cd miktarlar1 ise EC (2023)
siir degeri (0,05 mg/kg) ve TGK (2023) sinir degerinin
(0,05 mg/kg) tizerinde bulunmus iken MHPRC (2022)
sinir degerini (0,1 mg/kg) asmamustir.

Krom (Cr) toksik agir metallerden biri olarak kabul
edilmekte ve su girisinin g¢esitli hastalik etkilerine neden
oldugu bilinmektedir (Asikkutlu vd., 2021; Sai Bhavya
vd., 2019). Ortalama Cr konsantrasyonlart 0,163-0,860
mg/kg arasinda degisim gostermistir (Tablo 2). En yiiksek
ortalama Cr miktart (0,860 mg/kg) istavrit baliginda tespit
edilmis olup, bu degerin diger baliklardaki Cr
konsantrasyonundan anlamli bir farklilik gosterdigi
gorilmiistiir (p<0,05). Guérin vd. (2011), Fransa’daki
marketlerden temin edilen 32 farkli balik tiirliyle yaptiklar
calisgmada ortalama krom seviyesini 0,06-0,57 mg/kg
arasinda bulmuslardir. Fallah vd., (2011) gokkusag:
alabaliginda ortalama Cr degerini 0,14 mg/kg olarak tespit
etmislerdir. Varol vd. (2019) gokkusagi alabaliginda
baliginda Cr degerini 0,033 mg/kg olarak belirlemislerdir.
Tiirkmen vd. (2009) istavrit baliginda Cr degerini 0,5
mg/kg bulmuslardir. Caligmada analiz edilen baliklarin
ortalama Cr konsantrasyonlari MHPRC (2022) sir
degerinin (2,0 mg/kg) altinda bulunmustur.

Bakir (Cu) karasal ortamlarda ve ylizey sularinda
bulunabilmektedir. Belirli miktarlarda bulunan bakir
zehirli degildir. Agir1 alinmas1 durumunda sagliga zararl
olabilmektedir (Giiler ve Cobanoglu, 1997). Balik
orneklerinin ortalama Cu konsantrasyonlart 0,115-0,959
mg/kg arasinda degisim gostermistir (Tablo 2). Hamsi ve
istavrit Orneklerinin ortalama Cu miktarlarinda diger
tirlerden anlamli derecede farklilhik tespit edilmistir
(p<0,05). Alabalik, barbun, c¢ipura, levrek ve mercan
baliklar diisiik Cu igeren grupta (0,115 — 0,386 mg/kg) yer
alirken, hamsi ve istavrit ise yiiksek Cu iceren grupta
(0,834-0,959 mg/kg) yer almistir. Kalyoncu vd. (2012)
Karacadren Baraj Goli’'nde ve Giimiis ve Akkoz (2021)
Eber Goli’'nde yaptiklari calismada Cu
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konsantrasyonlarin1 en yiksek 1 mg/kg bulmuslardir.
Korkmaz vd. (2019) Kuzeydogu Akdeniz bdlgesinde

yaptiklar1 ¢aligmada balik tiirlerinde ortalama Cu
konsantrasyonlari 0,006-0,74 mg/kg arasinda
bulunmustur.

Cogunlukla hayvansal gidalardan elde edilen demir
(Fe) insan sagligt i¢in gerekli bir metaldir. Bazi
durumlarda antropojenik etkilerden dolay1 toksisiteye
rastlanir (Ciftei vd., 2021). Ortalama Fe konsantrasyonlar1
3,346-12,791 mg/kg arasinda degisim gostermistir (Tablo
2). Barbun ve hamsi Orneklerinde Fe konsantrasyonlari
anlamli derecede yiiksek tespit edilmistir (p<0,05). Ciftci
vd. (2021) Kirikkale’de baz1 balik tiirlerinde Fe
konsantrasyonlarimi 3,64-14,95 mg/kg arasinda bulmustur.
Giltirk (2021) Bingdl’de bazi balik tiirlerinde Fe
konsantrasyonlarini 2,75-21,43 mg/kg arasinda bulmustur.
Varol vd. (2019) Kahramanmarag’ta bazi balik tiirlerinde
Fe konsantrasyonlarim 2,68-21,36 mg/kg arasinda tespit
edilmistir.

Mangan (Mn) bircok enzim i¢in kofaktoér olarak
gereklidir. Mangana asirt maruz kalma ndrotoksisiteye ve
Alzheimer hastalig1 ile Parkinson hastaligina neden olabilir
(Asikkutlu vd., 2021; Martins vd., 2019). Ortalama Mn
konsantrasyonlar1 0,475-0,102 mg/kg arasinda degisim
gostermistir (Tablo 2). Hamsi baligi 6rneklerinde tespit
edilen Mn konsantrasyonun anlamli derecede yiiksek
oldugu gorilmiistir (p<0,05). Ciftei vd. (2021)
Kirikkale’de bazi balik tiirlerinde Mn konsantrasyonlarini
1,99-3,54 mg/kg arasinda bulmustur. Korkmaz vd. (2019)
Akdeniz  kiyilarinda  bazi  balik tiirlerinde  Mn
konsantrasyonlarint  0,002-0,39 mg/kg arasinda tespit
etmigtir. Varol vd. (2019) Kahramanmarag’ta bazi balik
tirlerinde Fe konsantrasyonlarin1  0,093-2,023 mg/kg
arasinda belirlemistir.

Cogu sucul canlinin gerekli bir eser element olarak
nikel (Ni) ihtiyact olmasmna ragmen, yiiksek miktarlart
baliklar, amfibiler ve omurgasizlar icin tehlikeli olabilir
(Brix vd., 2017; Naz wvd., 2023). Ortalama Ni
konsantrasyonlar1 0,121-0,445 mg/kg arasinda degisim
gostermistir (Tablo 2). Varol vd. (2020) Dicle Nehri’ndeki
balik tiirlerinde ortalama Ni konsantrasyonlarini 0,66-0,79
mg/kg arasinda bulmuslardir. Giiltiirk (2021), Bingdl’de
bazi balik tiirlerinde Ni konsantrasyonlarin1 0,018-0,256
mg/kg arasinda  bulmustur. Varol vd. (2019)
Kahramanmaras’ta bazi balik tiirlerinde Ni
konsantrasyonlarini 0,16-0,254 mg/kg arasinda bulmustur.

Cinkonun (Zn) suya ve topraga asiri desarji su
kirliligine yol agarak septisemi, menenjit, demir eksikligi
anemisi gibi ciddi saglik sorunlarina neden olur (Asikkutlu

vd., 2021; Li vd., 2018). Ortalama Zn konsantrasyonlari
2,272-18,011 mg/kg arasinda degisim gostermistir (Tablo
2). Hamsi balig1 orneklerinde tespit edilen Zn miktari
anlamli derecede yiiksektir (p<0,05). Giiltirk (2021)
Bing6l’de bazi balik tiirlerinde Zn konsantrasyonlarini
2,52-39,56 mg/kg arasinda bulmustur. Ciftgi vd. (2021)
Kirikkale’de bazi balik tiirlerinde Mn konsantrasyonlarini
4,13-20,72 mg/kg arasinda tespit etmistir. Bat vd. (2019)

balik  kaslarinda  tespit  edilen  ortalama  Zn
konsantrasyonlarini 8,4-12,3 mg/kg arasinda belirlemistir.

Karaman ilinde balik tiiketen yetiskin insanlarin maruz
kaldig: sekiz metalin EDI, THQ ve HI degerleri Tablo 3’te
gosterilmigtir. Alabalik, barbun ve istavrit 6rneklerinde Fe
elementinin EDI degerleri diger elementlerin EDI
degerlerinden yiiksekken; hamsi, mercan ve kupes
orneklerinde Cr elementi, ¢ipura Orneginde As, levrek
orneginde ise Zn elementlerinin EDI degerleri diger
elementlerin EDI degerlerinden yiiksek bulunmustur.
Incelenen balik tiirlerinde her bir metalin EDI degerleri
RfD degerlerinin ¢ok altindadir, HI’nin 1’den biiyiik
olmasi, tiiketici bakimindan kanserojen olmayan saglik
risklerinin oldugunun gostergesidir. Tiim balik tiirlerinde,
biitiin metallerin THQ'lart 1'in altinda bulunmustur (Tablo
3). Tiiketicilerin balik tiirlerinin tiiketimi yoluyla bireysel
metallerin alimindan dolayi, kanserojen olmayan saglik
etkileri yasama ihtimalinin disiik oldugu gorilmiistiir.
Baliklarda en yiiksek tehlike indeksi degeri (HI) mercan
baliginda (0,2) tespit edilmistir. Diger baliklarda HI degeri
yiiksekten diisiige dogru sirasiyla; hamsi (0,08), kupes
(0,06), barbun (0,027), istavrit (0,02), alabalik (0,014),
levrek (0,013) ve c¢ipura (0,012) seklindedir. Tiim balik
tirlerinin HI degerleri 1'in altinda olmasi tiiketiciler icin
balik  tiirlerindeki  birlesik  metallerin  alimidan
kaynaklanan kanserojen olmayan saglik etkilerinin ortaya
¢ikmasiin muhtemel olmadigini gstermektedir.

En yiiksek THQ degerine sahip metaller tiim baliklarda
inorganik As olmustur. Baliklarin yenilebilir dokularinda
analiz edilen metallerin tiiketiciler i¢in saglik sorunlarina
yol agmayacagl sonucuna varilabilir. Benzer sonuglar
bir¢ok aragtirmaci tarafindan rapor edilmistir (Loghmani
vd., 2022; Giiltiirk, 2021; Tokatli ve Ustaoglu, 2021; Varol
vd., 2022a)

Karaman ilinde toplanan balik 6rneklerinin agir metal
parametreleri arasindaki iliskisi Spearman korelasyon
analizi ile belirlenmis ve Tablo 4'te belirtilmistir. Balik
orneklerinde agir metaller arasinda 0,01 anlam seviyesinde
(p<0,01) Cu metali ile Ni metali arasinda gii¢lii pozitif
korelasyon goriilmiistiir. Ayrica, 0,01 anlam seviyesinde
(p<0,01) As metali ile Cd ve Ni metalleri arasinda, Cr
metali ile Ni metali arasinda, Cu metali ile Fe ve Zn metali
arasinda ve Fe metali ile Mn metali arasinda orta diizeyde
pozitif korelasyon belirlenmistir.
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Determination of Heavy Metal Concentrations in Some Fish Species Consumed in Karaman Province, Tiirkiye

iAs™ Cd Cr Cu Fe Mn Ni Zn
ort+ss ort+ss ort+ss ort+ss Ort+£ss Oort+£ss Ort+£ss ort+ss
Alabalik 0,010+0,00728  0,035+0,025%  0,165+0,02728  0,154+0,0322 3,706+0,6258  0,109+0,038%  0,124+0,026%  3,361+0,1823¢
Barbun 0,023+£0,0122  0,035+0,024%  0,292+0,159%  0,234+0,1312  12,458+8,816"°  0,176+0,107%  0,156+0,032%  4,177+1,471b¢
Cipura 0,011£0,006  0,040+0,019%  0,163+0,0212  0,115+0,0552 3,564+1,8048  0,105+0,049%  0,121+0,035%  3,115+0,226%
Hamsi 0,067+0,006°  0,061+0,019°  0,230+0,0632  0,959+0,243°¢  12,791+2,246°  0,475+0,268°  0,249+0,052% 18,011+2,387¢
Istavrit 0,016+0,0108  0,060+0,031%  0,860+0,574>  0,834+0,959°¢  7,912+2,608%®  0,152+0,016%8  0,316+0,183%  4,997+1,150°
Kupes 0,074+0,023°  0,063+0,018°  0,476+0,313%  0,386+0,177®  6,306+1,5228  0,102+0,080%  0,445+0,334">  3,310+1,1723¢
Levrek 0,010+£0,0042  0,024+0,0162  0,220+0,077¢  0,175+0,0632 3,346+0,785%  0,156+0,0322  0,204+0,109%  4,607+0,809%¢
Mercan 0,233+0,065¢  0,171+0,041¢  0,336+0,078%  0,205+0,0362 6,220+£2,018%  0,162+0,0632  0,279+0,063%  2,272+0,3582
Maksimum izin verilen degerler
TGK (2023) 0,05-0,25**
EC (2023) 0,05-0,25**
MHPRC
(2022) 0,1 0,1 2,0
FSANZ (2024) 2,0

*iAs: Inorganik arsenik.

**Hamsi (Engraulis tiirleri) i¢in 0,25 mg/kg yas agirlik, diger tiirler i¢in ise 0,05 mg/kg yas agirlik. Tirk Gida Kodeksi (TGK) Bulasanlar Yonetmeligi’nde hamsi i¢in bu deger
31/12/2024 tarihinden itibaren uygulanmaya baglanacaktir.

Farkl1 iist simge harflere sahip ayni1 siitundaki ortalamalar 6nemli dl¢iide farklidir (p<0,05).
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Tablo 3. Karaman Ilinde balik tiiketimi yoluyla tahmini giinliik alim (EDI), tolere edilebilir giinliik alim(TDI), hedef tehlike katsayilar1 (THQ'lar) ve tehlike indeksi (HI)

iAs* Cd Cr Cu Fe Mn Ni Zn
THQ HI
Alabalik 8,47E-03  8,57E-06 2,77E-08  9,70E-07 3,56E-03 1,96E-07 1,56E-06 2,82E-03 1,49E-02
Hamsi 5,63E-02 1,54E-05  3,86E-08 6,04E-06  461E-03  855E-07  3,14E-06 1,51E-02 7,60E-02
Barbun 1,93E-02 8,82E-06 4,91E-08 1,47E-06 4,48E-03 3,17E-07 1,97E-06 3,51E-03 2,73E-02
Cipura 8,85E-03 1,01E-05 2,74E-08 7,25E-07 1,28E-03 1,89E-07 1,52E-06 2,62E-03 1,28E-02
Istavrit 1,34E-02 1,51E-05 1,45E-07  5,26E-06 2,85E-03  2,74E-07  3,98E-06  4,20E-03 2,05E-02
Levrek 8,52E-03 6,05E-06 3,70E-08 1,10E-06 1,20E-03 2,81E-07 2,57E-06 3,87E-03 1,36E-02
Kupes 6,19E-02 1,59E-05 8,00E-08 2,43E-06 2,27E-03 1,84E-07 5,61E-06 2,78E-03 6,70E-02
Mercan 1,96E-01 4,28E-05 5,65E-08 1,29E-06 2,24E-03 2,92E-07 3,52E-06 1,91E-03 2,00E-01
EDI

Alabalik 8,83E-02 8,94E-03 4,00E-01 4,05E-02 9,74E-01 2,87E-02 3,26E-02 8,83E-01

Hamsi 5,87E-01 1,60E-02 9,23E+00 2,52E-01 3,36E+00 1,25E-01 6,55E-02 4,73E+00

Barbun 2,01E-01 9,20E-03 1,35E+00 6,15E-02 3,27E+00 4,63E-02 4,10E-02 1,10E+00

Cipura 9,23E-02 1,05E-02 2,65E-01 3,02E-02 9,37E-01 2,76E-02 3,18E-02 8,19E-01

Istavrit 1,40E-01 1,58E-02 1,94E+00 2,19E-01 2,08E+00 4,00E-02 8,31E-02 1,31E+00

Levrek 8,88E-02  6,31E-03 6,48E-01  4,60E-02 8,80E-01  4,10E-02  5,36E-02  1,21E+00

Kupes 6,46E-01 1,66E-02 3,96E+00 1,01E-01 1,66E+00 2,68E-02 1,17E-01 8,70E-01

Mercan 2,04E+00 4,47E-02 2,46E+00 5,39E-02 1,63E+00 4,26E-02 7,33E-02 5,97E-01

RfD 0,3 1 1500 40 700 140 20 300

*iAs: Inorganik arsenik
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Tablo 4. Karaman’da toplanan balik 6rneklerinde tespit edilen agir metallerin birbirleri arasindaki iligkiler ve Spearman

siralama korelasyon katsayilari

iAst Cd Cr Cu Fe Mn Ni Zn
iAs 1
Cd ,594™ 1
Cr ,369" 401" 1
Cu 4517 ,260 4737 1
Fe ,390" ,218 444" ,569™ 1
Mn ,276 ,085 ,195 ,389" ,501™ 1
Ni ,645™ ,356" ,564™ ,710™ ,402" ,301 1
Zn -,162 -,192 ,083 ,519™ ,384" 467 ,075 1

*korelasyon 0,05 seviyesinde 6nemli (p<0,05); **korelasyon 0,01 seviyesinde énemli (p<0,01). iAs: Inorganik arsenik

Sonug¢

Saglik riski degerlendirme yontemleri, balik tiiketicileri
i¢in kanserojen olmayan saglik etkilerinin beklenmedigini
ortaya koymustur. Mercan baliginda ortalama inorganik
As konsantrasyonu MHPRC (2022) sinir degerinin (0,1
mg/kg) tizerinde, ortalama Cd konsantrasyonu EC (2023)
sinir degeri (0,05 mg/kg), MHPRC (2022) sinir degeri (0,1
mg/kg) ve TGK (2023) smur degerinin (0,05 mg/kg)
lizerinde; istavrit ve kupes baliklarinda ise ortalama Cd
konsantrasyonlart EC (2023) siur degeri (0,05 mg/kg) ve
TGK (2023) sinir degerinin (0,05 mg/kg) {iizerinde
bulunmustur. izin verilen limit degerlerin iizerinde metal
icerigi tespit edilen istavrit, kupes ve mercan baliklar
yabani deniz tirleridir. Tim baliklarin ortalama Cr
konsantrasyonlar1 MHPRC (2022) siir degerine (2,0
mg/kg) gore uygun bulunmustur. Insan viicudunda
birikerek saglik riski olusturma ihtimali bulunan agir
metalleri iceren besin ogeleri, yetkili otoriterlerce
denetlenmeli ve bu besinlerin diizenli bir sekilde takibi
yapilmalidir.
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Abstract: Nest site selection is a maternal effect on hatchling survival in species without parental
care. Sea turtles depend on sandy beaches for nesting, and females perform nest site selection on the
beach for the successful development of their embryos. This study investigated the repeatability of
nest site selection on Samandag beach, a major green turtle nesting beach in the Mediterranean.
During the 2013 nesting season, the distance to the sea, distance to vegetation, horizontal distance,
and nest depth of the first and second nests of females were recorded using a tagging method.
Repeatability analysis was performed using the rtpR package in R. A total of 91 turtles were tagged,
of which 36 were observed during their first and second nests. The highest repeatability was found
for horizontal distance, followed by distance to vegetation and distance to the sea. In contrast, nest
depth showed insignificant repeatability. This suggests that green turtles select nesting sites that are
close to the vegetation line but far from the sea and sites that are very close in horizontal distance.
The results of this study include the results of a single year nesting season. It is recommended that
future studies be conducted in consecutive years to see the results of repeatability of nest site
selection from year to year.

Samandag Kumsalinda Yesil Kaplumbagalarin Yuva Yeri Seciminin
Tekrarlanabilirligi

Oz: Yuva yeri secimi, ebeveyn bakimi olmayan tiirlerde yavrularin hayatta kalmasi iizerinde
maternal bir etkidir. Deniz kaplumbagalar1 yuva yapmak i¢in kumsallara bagimhdir ve disiler
embriyolarinim basarili bir sekilde gelismesi i¢in kumsalda yuva yeri se¢imi yaparlar. Bu ¢alismada,
Akdeniz'de yesil kaplumbagalar i¢in énemli bir yuvalama kumsali olan Samandag kumsalinda yuva
yeri se¢iminin tekrarlanabilirligi aragtirilmistir. 2013 yuvalama sezonu boyunca, disilerin ilk ve ikinci
yuvalarinin denize uzakligi, bitki ortiisiine uzakhgi, yatay mesafesi ve yuva derinligi etiketleme
yontemiyle kaydedilmistir. Tekrarlanabilirlik analizi R programinda rtpR paketi kullanilarak
gerceklestirilmistir. Toplam 91 kaplumbaga etiketlenmistir; bu kaplumbagalarin 36's1 ilk ve ikinci
yuvalari sirasinda gézlemlenmistir. En yiiksek tekrarlanabilirlik yatay mesafede bulunmus, bunu bitki
ortiisiine olan mesafe ve denize olan mesafe izlemistir. Buna karsilik, yuva derinligi 6nemsiz bir
tekrarlanabilirlik gostermistir. Bu da yesil kaplumbagalarin yuvalama alami olarak bitki ortiisiine
yakin ancak denizden uzak alanlar ve yatay mesafe olarak birbirine ¢ok yakin alanlar1 segtigini
gostermektedir. Bu galigmanin sonuglari tek bir yillik yuvalama sezonunun sonuglarini igermektedir.
Yuva yeri se¢iminin yildan yila tekrarlanabilirliginin sonuglarimi gormek ic¢in gelecekteki
caligmalarin birbirini takip eden yillarda yapilmas: tavsiye edilir.

Introduction

Nest site selection is a form of maternal influence that
enhances the survival and variety of hatchlings'
characteristics, which are subject to natural selection
(Kamel and Mrosovsky, 2004). Sea turtles are a good
example of these species and depend on sandy beaches for
nesting. Most sea turtle species do not nest every year but
typically lay two to four clutches every 2 to 4 years
(Ehrhart, 1982). The female's nest site selection is critical
to the successful incubation of eggs, as egg survival
depends on the interaction of several factors, including

*Corresponding author: bsonmez@cumhuriyet.edu.tr

temperature, moisture, salinity, tidal inundation, erosion,
and predation. (Fowler, 1979; Yntema and Mrosovsky,
1980; McGehee, 1990; Sénmez and Yalcin Ozdilek, 2013;
Sonmez, 2018).

Nests close to the sea are more vulnerable to the risk of
flooding and erosion (Sénmez and Yal¢in Ozdilek, 2013),
while nests near or in vegetated areas may have roots that
can affect the embryonic development (Kamel and
Mrosovsky, 2004). Also, vegetated areas might increase
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the likelihood of predation (Sonmez, 2018). Furthermore,
because sea turtles have temperature-dependent sex
determination (Yntema and Mrosovsky, 1980), nest site
selection may affect hatchling sex via incubation
temperature (Heredero Saura et al., 2022). In addition to
sex, incubation temperature can also affect the size and
locomotor performance of sea turtle hatchlings (Booth,
2017). Consequently, nest site selection can affect
hatchlings’ health that may vary with changes in the
external environment (Patricio et al., 2018). In the face of
changing environmental conditions, the nest site selected
by the mother can affect the successful incubation of eggs
as well as the hatchlings' sex, fitness, and survivability.

Wilson (1998) describes nest site selection as the
process of nesting in non-randomly selected locations, and
sea turtles exhibit diverse patterns of nest site selection
that may vary between species or locations. For instance,
Kamel and Mrosovsky (2004) reported significant
repeatability and individual consistency in leatherback sea
turtle nest site selection on the French Guiana nesting
beach. Researchers have also reported that green turtles in
Costa Rica exhibit nest site repeatability and prefer areas
close to vegetation, particularly under trees (Heredero
Saura et al., 2022). Similarly, green turtles showed high
repeatability in microhabitat types such as open sand,
forest border, and forest in Guinea-Bissau, West Africa
(Patricio et al., 2018). Kamel and Mrosovsky (2005)
reported that repeatability behavior in nest site selection in
hawksbill sea turtles is inherited and may show potential
for further evolution. In loggerhead sea turtles, females
showed high variability in nest site selection, but larger
females (>93 cm curved carapace length) showed higher
repeatability in distance from vegetation on Boa Vista
Island, Cabo Verde (Martins et al., 2022). In addition,
Nordmoe et al. (2004) stated that it is more consistent to
hypothesize that leatherback sea turtles nest close to the
location of the previous nest rather than being fidelity
based on a specific location on the beach.

Repeatability, which measures the proportion of total
variation that is due to differences between individuals, is
important for selection (Falconer and Mackay, 1996).
Moreover, Boake (1989) asserts that it also reveals
individual consistency. High and statistically significant
repeatability in a behavioral trait indicates the potential for
a genetic basis (Dohm, 2002). This highlights the
importance of understanding behavioral repeatability in
sea turtle nest site selection. In this case, repeatability can
provide insight into whether factors such as distance to the
sea and vegetation, temperature, and nest depth are
important. These factors, which may affect the
population’s future and have a significant impact on nest
site selection, are either genetically determined or random.
As a result, this situation can provide guidance for future
conservation and monitoring programs for the sea turtle
population. Studies on the Samandag green turtle
population have reported that nests are exposed to flooding
(Sénmez and Yal¢in Ozdilek, 2013; Sénmez et al., 2024),
nests close to vegetation are at high risk of predation
(Sonmez 2018), and female biased hatchlings are produced

(Yalgin Ozdilek et al., 2016). Nest site repeatability is
known to exist in green turtles (Patricio et al., 2018;
Heredero Saura et al., 2022). However, this has not been
confirmed for the Mediterranean green turtle population.
The aim of this study was to investigate the repeatability of
nest site preference in terms of spatial distribution
(distance to sea and vegetation, horizontal distance, and
nest depth) in Samandag green turtles.

Material and Methods

The study was conducted at Samandag beach (36°07'N,
35°55'E) in the eastern Mediterranean during the 2013
nesting season. The beach was divided into 3 sections:
Cevlik (5.5 km), Seyh-hizir (4.1 km), and Meydan (4.4
km) sub-sections (Figure 1). Cevlik Harbor in the north
was defined as the reference (zero) point for determining
the horizontal distribution of nests. The study was
conducted only in the Seyh-Hizir sub-section due to very
high nest density (S6nmez et al., 2024).

The data were collected within the framework of the
collaboration protocol signed between Hatay Directorate
of Nature Protection and National Parks of the Ministry of
Agriculture and Forestry and Samandag Environmental
Protection and Tourism Association under the title
"Research and conservation of sea turtle (Chelonia mydas
and Caretta caretta) populations on Samandag beach in
Hatay " during the nesting season of 2013. Five people
monitored the beach at night to observe the nesting female
turtles. After nest camouflage was completed, turtles were
tagged with metal tags. The tags were placed on the
posterior margin of the left anterior flipper, as suggested
by Balazs (1999). After the turtles returned to the sea
safely, the distance from the sea and vegetation of the nest
were measured (the vertical distance from the egg chamber
to the tide line and vegetation). Also, the distance to the
reference point of the nest was recorded with GPS (£ 5 m,
GARMIN). During night patrols throughout the nesting
season, when a previously tagged female was found
nesting (another nest belonging to the same female), the
same measurements as above were recorded.

All nests were monitored during incubation and
protected against predators with cages. A week after the
first hatchling emerged, the nests were excavated and the
remains were examined. During nest excavation, the
number of eggshells, dead embryos, and nest depth were
recorded. Of these records, only nest depth was used for
repeatability analysis. The vertical distance from the sand
surface to the bottom of each nest was measured using a
flexible tape measure to determine the nest depth.

Nonparametric Wilcoxon Signed Rank Test was used
to compare the distance to the sea and vegetation, nest
depth, and horizontal distance of nests belonging to the
same female (Salleh et al., 2021). The repeatability
measure in Gaussian data with the linear mixed-effects
model (LMM) was used to assess whether there were
within-individual preferences in nest site selection
(Nakagawa and Schielzeth, 2010; Patricio et al., 2018).
Linear mixed models directly estimate the variances,
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which are both necessary and sufficient for calculating
repeatability. The predominant method for estimating
unbiased variance components in linear mixed models is
restricted maximum likelihood (Nakagawa and Schielzeth,
2010). Therefore, repeatability analysis for Gaussian data,
i.e., distance to sea and vegetation, distance to reference
point (horizontal distance), and nest depth rtpR package in
R, was performed using the Linear Mixing Model
(Nakagawa and Schielzeth, 2010; Patricio et al., 2018).

28

The results of the repeatability analysis are presented along
with the R value, standard error (SE), and 95% confidence
interval (CI) values.

The statistical analyses were performed with rptR
(Stoffel et al., 2017), ggplot2 (Wickham, 2016), and
ggstatsplot (Patil, 2021) packages in R (R Core Team 2020
and R Studio Team 2020).
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Figure 1. General view of Samandag beach (red line shows the Seyh-Hizir sub-section where tagging was done for

repeatability analysis)

140



Repeatability of Nest Site Selection of Green Turtles on Samandag Beach

Results

A total of 1175 green turtle nests were recorded during
the 2013 nesting season. 91 turtles were tagged; 36 of
these turtles were observed during their second and third
nests, and 55 turtles were observed only during their first
nest. Since only two turtles were observed during their
third nest, all data from the third nest of these two turtles
were excluded from all statistical analyses. Thus, 72 nests
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(first and second nests) of 36 turtles were analyzed for
repeatability. The median box plots of the distance to the
sea and vegetation, horizontal distance, and nest depth for
the first and second nests are shown in Figure 2. There was
no significant difference between the distance to the sea
and vegetation, the horizontal distance, and the nest depth
of the first and second nests of the tagged females (see
Table 1 for details).

90-

Seclond

First

Figure 2. Box plots and medians of the first and second nests in terms of distance to sea, distance to vegetation, horizontal
distance and nests depth (DFS: distance from sea, DFV: distance from vegetation and ND: nest depth)

Table 1. The Wilcoxon signed-rank test and repeatability measure of the two consecutive nests of green turtle females
(DFS: distance from sea, DFV: distance from vegetation and ND: nest depth)

Wilcoxon Signed Rank Test

Repeatability Measure

n Wilcoxon p R SE p 95% ClI
DFS 35 280 057  0.323 0.147 0.0301*  0.002 - 0.592
DFV 35 339 030 0515 0.129 0.0006*  0.223-0.720
Horizontal 36 324 089  0.584 0.113 0.000723* 0.327-0.758
ND 22 89 023  0.304 0.176 0.0875 0-0.627

Individuals at their nest site had the highest
repeatability for horizontal distance (see Table 1 and
Figure 3a), followed by distance to vegetation (see Table 1
and Figure 3b), and distance to the sea (see Table 1 and
Figure 3c). In contrast, nest depth showed no significant
repeatability between individuals (see Table 1 and Figure

3d). In the multiple assessment (distance to sea + distance
to vegetation + horizontal distance), when nest depth was
excluded (due to no significant repeatability), the analyses
showed a high repeatability within individuals at the nest
location (R: 0.547, SE: 0.13, p<0.001, and CI: 0.238-
0.758).
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Figure 3. Graphical representation of individual locations between two consecutive nests of green turtle females and
repeatability for horizontal distance (a), distance to vegetation (b), distance to sea (c), and nest depth (d) (blue
dot indicates the first nest and red dot indicates the second nest; dotted line indicates positive change; and dashed

line indicates negative change).

Discussion

Nest site selection, defined as the placement of nests in
areas that differ from random sites (Wilson, 1998), has
been proposed to provide developing embryos with a
higher probability of survival at selected sites than at
unselected sites (Schwarzkopf and Brooks, 1987). While
all species of sea turtles follow a similar nesting procedure,
there is considerable variation in the selection of nesting
sites among different species and populations. For
example, loggerhead turtles in Cabo Verde preferred to
nest in the middle of the beach and avoided nesting close
to both the shoreline and the vegetation line (Martins et al.,
2022). Furthermore, it was reported that leatherback turtles
lay predominantly in open sand and green turtles in
vegetated areas in Suriname (Whitmore and Dutton, 1985).
Additionally, Hart et al. (2014) reported that olive ridley
turtles in Mexico prefer to nest on open beaches from the
berm to the vegetation line. Green turtles nest mostly in
areas with vegetation, while loggerhead turtles nest mostly
in areas without vegetation on Akyatan beach, Tirkiye
(Tirkozan et al., 2011). Similarly, green turtle nests are
often reported to be in vegetation at the back of the beach,
where the risk of flooding is lowest in the Chagos
Archipelago, Indian Ocean (Stokes et al., 2024).

The present study found that green turtles in Samandag
exhibit intra-individual consistency and high repeatability
in their nest site selection. This suggests that green turtles
selected areas close to the vegetation line (just in front of
the vegetation rather than in the vegetation zone) but far
from the sea as nesting sites. Previous studies have
reported nest site repeatability for leatherback turtles in

French Guiana (Kamel and Mrosovsky, 2004), hawksbill
turtles in Guadaloupe (Kamel and Mrosovsky, 2005),
green turtles in Guinea-Bissau (Patricio et al., 2018), and
eastern Pacific green turtles in northwestern Costa Rica
(Heredero Saura et al., 2022). The presence of a high
degree of repeatability may represent a process constancy
in the nest site selection among sea turtles (Heredero Saura
et al., 2022). Although constancy may be advantageous for
turtles that encounter ideal conditions for egg
development, it can also be disadvantageous when
conditions turn unsuitable (Bowen and Karl, 2007). Bowen
and Karl (2007) proposed that there may be mixed
strategies within a sea turtle population, with some
individuals choosing to scatter their nests, while others
prefer to nest in a restricted area. The green turtle
population at Cabuyal beach in northwestern Costa Rica
exhibits this mixed nesting strategy, with some individuals
nesting at relatively large distances from each other
(Heredero Saura et al., 2022). Thus, long-distance nests
may benefit from changing unfavorable conditions due to
the dynamic structure of the beach. In fact, poor nest site
repeatability has sometimes been observed in some
populations in response to local beach dynamics (Pfaller et
al., 2022).

Studies have reported that green turtles mostly prefer
vegetated areas for nest site selection (Whitmore and
Dutton, 1985; Tiirkozan et al., 2011; Heredero Saura et al.,
2022; Stokes et al., 2024). In contrast, Patricio et al. (2018)
found high repeatability in green turtles and reported that
67% of nests were located in open sand, with the
remainder in forests and forest edges. Nesting farther from
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the sea may reduce the risk of inundation (S6nmez and
Yalgin Ozdilek, 2013; Stokes et al., 2024) and thus tend to
increase hatching success (Patricio et al., 2018; Martins et
al., 2022). In addition to increasing hatching success by
reducing the risk of flooding, nest site selection in
vegetated areas (under trees rather than in grassy areas)
with high repeatability may result in cooler temperatures
and thus less female bias (Patricio et al., 2018; Heredero
Saura et al., 2022). However, nests in forest edges and
habitats had lower hatching success than those in open
sand (Patricio et al., 2018). While the behavior of
repeatability in terms of distance from the sea may be
aimed at reducing the risk of flooding on Samandag'
beach, proximity to vegetation lines may increase the
likelihood of predation. It has been reported that the
probability of predation is higher in nests close to
vegetation on Samandag beach (S6nmez, 2018).

Samandag green turtles showed high repeatability in
horizontal distance in addition to distance to the sea and
vegetation. The median of the horizontal distances
between the first and second nest of females show that
there is only a 150 m difference between two consecutive
nests (see Figure 2). This shows that females tend to nest
in the same area of the beach with high repeatability.

The most obvious limitation of the study is its single
year nature, which limits the generalizability of the results
to more than one year, and the sample size limitation with
only 36 turtles observed for their second nest. The
repeatability of nest sites between years has been
demonstrated for hawksbill sea turtles in Guadeloupe
(Kamel and Mrosovsky, 2006). Furthermore, the fact that
the study was conducted on only one section of the beach
(i.e., Seyh Hizir) is an important limitation. If similar
studies had been conducted on the entire beach or even on
nearby beaches, different results might have been
obtained. This is because a green turtle nested in both
Snoubar (Syria) (about 100 km from Samandag beach) and
Samandag beach during the same nesting season (Sonmez
etal., 2017).

Another limiting factor is that the study did not
consider external factors that may influence nest site
selection, such as predation pressure or human activities.
In fact, the entire Seyh-Hizir subsection where the study
was conducted has a low anthropization frequency
(Sonmez et al, 2024). The low frequency of
anthropization can be considered as an important factor in
nest site selection. Similarly, Siqueira-Silva et al. (2020)
reported a higher frequency of anthropization in areas with
fewer nests in northeastern Brazil. Furthermore, on
Kenyan beaches where human activity is intense, it has
been associated with high organic matter content, which
significantly affects the number of green turtle nests on the
beach (Obare et al., 2019).

In conclusion, green turtles nesting on Samandag beach
showed high repeatability in nest site selection, especially
in terms of distance to vegetation and horizontal distance.
However, the results of the present study were conducted
during a single nesting season and only in a sub-section of

the beach. It may be recommended that future studies
investigate the repeatability of nest site selection across
years and across the entire nesting beach. This will test
whether similar results occur in different nesting seasons
and across the entire nesting beach.
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Balikgilik yonetimi

Abstract: In this study, conducted in Yumurtalik Bay (Adana/Turkey) between October 2020 and
February 2021, 40 commercial fishing operations were monitored. During the fieldwork, the length
and weight of the species caught by commercial fishers were measured, and the number of deployed
set lines and the lost set lines were recorded for each operation. The results showed that, aside from
European seabass (Dicentrarchus labrax), only six species were caught, with bycatch species
constituting 4.64% by weight. Of the 859 seabass individuals caught, only 88 were found to be below
the minimum legal catch size (25 cm) specified in Turkish fisheries regulations. These findings
suggest that the method demonstrates species and size selectivity, indicating an environmentally
friendly fishing approach. A total of 4791 set lines were deployed during the monitored operations,
of which 198 lines (4.13%) were lost. The total number of set lines lost by the entire fleet in a single
season was estimated to be approximately 2800 lines. While the reasons for gear loss typically
include gear conflicts, adverse weather conditions, operational errors, maritime traffic, and
vandalism, this study did not specifically identify the causes of gear loss. However, inferences were
made regarding possible causes based on previous studies.

Yumurtahlk Koyu (Adana/Tiirkiye) Kiyisal Bolgesinde Levrek
(Dicentrarchus labrax) Avinda Kullamilan Birakma Olta Takiminin Hedef
Dis1 Av ve Kayip Av Araci Bakimindan Incelenmesi

Oz: Yumurtalik koyunda (Adana/Tiirkiye), Ekim 2020 ile Subat 2021 tarihleri arasinda
gerceklestirilen bu ¢alismada, 40 ticari balik¢ilik operasyonu takip edilmistir. Bu saha ¢alismalarinda,
ticari balik¢ilar tarafindan yakalanan tiirlerin boy ve agirliklart 6lgiilmiis, ayrica her bir operasyonda
denize atilan birakma oltasi saysi ile kaybolan olta sayis1 kaydedilmistir. Elde edilen sonuglar, levrek
diginda sadece 6 tiir yakalandigini, hedef dis1 tiirlerin agirlikga oranin %4,64 oldugunu gostermistir.
Yakalanan 859 levrek bireyinin sadece 88 tanesinin, tilkemiz balik¢ilik mevzuatinda belirtilen
avlanabilir asgari boydan (25cm) kiigiik oldugu belirlenmistir. Bu sonuglar, yontemin tiir ve boy
seciciligi agisinda gevre dostu oldugu fikrini vermektedir. Takip edilen operasyonlarda toplam 4791
adet birakma olta denize atilirken, bu oltalardan 198 tanesi (%4.13) kaybolmustur. Tiim filonun bir
sezonda kaybettigi birakma olta sayisi yaklagik 2800 adet olarak tahmin edilmistir. Av araglarinin
kaybolma nedenleri olarak; av araglar arasinda catigma, kotii hava kosullari, operasyonel hatalar,
deniz trafigi ve vandalizm gibi nedenler goriilmekte ise de bu ¢aligmada kayip nedenleri konusunda
herhangi bir tespit yapilmamustir. Bununla birlikte, daha 6nce yapilan ¢alismalar dikkate alinarak
olas1 kayip nedenleri hakkinda gikarimda bulunulmustur.

Giris

Kiiciik olgekli balikgilik, 12m’den kiigiik teknelerle
yiiriitiilen ve siiriitme aglarmin kullanilmadigr balikgilik
olarak tanimlanmaktadir (Natale vd., 2015). Bu tip
balik¢ilik, birgok acidan ¢evre dostu olarak kabul
edilmektedir. Ornegin kiigiik 6lcekli balikihigin deniz
tabanindaki habitata zarar verilmesi ve hedef disi av
miktar1  olduk¢a  diigliktiir ~ (Jennings vd., 2001,

*Corresponding author: cozyurt@cu.edu.tr

Chuenpagdee vd., 2003). Kiiciik 06lgekli balik¢ilikta
genellikle; tuzak, paraketa ve uzatma agi gibi pasif av
araglar1 kullanilmaktadir. Bu av araglari ya tabana hic
temas etmemekte (pelajik paraketa ve pelajik uzatma ag
gibi) ya da operasyon sirasinda tabanda sabit (sepet tuzak,
dip uzatma agi, dip pareketast gibi) durmaktadir.
Dolayistyla da bentik tahribata yol agmamaktadir. Buna ek
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olarak, kiiciikk oOlgekli balik¢ilikta kullanmilan pasif av
araglarinin boy ve tiir segiciligi yliksek oldugundan
(Jennings vd., 2001) trol gibi aktif av araclarina gore hedef
dist av ve 1skarta oraninin daha diisiik olmaktadir. Ancak
yukarida agiklanan tiim 6nemli 6zelliklerine kargin kiigiik
Olcekli balik¢iligim goriintirligi disiiktiir (Staples vd.,
2004). Son donemde bu konuyla ilgili olarak ¢alismalarda
artis olmasina ragmen bazi1 bdolgelerde yiiriitilen kiigiik
Olcekli balikcilik ile ilgili veriler (hedef tiirler, olasi
tehditler vb) sinirlidir.

Yumurtalik Koyu Iskenderun Kérfezi’nin (Kuzeydogu
Akdeniz) giliney batisinda yer almaktadir. Koyun toplam
alan1 yaklasik 46 km?’dir ve ok sayida kiyisal lagiin
bulunmaktadir. Bolgenin hem ekonomik (¢ipura, levrek,
lifer, kefal vb.) hem de bazi kritik tiirlere (orfoz, yesil
deniz kaplumbagasi, kum kdpekbaligi vb.) ev sahipligi
yaptig1 bilinmektedir (Akamca vd., 2010; Basusta vd.,
2021; Ozyurt vd., 2017; Ozyurt vd., 2019). Koydaki ana
balik¢ilik faaliyetleri; uzatma agi, birakma olta ve paraketa
aveiligidir (Ozyurt ve Kiyaga, 2016). Bu alanda kullanilan
birakma olta takimi, temel olarak dikey birakma oltasidir
(He vd., 2021). Bu dikey oltalardan 100-150 kadar1 bir
araya getirilerek bir takim olusturulmaktadir. Operasyonda
bu oltalar diiz bir hat tizerinde belirli araliklarla (35-40 m)
atilmaktadir (Sekil 1la). Oltalarin arasinda herhangi bir
baglanti yoktur. Bu yontemde hedef tiirler levrek ve
liferdir. Ozellikle kis aylarinda levrek avcilign diger
aylarda ise donem donem liifer avciligi yapilmaktadir.

Balik¢ilar yem olarak kefal tiirlerini kullanmaktadir
(Ozyurt vd., 2023). Dikey olta takiminin teknik 6zellikleri
ve operasyon sekli Ozyurt vd., (2019) tarafindan yapilan
calismada agiklanmustir. Levrek avciliginda operasyon
oncesi cevirme aglan ile kefal bireyleri yakalanmakta
(Ozyurt ve Koylii, 2024) ve yasatma tanklarinda canli
olarak tutulmaktadir.

Bolgede uygulanan dikey birakma olta takiminin; av
verimi (CPUE), tiir dagilimi, boy dagilimi1 ve olasi ¢gevresel
etkileri ile ilgili herhangi bir ¢aligma bulunmamaktadir.
Yiriitiilen bu calismada; Yumurtalik Koyu’nda balik¢ilik
sezonu boyunca (yaz donemi liifer avcilig1 izlenmemistir)
40 Ticari balik¢ilik operasyon gozlemlenerek, uygulanan
levrek aveiligr takip edilmistir. Bu kapsamda; av sezonu,
birim ¢abada elde edilen iiriin (CPUE) degerinin zamana
gore degisimi, tir dagilimi, boy dagilimi, kayip av araci
miktar1 belirlenmistir.

Materyal ve Yontem

Saha calismalarina, balik¢ilarin dikey birakma olta
takimlari ile levrek avladiklar1 sezon boyunca (Ekim 2020
ile Subat 2021) devam edilmistir. Bu siiregte, 11 farkli
baliker teknesi tarafindan yapilan 40 farkl: ticari balik¢ilik
operasyonuna eslik edilmistir. Balik¢ilar tarafindan
kullanilan dikey birakma oltanin teknik 6zellikleri Sekil
1b’de gosterilmistir. Operasyonlara Yumurtalik koyunda
bulunan Avluk Balik¢1 Barmagindan ¢gikilmustir (Sekil 2).
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Sekil 1. Birakma olta takiminin gematik goriiniimii (a: sudaki genel goriiniim, b: bir vertikal birakma oltanin teknik

ozellikleri)

Tiim operasyonlar 5 m’den si1g alanlarda yapilmustir,
dikey birakma oltalar giin batimindan sonra atilmis, giin
dogumundan sonra toplanmustir. Yakalanan tiim bireylerin
Ol¢timleri karaya ¢ikarildiktan sonra barmakta yapilmistir.
Total boylar “mm”, total agirliklar ise “g” olarak
Ol¢iilmiistiir. Buna ek alarak; balik¢inin operasyonda attigi
toplam birakma olta sayisi, kesik kostek sayist ile kayip

birakma olta sayis1 kaydedilmistir. Kesik kostek, sadece

olta ignesinin olmadigl, birakma oltanin geri kalan
kisminin (ylizdiiriicti, batirici, ana beden ve kdstegin bir
kismi) balik¢1 tarafindan geri toplandigi durumu ifade
etmektedir. Genellikle, yakalanan bireyin kostek kismim
olusturan misinayr disleri ile keserek kurtulmasindan
kaynaklanmaktadir. Kayip ise, birakma oltanin tamaminin
geri alimamadigi durumu ifade etmektedir.
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Balikgilikta CPUE  degeri  “lirliniin”  “cabaya”
boliinmesi ile elde edilebilir. Oltalarda “igne sayis1” ve
“operasyon giin sayismin” toplam ¢abayi temsil
edebilecegi belirtilmistir (Sparre ve Venema, 1998).
Benzer sekilde; paraketalar igin efektif balik¢ilik ¢abasinin
belirli bir alanda, belirli bir zaman diliminde kullanilan
igne sayisi oldugu da ifade edilmistir (Bigelow vd., 2002).
Bu ¢alismada, ¢aba bir operasyonda kullanilan birakma
olta sayisi (igne sayisi) olarak kabul edilmistir. CPUE
degerlerinin belirlenmesi i¢in, gozlem yapilan her bir
operasyonda yakalanan bireylerin agirligi, igne sayisina
oranlanarak CPUE (gr/igne) degeri hesaplanmistir. Bunun

i¢in; CPUE =% esitligi kullanilmistir. Bu esitlikte; w =

gozlem yapilan operasyonlarda yakalanan bireylerin
toplam agirligini, h = gozlem yapilan operasyonlarda
kullanilan  toplam igne (birakma olta) sayisim
gostermektedir. Her ay ilk 15 giin ve ikinci 15 giin olarak
ikiye ayrilmis ve CPUE degerleri bu 15 giinliik periyotlar
icin hesaplanmistir. Bu periyotlarda yapilan ornekleme
sayilar1 Tablo 1’de verilmistir. Sezon boyunca her 15 giin
icin ortalama CPUE degerleri belirlenmis ve arasindaki
farkin istatistiksel olarak onemli olup olmadigi Kruskal
Wallis Test Istatistigi ile test edilmistir. Kruskal Wallis
Test Istatistigi R programi igindeki onewaytest paketi
kullanilarak yapilmistir (Dag vd., 2018).

Tablo 1. Ornekleme dénemleri kodlar1 ve yapilan 6rnekleme sayisi

Ornekleme Donemi Kodu Operasyon Sayis1
15.10.2020 - 31.10.2020 Ekim 2 (fkinci periyot) 1
01.11.2020 - 15.11.2020 Kasim 1 5
16.11.2020 - 30.11.2020 Kasim 2 5
01.12.2020 - 15.12.2020 Aralik 1 7
16.12.2020 - 31.12.2020 Aralik 2 7
01.01.2021 - 15.01.2021 Ocak 1 7
16.01.2021 - 31.01.2021 Ocak 2 6
01.02.2021 - 15.02.2021 Subat 1 (Ilk periyot) 2
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Hedef dis1 av oraninin hesaplanmasi igin
%Hd = T2 esitliginden
esitlikte; %Hd = Hedef Dist Av Oranini, Ts = Tesadiifi
Av Miktarm (gr), Is = Iskarta Av Miktarin1 ifade

etmektedir (Alverson vd., 1994).

Verilerin gorsellestirilmesi i¢in R programi igerisindeki
ggplopt2 paketi kullanilmigtir (Wickham, 2016).

faydalanilmigtir.  Bu

Bulgular

Gozlem yapilan 40 operasyonda, toplam 890 adet birey
yakalanmistir. Hangi tiirden ka¢ birey yakalandigi ve
bunlarin boy ve agirliklar ile ilgili tanimlayicr istatistikler
Tablo 2’de verilmigstir. Bu tablodan de goriilebilecegi gibi,
yakalanan bireylerin %96.52’sini levrek olusturmaktadir.
Birim Cabada Elde Edilen Uriiniin (gr/igne) 15 giinliik

periyotlara gore degisimi Sekil 3’de verilmistir. Ekimin
ikinci yarist ile Ocagin ilk yarsi arasinda birbirine yakin
olan CPUE degerlerinin Ocagin ikinci yarisinda belirgin
sekilde ytikseldigi ve Subat ayinin ilk yarisinda sert sekilde
diistiigli goriilmektedir. Yapilan Kruskal Wallis Testi,
ortalama CPUE bakiminda 15 giinliik periyotlar arasindaki
farkin istatistiksel olarak Onemli oldugunu gostermistir
(p<0.05). Buna ek olarak, yapilan Post Hoc test sonuglart;
Ocagn ikinci periyodu ile Subatin ilk periyodunun tiim 15
giinlilk periyotlardan istatiksel olarak farkli oldugunu
gOstermigtir. Balik¢ilar bu  operasyonlarda yaklasik
ortalama 120 adet birakma oltast1 kullanmaktadir.
Dolayisiyla her bir operasyonda ortalama 6.8 kg levrek
yakalamislardir. Bu oran belirgin sekilde diistiigiinde bu
aveilikk  yontemi  ile levrek avciligt  birakilmustir.
Dolayisiyla, birakma olta ile levrek avciligi sezonunun
Kasim, Aralik ve Ocak aylart oldugu belirlenmistir.

Tablo 2. Orneklemelerde yakalanan tiirler ve tanimlayici istatistikler

Tir Adet (n)  Oran (%) Boy (cm) Al (¢)
Ortalama Std Sapma  Ortalama  Std Sapma

Sparus aurata 9 1,01 19,42 4,20 112,22 96,31
Umbrina cirrosa 2 0,22 37,50 1,56 560,00 56,57
Trichuris lepturus 11 1,24 55,29 2,99 149,09 36,10
Dicentrarchus labrax 859 96,52 30,20 5,97 316,46 258,82
Pomatomus saltatrix 5 0,56 36,04 6,77 463,60 220,97
Argyrosomus regius 2 0,22 33,10 2,69 379,00 134,35
Belone belone 2 0,22 77,50 4,53 697,00 108,89
Toplam 890 100,00 - - - -

75~

CPUE (grfigne)

25~

! ! ' !
Ekim2 Kasim1 Kasim2 Aralik1

! ! ! !
Aralik2 Ocak1 Ocak2 Jubat1
Aylar

Sekil 3. 15 giinliik periyotlar icin CPUE degerlerinin degisimi
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Caligmada balikgilar tarafindan 7 tiir avlandigi
gozlenmigtir. Bu tiirlerden levrek hedef tiir oldugundan,
hedef dis1 tiir sayisinin 6 oldugu anlagilmaktadir. Bu 6
tirlinde  ekonomik  degeri  oldugundan  1skarta
edilmemektedir. Dolayisiyla sadece minimum av
boyundan kiigiik bireyler 1skartay1 olusturmaktadir. Tablo
3’de avlanan tiirlerin mininim av boyundan kiigiik ve
biiylik olanlarinin sayis1 ve agirligr gosterilmistir. Hedef
dig1 tiirlerden Umbrina cirrosa (karakulak), Trichiurus
lepturus (kayis), Argyrosomus regius (muskar) ve Belone
belone (zargana) tiirleri igin belirlenmis bir minimum av
boyu yoktur. Ancak hedef dis1 tiirlerden cipura igin
minimum av boyu 20 cm’dir. Yakalanan 9 ¢ipura bireyinin
6’st minimum av boyundan kiiciiktiir ve agirlik¢a 1skarta
orant %40.59°dur. Bu oran yiiksek gibi goziikse de
¢ipuranin toplam av igerisindeki oranmi yaklagik %1 dir.
Yine hedef dis1 tiirlerden liiferin yakalanan 5 bireyinin de

minimum av boyunda biiyiik oldugu goriilmektedir. Bu
avcilik yonteminin hedef tiirii olan levregin boy frekans
dagilimi Sekil 4’de gosterilmistir. Grafikteki kirmizi
vertikal ¢izgi yasal minimum av boyunu (25 cm)
gostermektedir. Sonuglar, 859 adet levrek bireyinin sadece
88 tanesinin minimum av boyundan kiigiik oldugunu
gostermistir. Ulkemiz balikgiik mevzuatinda “hamsi,
sardalya ve istavrit’te agirlikca %15, diger su {iriinlerine
ise agirlikga %S5 oraninda kiigiik boylara istisna taninir”
denilmistir. Bu ¢alismada, mesleki balik¢ilar avlanan
levrek bireylerinin toplam agirligi 271,84 kg, 25 cm kiiciik
bireylerin agirhigr ise 12,62 kg olarak belirlenmistir.
Dolayistyla, minimum av boyundan kiicliik bireylerin
agirlik orant %4,64 ‘dir. Bu sonuglar, birakma olta ile
levrek aveiliginin minimum av boyu agisindan mevzuatla
uyumlu oldugunu gostermektedir.

Tablo 3. Tiirlere gore, yakalanan bireylerin minimum av boyundan kii¢iik ve biiyiik olanlarini sayica ve agirlik¢a oram

(* Yasal olarak minimum av boyu bulunmayan tiirler)

Adet Agirlik (kg)
Tiir Yasal Boy
n % n w %w
. <25cm 88 10.24 12,62 4,64
Hedef Dicentrarchus labrax
>25cm 771 89,76 259,22 95,36
<20cm 6 66.67 0.41 40.59
Sparus aurata
> 20 cm 3 33,33 0,60 59,41
) <18cm - - - -
Pomatomus saltatrix
> 18cm 5 100 2.32 100
Hedef Dis1 —
Umbrina cirrosa* - 2 - 1,12 -
Trichiurus lepturus* - 11 - 1,64 -
Argyrosomus regius* - 2 - 0,76 -
Belone belone* - 2 - 1,39 -

90"

0°

30_ |

[ - 1
| I
20

Frekans (n)

‘|“||IIII||||I|I||_-.-. .
30 £ 50

'
60

Boy (cm)

Sekil 4. Levrek bireylerinin boy frekans dagilimi
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Takip edilen 40 operasyonda toplam 4791 adet birakma
olta takimi denize birakilmistir. Bunlarda 43 (%0.89)
tanesinde kesik kdostek oldugu belirlenmistir. Buna ek
olarak, toplam 198 adet (%4.13) birakma olta
kaybolmustur. Bir operasyonda kullanilan birakma olta,
kesik ve kayip sayisi sirasiyla; 119,76+7.28, 1.06+0.33 ve
4.95+0.87 adet olarak belirlenmistir.

Tartisma

Bu calismada elde edilen bulgular; Ekim ikinci yarisi
ile Ocagin ilk yarist arasinda 15 giinliik periyotlarda CPUE
degerinin birbirine yakin oldugunu ancak Ocagm ikinci
yarisindaki CPUE degerinin belirgin sekilde yiikseldigi ve
Subatin ilk yarisinda hizla diistiigiinii gostermistir. Burada
akla gelen soru; CPUE degerinin Ocagin ikinci yarisinda
belirgin sekilde yiikseldikten sonra Subat ayinda neden bu
kadar hizli distiigidiir? Avcilikta; av araci ile hedef tiiriin
ayni ortamda bulunma ve hedef tiriin av aract ile
kargilagmasi olasiligi av verimini etkileyen onemli iki
parametrelerdir  (Holst wvd., 1998; Parrish, 1963).
Levreklerin su sicakliginin belli bir seviyenin altina
diismesi sonrasinda kiyisal bolgelerdeki beslenme alanini
terk ederek daha derine tireme gogii yaptig1 ve Akdeniz’de
Aralik ile Mart aylarinda tredigi belirtilmistir (Pérez-
Ruzafa ve Marcos, 2014). Bu durum, levregin Kasim,
Aralik ve Ocak aylarinda kiyisal bélgede bulundugu ancak
Subat ayinda iireme gogii yaptigr fikrini vermektedir.
Bolgede levregin iireme biyolojisi ve go¢ ekolojisi iizerine
yapilmis bir ¢alisma olmadigindan bu teoriyi dogrulamak
giictlir. Ancak, elde edelin boy frekans dagilimindan (Sekil
4) goriilebilecegi gibi, minimum av boyundan kii¢iik birey
sayisinin olduk¢a az olmasi bu teoriyi desteklemektedir.
Ancak bu durum Ocak ayinin ikinci periyodundaki CPUE
degerinin artigin1 agiklamamaktadir. Birgok tiirde lireme
donemi oOncesinde ve sonrasinda besin talebinin arttigt
bilinmektedir (Argillier vd., 2012; Jardas vd., 2004;
Ozyurt vd., 2012). Ocak aymin ikinci periyodundaki
CPUE degerinin yiikselisi iireme go¢ii 6ncesinde levrek
bireylerinin daha yogun beslenmesinden kaynakli olabilir.
Nitekim bu durumda Subat ayinin ilk yarisinda tireme
g0cii oldugu teorisini desteklemektedir.

Av araglari; av araglar1 arasinda catisma, kotii hava
kosullari, operasyonel hatalar, deniz trafigi ve vandalizim
gibi nedenlerle kaybolabilmektedir (Brown vd., 2005).
Kayip av araglarimin etkileri ise; hedef tiirleri avlamaya
devam etmesi; hedef olmayan balik ve kabuklu tiirlerini
avlamaya devam etmesi; diger deniz canlilarinin (fok,
kaplumbaga ve su kuslar1) 6liimiine neden olmasi; giiriime
esnasinda deniz fauna ve florasim1 etkilemesi, bentik
cevreye fiziksel olarak zarar vermesi, denizel alandaki
plastik kirliligini arttirmasi olarak siralanabilir (Macfadyen
vd., 2009). Elbette bu etkiler av aracinin tiiriine,
kayboldugu bolgeye gore degisiklik gostermektedir. Bu
caligmada elde edilen sonuglar kaybolan birakma olta
oranmin %4.13 oldugunu gostermektedir. Ancak bu av
aracinin hangi sebeplerle kayboldugu ya da kaybolduktan
sonra hangi etkilere neden oldugu ile ilgili bir saptama
yapilmamistir. Buna karsin, bolgede daha once farkli
amaglarla yapilan saha c¢aligmalarinda; yesil deniz

kaplumbagalarinin birakma oltanin tizerindeki yemle
beslenmeye ¢aligtigi, hatta bir operasyonda 1-3 adet
bireyin olta ignesine yakalanabildigi belirtilmistir (Ozyurt
vd., 2019). Yesil deniz kaplumbagalar1 genellikle herbivor
olarak bilinseler de o&zellikle erken yasam evrelerinde
ominivor ve pelajik beslenme o&zelligi gostermektedir
(Gonzalez Carman vd., 2014). Dolayisiyla, oltanin ucunda
asilt duran Oli ya da kacamayan bir kefal bireyi, yesil
deniz kaplumbagalar1 i¢in cezbedici bir besin kaynagi
olusturuyor olabilir. Buna ek olarak, birakma oltaya
yakalanan  yesil deniz  kaplumbagalarinin  oltay1
siriikleyerek baska bir alana tasiyabildigi de ifade
edilmistir (Ozyurt vd., 2019). Yeri degismis bir birakma
oltayr balik¢inin bularak geri almast ¢ok zordur. Bu
durum, belirlenen kayiplarin bir kismmin birakma oltalara
yakalanan yesil deniz kaplumbagalarindan kaynakli
olabilecegini gdstermektedir. Birakma oltaya yakalanmig
bir yesil deniz kaplumbagasinin normal yasamsal
faaliyetlerini (beslenme, gb¢ vb.) siirdirmesi miimkiin
degildirr. Bu ise kayip nedeninin (yesil deniz
kaplumbagasinin birakma oltaya yakalanarak baska bir
alana tagimasi), ayni zamanda hassas bir tiiriin 6liim
nedeni olabilecegini gostermektedir. Bu bdlgede, bir
balik¢ilik sezonunda kullanilan birakma olta sayisinin
67553 adet oldugu belirtilmistir (Ozyurt ve Koylii, 2024).
Kayip oram1 %4.13 oldugundan, bir sezondaki kayip
birakma olta sayisinin yaklagik 2800 adet oldugunu
anlagilmaktadir. Bu kayip miktarinin ne kadarmin yesil
deniz kaplumbagalarindan kaynakli oldugu
bilinmediginden, bu sorunun boyutu hakkinda yorum
yapmak zordur. Ancak yine bu gevresel riskin goz ardi
edilmemesi gerekir.

Bu ¢alismada elde edilen sonuglar; birakma olta takimi1
ile levrek avciliginin {ireme donemi Oncesindeki ii¢ ayda
yapildigini, hedef dig1 tiir sayisinin, miktarinin oldukga az
oldugunu ve boy seciciliginin yiiksek oldugunu
gostermistir. Bu anlamda ¢evre dostu bir avcilik yontemi
olarak goziikse de, kayip olan birakma oltalarin yesil deniz
kaplumbagalarina ~ zarar  verme  olasiligt  oldugu
anlagilmaktadir. Bu nedenle birakma olta takimlar
kayiplarimin nedenleri, yesil deniz kaplumbagalarinin
takimi siirtikleyerek baska alanlara tasidigina ve tiiriin
Olimiine neden olup olmadigma yonelik ¢alismalar
yapilmalidir.
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Abstract: In this study, the growth and survival of H. gammarus larvae and juveniles were
investigated in two different consecutive trials. In the first trial, newly hatched lobster larvae were
raised in 100 liter cylindro-conical tanks in triplicate. Each tank was stocked with 150 lobster larvae

Decapoda (a total of 450 larvae) and the growth and survival of larvae at the end of stage IV were determined.
Cannibalism In the second trial, the growth and survival of juvenile lobsters fed on three different diets were
Zoea larvae determined for a period of 102 days using an integrated recirculating system with 10% daily water
Wet diets renewal. For this purpose, a total of 3 different diets including a mollusk based (M), a crustacean

Anahtar kelimeler:

Homarid 1stakoz

based (C) and a commercial seabass diet (L) were prepared. A total of 135 juvenile lobsters, 45 for
each treatment were used for the juvenile growth trial. At the end of the larval growth experiment,
the mean carapace and total length of Stage IV larvae were 5.255+0.052 mm and 13.027+0.486 mm,
respectively, with no significant differences within tanks (p>0.05) and the mean survival rate of
lobsters was 13.11%. In the juvenile growth trial, the highest carapace length was 1.371+0.023 cm in
treatment C, followed by 1.251£0.039 cm and 1.187+0.095 cm in treatment M and L, respectively.
At the end of 102 days, the mean survival rates of juvenile lobsters were 98.7%, 80% and 53.3% in
treatments C, M and L, respectively. The most successful diet for juvenile lobsters, with respect to
growth and survival, was the crustacean based diet. The findings of this study provide information to
help improve the growth and survival rates of larval and juvenile H. gammarus in captivity.

Avrupa Istakozu (Homarus gammarus Linnaeus, 1758) Larva ve
Jiivenillerinin Kapah Devre Sistemde Biiyiime ve Hayatta Kalmalari

Decapod

Kanibalizm Oz: Bu cahigmada, H. gammarus larva ve jiivenillerinin biiyiime ve hayatta kalma oranlari 2 farkl
Zoea larvasi caligma ile arastirilmistir. Ilk denemede yumurtadan yeni ¢ikmus 1stakoz larvalar biyolojik filtrasyon
Yas yemler iceren kapali devre bir sisteme entegre 100 litre hacminde 3 adet silindir-konik tank kullanilmustir.

Her bir tanka 150 adet yumurtadan yeni ¢ikmus larvanin kullanildigi bu ¢alismada (toplam 450 larva)
larvalarin biiyiime ve hayatta kalma oranlari IV evre sonuna kadar tespit edilmis ve deneme larvalar
IV. evreye ulasinca sona erdirilmistir. ikinci denemede farkli yemlerin jiivenil 1stakoz biiyiimesi ve
hayatta kalmasi tizerindeki etkileri incelenmistir. Bliyime denemesine larvalar bentik asamaya
gectikleri IV. evreden sonra baglanmistir. Bu amagla mollusk (M) veya crustacea (C) igeren 2 farkli
yas yem ile ticari levrek yemi (L) olmak tizere toplam 3 farkli yem kullanilmistir. Her bir uygulama
icin 45 adet olmak tizere toplamda 135 adet 1stakoz kullanilmustir. Larval yetisiricilik denemesinde
IV. evre larvalarinin ortalama karapaks uzunlugu ve toplam uzunlugu sirasiyla 5,255+0,052 mm ve
13,0274+0,486 mm olarak tespit edilmis ve tanklar arasinda karapaks boyu ve toplam boy bakimindan
istatistiksel agidan onemli bir fark bulunmamustir (p>0,05) ve ortalama hayatta kalma oran1 %13,11
olarak bulunmustur. Istakoz jlivenillerinin biiyiitme denemesinde en biiyiik karapaks boyu
1,371£0,023 cm ile C ile beslenen grupta bulunurken, M ve L ile beslenen gruplarda karapaks
uzunlugu sirastyla, 1,251£0,039 cm ve 1,187+0,095 cm arasinda degisiklik gostermistir. 102 giin
siiren besleme ¢aligmasi sonucunda jiivenil 1stakozlarin ortalama hayatta kalma oranlari, C yemiyle
beslenenlerde %98,7, M yemiyle beslenenlerde %80 ve L yemiyle beslenenlerde %53,3 olarak
bulunmustur. Bu ¢aligmada elde edilen bulgular, H. gammarus larva ve jiivenillerinin yetistiricilik
sartlari altinda hayatta kalma ve biiylime oranlarinin arttirilmasina yonelik katki saglamaktadir.
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Introduction

In Turkey, wild harvests of the European lobster, H.
gammarus, have dropped considerably during the last two
decades and amounted to 1.8 tons in 2022, a substantial
drop from 25 tons in 2003 and 15 tons in 2008 (TUIK,
2023 www.tuik.gov.tr). However, it is believed that lobster
landings are much higher as the commercial lobster fishery
in Turkey is mostly by scuba-diving and trammel nets
therefore, the majority of lobster catches remains
unreported. On the other hand, the development of larval
culture methods for H. gammarus and their subsequent
release to suitable habitats have provided a substantial
supply of lobsters to the diminishing wild populations. In
the last three decades, restocking programs of H.
gammarus in Europe through hatchery production has
become a successful model (Bannister et al., 1994; Agnalt
et al., 2004). For example, on the east coast of England,
released lobsters survived in the wild for up to eight years
and have been caught in traps by commercial fishermen,
with survival estimates of 50-84% (Bannister et al., 1994).
In 1998, in southwestern Norway, following a restocking
program up to 50-60% of the landings belonged to
released lobsters contributing to the reproduction of the
natural stocks (Agnalt et al., 2004). A similar management
plan for diminishing native stocks of this species can be
adopted for the Turkish seas. The recent establishment of
mussel farms in northwest Turkey, i.e. in the Sea of
Marmara and the Canakkale Strait, may also provide a
refuge by providing a valuable food source for the released
lobsters in a no-fishing zone. In addition, in the last
decade, reports are promising both for the land-based and
sea-based culture systems for the commercial aquaculture
of the European lobster (Drengstig and Bergheim, 2013;
Daniels et al., 2015). There is currently no commercial-
scale hatchery production of H. gammarus in Tirkiye and
therefore, efforts are required for developing hatchery
culture methods for restocking purposes and to investigate
the aquaculture potential of H. gammarus. Land or sea-
based lobster aquaculture in Turkish waters may be
advantageous due to relatively higher temperature regime
throughout the year compared to northern climates.

Although well defined in the literature (Beard et al.,
1985; Nicosia and Lavalli, 1999; Fiore and Tlusty, 2005;
Ellis et al., 2015; Powell et al., 2017; Hinchcliffe et al.,
2022), larval and juvenile lobster culture is still
problematic due mainly to low survival rates during zoea
stages, lack of effective grow-out systems, high production
costs and slow growth (Daniels et al., 2015; Powell et al.,
2017). Typically, larvae are reared in 60-100 L cylindro-
conical tanks with an upwelling flow pattern using
enriched Artemia or other plankton types with a stocking
density of 50 larvae/L (Hinchcliffe et al., 2022). Lower
stocking densities did not improve survival rates
(Hinchcliffe et al., 2022; Onal and Baki, 2021). Survival in
commercial hatcheries range between 5-20% (Hinchcliffe
et al., 2022). and therefore, there is still room to develop
successful and standardized methods for larval rearing.

A successful diet development is a crucial part of
lobster grow-out operations for economic production.

However, information on the nutritional requirements of
the European lobster is relatively limited compared to the
American lobster, H. americanus and spiny lobsters
(Goncalves et al., 2020; Hinchcliffe et al., 2020). Although
formulated dry diets offer several advantages such as
reduced feeding and labor costs, nutritional consistency
and sustainable production (Powell et al., 2017), wet feeds
(fresh or frozen) such as mussel, krill and squid are
preferred over dry diets for H. gammarus grow-out
(Hinchcliffe et al., 2022). Efforts toward developing dry
diets for juvenile European lobsters have resulted in lower
growth and/or survival compared to wet or moist diets. For
example, growth and survival of H. gammarus post-larvae
fed on wet shrimp feed were significantly higher than
those fed on dried feed ingredients (Hinchcliffe et al.,
2020). Similarly, growth of H. gammarus juveniles were
inferior when they were fed dry, formulated feeds
containing 38.5-49.7% protein, 8.5-23.3% lipid and 20.97-
34.69% carbohydrate compared to a krill control diet
(Goncalves et al., 2020). High protein requirements (50%),
along with benefits of carotenoids and chitin
supplementation for better growth, survival and wild-type
coloration in H. gammarus juveniles have been reported
(Goncalves et al, 2020; Goncalves et al., 2022;
Hinchcliffe et al., 2022). Further studies are required to
elucidate nutritional requirements and develop standard
feeding protocols for better lobster grow-out practices.
Despite the obvious advantages of a formulated pelleted
food in lobster culture, a formulated wet diet that supports
the growth and survival of all stages of lobsters is still
relevant for shedding light on the nutritional requirements
and successful grow-out of lobster juveniles.

This study aims to investigate the growth and survival
of H. gammarus larvae and juveniles in two consecutive
trials. In the first trial newly hatched larval lobsters were
cultured in 100 L cylindro-conical tanks with low stocking
densities. In the second trial, early juveniles (stage V-X)
were cultured using locally available feed ingredients.
Local supply of feed sources is important in terms of
sustainable production of lobsters. For this purpose, the
performance of a high protein commercial seabass feed
was compared to that of two wet diets containing either
crustaceans or mollusks which are locally available. An
important objective of the present study is to develop a
feeding protocol that will result in high growth and
survival rates of juvenile lobsters which will be an
important roadmap for future grow-out studies.

Material and Methods
Experimental animals

The experiments were carried out in the Marine
Resources Research Laboratory, Faculty of Marine
Sciences and Technology, Canakkale Onsekiz Mart
University. (Dardanos, Canakkale, Tiirkiye). Larvae were
obtained from a single wild-caught ovigerous female
caught by commercial fishermen using trammel nets in
February 2022. Two experiments were carried out to
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determine the growth and survival rates of lobster larvae
and juveniles. Water quality parameters were measured
daily and included dissolved oxygen, pH, salinity and
ammonia (NHs).

Larval growth and survival experiment

Larvae were reared in a recirculating system,
containing 100 L cylindro-conical tanks and a biofilter.
Aeration was supplied with air stones to prevent larval
settlement on the bottom of tanks and water stratification.
The experiment was carried out in triplicate and 150 larvae
were added to each tank corresponding a stocking density
of 1.5 larvae/L. Densities <20 larvae/L can be considered
as low density compared to typical higher stocking
densities (>50 larvae/L) used in commercial lobster culture
(Hinchcliffe et al., 2022). 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 feeding was given
between 18:00-09:00. Lighting was ambient with no
overhead illumination. Fresh seawater exchange rate was
10% daily. Growth was monitored for each stage by
measuring total length (TL) and carapace length (CL). The
experiment was terminated once all larvae reached stage
V.

Juvenile growth and survival experiment

In a second experiment, growth and survival of
juveniles fed on 3 different diets were determined for a
period of 102 days. For this purpose, a crustacean based
diet (C), a mollusk based diet (M) and a commercial
seabass pellet feed (L) were used. Diets C and M were wet
diets (moisture content > %60). Diet M composed of 50%
mussel meat, 30% seabass pellet feed and 20% gelatin
(w:w). Diet C only composed of 80% crustaceans and 20%
gelatin. All ingredients were mixed together in a blender to
form a wet paste and bound with gelatin. Wet diets were
preferred over dry diets as preliminary experiments
indicated higher acceptance of wet diets by lobster
juveniles. Only larvae that reached stage IV within 5 days
were pooled and used. Juvenile lobsters were kept
separately to prevent cannibalism. For the growth study,
juveniles were transferred to plastic boxes with 15
individual 4x6 cm compartments. Treatments were
randomly assigned to each box (15 lobsters per box) with
three replicate per treatment corresponding to a total of 45
juvenile lobsters per treatment. Juvenile lobsters were
randomly allocated to compartments and allowed to
acclimate for 2 days. Growth was monitored periodically
(day 1, 18, 31 and 102) by measuring TL and CL
throughout the experimental period. Daily ration was
added to each compartment and the juvenile lobsters were
allowed to feed for 4 hours. Uneaten feed was then
removed from each container. The proximate nutritional
compositions of diets are given in Table 1.

Table 1. The proximate nutritional compositions (%) of diets used in the juvenile grow-out experiment. C: crustacean

based diet, L: seabass pellet, M: mollusc based diet

Diet Protein Lipid Ash Moisture
C 36.94+0.60 20.26+0.16 31.15+0.17 76.78+0.60
L 44 86+5.63 19.92+0.88 7.36+0.03 7.56+0.33
M 48.81+0.54 16.48+0.36 7.30£0.03 73.39+1.44

Statistical analysis

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

Larval growth and survival

Water quality parameters during the experimental
period were as follows: Temperature ranged between 17 -
19.2 °C; dissolved oxygen 7.8-8.3 ppm and salinity 32+1
ppt. NH3-N levels were below 0.1 ppm.

The carapace and total length of larvae are given in
Table 2 and 3. The initial carapace and total length of

larvae were 2.602+0.157 mm and 8.094 +0.118 mm,
respectively, with no significant differences between tanks
(p>0.05). Stage Il larvae had a carapace and total length of
3.404+0.116 mm and 9.746+0.252 mm, respectively. Stage
IIT larvae had a carapace and total length of 3.404+0.116
mm and 9.746+£0.252 mm, respectively. The mean
carapace and total length of Stage IV larvae were
5.25540.052 mm and 13.027+0.486 mm respectively, with
no significant differences between tanks.

The highest growth rate in CL was observed when
larvae transformed from stage | to stage Il (Table 2).
Subsequent stages had lower growth. Changes in carapace
length of larvae between stages I-I1, 1I-111 and 111-1V were
%30.8; %16.8 and %32.2%, respectively. Changes in TL
were lower than those for CL (Table 3).

The survival rates of larvae at the end of the
experiment differed between the tanks with a mean
survival of 13.11%. Survival rates were 16.0, 15.3 and
8.0% for tank 1, tank 2 and tank 3, respectively.
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Table 2. Changes in carapace length of lobster larvae at different stages

Stage Tank 1 Tank 2 Tank 3 Mean + SE
| 2.667£0.22 2.716+0.14 2.423+0.18 2.602 £0.157

I 3.358+0.17 3.536+0.12 3.319+0.25 3.404+0.116
Il 3.744+0.10 3.883%£0.11 4.299+0.24 3.975+0.288
v 5.299+0.28 5.197+0.22 5.269+0.16  5.255+0.052

Table 3. Changes in total length of lobster larvae at different stages

Stage Tank 1 Tank 2 Tank 3 Mean + SE
| 8.082+0.26  8.218+0.14  7.983+0.10  8.094 +0.118

1 9.614+0.32  10.037+0.25 9.587+0.60  9.746+0.252
Il 10.332+0.36  10.401+£0.33  11.102+0.28 10.612+0.426
v 13.0124£0.69 12.548+0.48 13.520+0.58 13.027+0.486

Juvenile Growth and Survival

Water quality parameters during the experimental
period were as follows: Temperature ranged between 17.0
- 19.5 °C; dissolved oxygen 6.0-6.9 ppm and salinity 32+1
ppt. NHs-N levels were below 0.1 ppm.

The overall mean initial carapace and total length of
larvae were 0.545+0.007 cm and 1.466+£0.018 cm,
respectively, with no significant differences between
treatments. Changes in carapace and total length of
juvenile lobsters are given in Table 4.

There were significant differences between treatments
18 days after the start of the experiment (ANOVA; p =
0.0065). The lowest carapace length was 0.775+0.008 cm
in treatment L which was significantly lower than that of
treatment C (Tukey HSD test; p<0.05). There was no
significant difference between treatments M and C with

CL of 0.818+0.018 cm and 0.856+0.028 cm, respectively
(Tukey HSD test; p>0.05).

There were significant differences between treatments
31 days after the start of the experiment (ANOVA; p =
0.0004). The lowest carapace length was 0.972+0.004 cm
in treatment L. Treatment C had the highest CL of
1.03040.013 cm which was significantly higher than those
of other treatments (Tukey HSD test; p<0.05).

There were significant differences between treatments
102 days after the start of the experiment (ANOVA; p =
0.048). The highest mean CL was 1.347+£0.023 cm in
treatment C, followed by 1.25340.039 cm and
1.251+0.039 cm in treatment L and M. The CL of
treatment C was significantly higher than that of treatment
L (Tukey HSD test; p<0.05), but there was no significant
difference between treatment C and M (Tukey HSD test;
p>0.05).

Table 4. Changes in carapace (CL) and total length (TL) of lobster juveniles fed with 3 different diets. R: Replicate; C:

crustacean based diet, L: seabass pellet, M: mollusc based diet. Letters denote significant differences (p<0.05)

Day T R1 R2 R3 Mean CL Mean TL
CL TL CL TL CL TL +SE +SE

1 C 0517 1472 0524 1481 0589 1493 0.543 +£0.040? 1.482 +0.0112
L 0543 1467 0.561 1496 0512 1.448 0.539+0.0252 1.470+0.0242
M 0576 1.461 0547 1454 0533 1423 0.552+0.0222 1.446+0.0202
18 C 0878 1.863 0.825 1.854 0.866 1.848 0.856+0.028° 1.855+0.0082
L 0784 1.793 0771 1745 0.769 1.734 0.775+0.0082 1.757+0.031P
M 0798 1.769 0.831 1818 0.825 1.789 0.818+0.018° 1.792+0.025°
31 C 1.040 2.289 1.015 2303 1.034 2.375 1.030+0.013° 2.322+40.0462
L 00968 2147 0972 2166 0976 2.185 0.972+0.0042 2.166+0.019P
M 0983 2119 0.987 2123 0992 2.136 0.987+0.0052 2.126+0.009P
102 C 1325 2.809 1344 2822 1371 2.836 1.347+0.023P 2.82240.0142
L 1269 2581 1.209 2518 1.282 2591 1.253+0.0392 2.563+0.040P
M 1210 2511 1256 2568 1.288 2.608 1.251+0.0392 2.562+0.049P
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There were significant differences in the TL of
juveniles between treatments after 18 days (ANOVA,
P=0.0061). The highest TL was 1.855+0.008 cm in
treatment C, followed by 1.79240.025 cm and
1.75740.031cm in treatment M and treatment L,
respectively. Total length of larvae in treatment C was
significantly higher than those of treatments M and L
(Tukey HSD test; p<0.05).

There were significant differences in the TL of
juveniles fed on three different diets 31 days after the start
of the experiment. The highest TL was 2.322+0.046 c¢m in
treatment C which was significantly higher than those of
2.166+0.019 cm and 2.126+0.009 in treatment M and L,
respectively (Tukey HSD test; p<0.05).

There were significant differences between treatments
102 days after the start of the experiment (ANOVA,
p=0.002). The highest TL was 2.822+0.014 cm in
treatment C, followed by 2.563£0.040 cm and
2.56240.049 cm in treatment L and M, respectively. The
total length of treatment C was significantly higher than
those of other treatments (Tukey HSD test; p<0.05) and
there were no significant differences between treatment M
and L (Tukey HSD test; p>0.05).

The survival rates of juvenile lobsters were
significantly different among treatments by the end of the
experimental period. Juveniles fed on diet C had highest
survival rate with 99.78%, followed by lobsters fed on diet
M with 80% and those fed on diet L with 53.33% (Tukey
HSD test; p<0.05).

Discussion

In this study, H. gammarus larvae were cultured in 100
L cyclindro-conical tanks in a recirculating system
achieving a mean survival rate of 13% by stage IV. This
survival rate aligns with reported values of 10-15% by
previous researchers (Jorstad et al., 2009; Ellis et al.,
2015). Enriched Artemia nauplii supported the growth of
zoea stages and the growth of larvae up to stage IV was
consistent with findings from other studies (Agnalt et al.,
2013; Middlemiss et al., 2015; Powell et al., 2017; Onal
and Baki, 2021). In an earlier study, Onal and Baki (2021)
reported a survival rate of 3% using 800 L tanks with a
larval density of 1.25 larvae/L. Similarly, lower stocking
densities in the present study did not support higher
survival rates which is in accordance with Hinchcliffe et
al., (2022). Although the feeding regimes and stocking
densities were similar between the two studies,
considerably higher rates of survival obtained in this study
may be due to the smaller volume of the culture tanks.
Smaller tank volumes allow a better control of the tank
environment in terms of water quality, prey density and
distribution, turbulence and flow patterns compared to
larger volumes. However, despite similar growth rates,
survival rates in tanks ranged between 8-16%. Variations
in survival rates between replicates are common in the
culture of larval stages of fish and crustaceans and specific
reasons for this varying success levels are usually
unknown but may indicate differences in tank specific

conditions. Since, progeny, nutritional composition, size of
live prey (Artemia nauplii), prey abundance, feeding
regime, illumination, flow rates, water quality and other
aspects of overall husbandry practices were similar across
all tanks, factors that are difficult to control such as
turbulence and conspecific aggression might have
contributed to lower survival rates. In fish larvae culture,
for example, turbulent water flow reduced the likelihood
of cod (Gadus morhua) larvae to successfully chase and
ingest prey items in larval tanks (MacKenzie and Kigrboe,
2000). However, the raptorial feeding behavior of zoea
larvae of H. gammarus is in contrast to ambush predation
by fish larvae and turbulence, may in fact, facilitate larval
lobster feeding through pelagic stages I-111 by increasing
chance encounter. A larval culture tank design that will
maximize encounter and capture rates of prey with respect
to turbulence may result in higher survival rates. In
addition, a potential improvement in lobster larvae culture
may be to maintain a prey density of 3-5 nauplii/ml
throughout a 24 h period, particularly during the night
because pelagic larvae exhibit active feeding behavior at
night (Juinio and Cobb, 1992). Increasing survival rates of
larvae remains to be an important challenge for mass
production of lobster larvae.

The growth rates of larvae through stages I-1V were
similar to those reported in earlier studies (Agnalt et al.,
2013; Middlemiss et al., 2015; Powell et al., 2017; Onal
and Baki, 2021). Slight differences in growth rates
observed with respect to the carapace length and total
length is due to the curvature of the abdomen and flexion
of abdominal segments which result in differences when
taking measurements. Therefore, carapace measurements
have inherently lower variations and is a better indicator of
growth in early stages of lobster development. In this
study, there were differences in growth rates of lobster
larvae based on carapace length between consecutive
stages (16.8-32.2% through stages I-11, 1I-111 and 11-1V).
Similar differences in growth rates between stages were
reported by other researchers (Agnalt et al., 2013; Onal
and Baki, 2021). However, Middlemiss et al. (2015)
reported similar rates of changes in carapace length
through stages I-1V. Discrepancies between growth rates in
succeeding stages may be a factor of prey quality and
quantity and may and indicate suboptimal conditions in the
culture tank.

The lack of suitable artificial diets has been considered
as a major bottleneck for lobster culture (Powell et al.,
2017; Hinchcliffe et al., 2020; Goncalves et al., 2021).
However, similar to fish larval culture, formulated dry
diets inherently resulted in lower growth and survival rates
in H. gammarus and H. americanus juvenile culture
(Conklin et al., 1975; Ali and Wickins, 1994; Goncalves et
al., 2020). In this study, a crustacean based wet diet (diet
C) resulted in higher growth and survival rates in juvenile
lobsters compared to those of other diets (diets L and M)
containing non-crustacean ingredients. The higher growth
of lobster juveniles fed on diet C was noticeable 18 days
after the start of the trial and this trend was consistent
throughout the experimental period. However, growth rate
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exhibited a decreasing trend in all treatments throughout
the experimental period. A decreasing trend in growth
rates may indicate sub-optimal feeding rate, compartment
size limitations or undetected water quality problems. In
the present study, juvenile lobsters fed on a commercial
seabass pellet feed with a relatively higher protein and
lipid contents (44.86%+5.63 and 19.92+0.88, respectively)
had the lowest growth and survival rates and proved that
this diet did not meet the nutritional requirements of
juveniles when fed alone. The mollusk based diet, on the
other hand, performed slightly better than the seabass
pellet in terms of growth but performed considerably better
in terms of survival rates. Both the crustacean based diet
and the mollusk based diets performed well in terms of
growth and survival for early juveniles. The crustacean
based diet supported the growth and survival of juvenile
lobsters and only 1 individual out of 45 died during the
experimental period of 102 days. The lower protein
content of the crustacean diet (36.94%+0.60) compared to
those of other diets did not result in reduced growth rates
and survival. Similarly, Conklin et al. (1975) suggested a
protein requirement of 30% for the American lobster, H.
americanus. given sufficient non-protein sources in their
diet. In contrast, previous studies on dietary requirements
of H. gammarus suggested higher protein requirement for
juveniles (Goncalves et al., 2020; Hinchcliffe et al., 2020;
Powell et al., 2017). In the present study, higher growth
and survival of juveniles fed on diet C with lower protein
level may also indicate that nutritional factors other than
protein plays an important role for H. gammarus juveniles.
For example, chitin along with calcium carbonate and
protein was considered as an important component of
crustacean shells (No and Meyers, 1995). Dietary
supplementation of chitin and its derivatives such as
glucosamine were shown to increase survival in
crustaceans (Powell and Rowley, 2007; Niu et al., 2013)
and H. gammarus juveniles (Hinchcliffe et al., 2020;
Goncalves et al., 2022). Although chitin and astaxanthine
levels were not measured in the experimental diets, both
chitin and astaxanthine levels are expected to be much
higher in the crustacean diet as indicated by the higher ash
content. This finding supports those of earlier reports and
indicates that dietary chitin is crucial for juvenile lobster
growth and survival (Powell and Rowley, 2007; Niu et al.,
2013; Goncalves et al., 2022).

Although, wet diets hold the promise of higher growth
and maintaining the natural coloration of cultured lobsters,
potential drawbacks such as presentation and delivery of
wet or semi-moist feed particles and higher leaching rates
should be investigated. The use of different binders may
also offer effective solutions to develop better wet/moist
diets for juvenile lobsters. Despite the higher growth of
juvenile lobsters with wet diets in the present study,
optimization of the nutritional contents and intrinsic
properties of feed particles along with husbandry protocols
and technical and economic aspects of maintaining larger
size lobsters are the major obstacles that needs to be
addressed in future studies for land-based lobster
aquaculture.
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Abstract: Fish assemblages have not been studied at the family level using comprehensive environmental variables. Ecological
studies focusing on spatiotemporal density (abundance and biomass) and morphometry (size and inter-traits relationships) of fish
species have been highly limited in the Mediterranean Sea, particularly in the Turkish Levant coast. Gurnards (Family: Triglidae)
have received little attention in ecological research. In the present study, in order to outline the spatiotemporal dynamic of density
and morphometry in space (region and bottom depth) and time (season) alongside environmental parameters, gurnards collected
seasonally from a study conducted on shelf/shelf break of the Antalya Gulf in 2014-2015 (de Meo et al. 2018) were studied. A
total of 79 stations were sampled in year period (22 stations in May, 17 in August, 21 in October and 19 in February). Of the total
stations, occurrence of the gurnards in stations varied between 4 (Trigla lyra) and 34 (Lepidotrigla cavillone). The gurnards were
represented by six species in Antalya Gulf. In general, the small-sized specimens (L. cavillone and L. dieuzeidei < 15 cm)
outnumbered the larger specimens (Chelidonichthys lucerna, C. cuculus, C. lastoviza and T. lyra) in the gurnard population. The
species were significantly differentiated by the bottom depth, followed by the depth-gradient environment. Shallow water, middle
shelf and deeper water species were distinguished among the six species. The gurnards avoided the seagrass meadows. Only
Chelidonichthys lastoviza was found close to the meadow beds. Small-sized species had more abundance than large-sized species
on bare bottoms. Large-sized species exhibited greater sizes in eutrophic areas compared to those in oligotrophic areas, whereas
small-sized species had similar sizes in both trophic states, leading to differences in their growth types. Overall, females
outnumbered the males for all species and the species exhibited a size-dependent sexual dimorphism with the females being longer
and heavier than the males. Assemblage of six gurnard species was correlated with depth, thus bottom type (coarse to fine material
of sediment from coast to open water) and chl-a and fine bioseston. With respect to fish-epibenthic fauna relation, the gurnard
community was correlated primarily with Decapoda and Holothuroidea and secondarily with Crinoidea, followed by Ophiuroidea.
The gurnards were distributed specifically at different depths of the shelf/break, preferring bare bottoms in general with depth-
graded environment in space and time.

Antalya Korfezi'ndeki Farkli Cevresel Degiskenlere Bagh Olarak Kirlangic Baliklarimin
Topluluk Yapisi

Oz: Balik topluluklari kapsamh cevresel degiskenlerle familya diizeyinde incelenmemistir. Balik tiirlerinin mekansal-zamansal
yogunlugunu (bolluk ve biyokiitle) ve morfometrisini (boyut ve aralarindaki iligkiler) belirlemek i¢in ekolojik ¢alisma Akdeniz'de,
ozellikle Tirk Levant kiyilarinda oldukga sinirli olmustur. Ekolojik ¢alisma i¢in goz ardi edilen balik familyalarindan olan
Triglidea'dir. Mekansal (bdlge ve dip derinligi) ve zamansal (mevsim) yogunluk ve morfometrinin mekansal-zamansal
dinamiklerini ¢evresel parametrelerle dzetlemek icin, 2014-2015 yillarinda Antalya Korfezi'nin kita sahanlhigi/sahan kiriginda
yiiriitiilen bir ¢alismadan mevsimsel olarak toplanan kirlangic baliklart degerlendirilmis ve ardindan istatistiksel analizler
kullanilarak yorumlanmistir (de Meo ve vd. 2018). Y1l i¢indetoplam 79 istasyon drneklendi (22 istasyon Mayis'ta, 17 istasyon
Agustos'ta, 21 istasyon Ekim'de ve 19 istasyon Subat'ta). Toplam istasyonlarda, gurnard baliginin varligi 4 (Trigla lyra) ile 34
istasyon (Lepidotrigla cavillone) arasinda degisti. Kirlangi¢ baliklar1 Antalya Korfezi'nde alt tiirle temsil edilmistir. Genel olarak,
kirlangig balik tiirii popiilasyonunda kiigiik boyutlu tiirler (L. cavillone ve L. dieuzeidei < 15 cm) biiyiik tiirlerden (Chelidonichthys
lucerna, C. cuculus, C. lastoviza, ve T. lyra) sayica daha fazlaydi. Ornekler, dip derinligine, ardindan derinlik bagh gevresel
parametrelere gore onemli olgiide farklilasmistir. Alt1 tiir arasinda s1g su, orta sahan ve daha derin su tiirleri ayirt edilmistir.
Kirlangig¢ baliklari ¢ayirlik alandan uzak kaldi. Cayir yatagina yakin sadece Chelidonichthys lastoviza bulundu. Cayirlarin
bulunmadig ¢iplak dipte, kii¢iik boylu tiirler bilyiik boylu tiirlerden daha fazla bolluga sahipti. Daha biiyiik boylu tiirler 6trofik
alana kiyasla oligotrofik alanda daha kiiglik boyuta sahipti, ancak kiigiik boyutlu tiirler karsilastirmali olarak benzer araliklarda
olgiildi, bu da karsilagtirmada biiyiime tipini degistirdi. Genel olarak, tiim tiirlerde disi bireyler erkeklerden daha fazlaydi ve tiirler
boyut olarak eseysel dimorfizme sahipti; disi bireyler erkeklerden daha uzun ve daha agirdi. Alt1 kirlangi¢ baligi tiiriiniin toplulugu
dip derinligiyle, dolayisiyla dip tipi (kiyidan agik su tabanina kadar sedimanin kaba ila ince malzemesi) ve chl-a ve ince
biyosestonla iliskilendirildi. Balik-epibentik fauna iliskisi acisindan, kirlangi¢ balik toplulugu oncelikle Decapoda ve
Holothuroidea ile ve ikincil olarak Crinoidea ile, ardindan Ophiuroidea ile iliskilendirildi. Kirlangi¢ baliklari, kita
sahanligm/kingmn farkh derinliklerine tiir bazinda dagilmis olup, genel olarak mekansal ve zamansal dip derinligi bagh ¢evre ile
¢iplak dipleri tercih etmektedir.
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Introduction

Besides their worldwide occurrence in temperate and
tropical marine waters (about 114-125 triglid species
belonging to 8 genera) (Colloca et al., 2019; Dobroslavi¢ et
al., 2021), the sea robins or gurnards are widely distributed
in the Mediterranean Sea, represented by eight species.
They are found on the shelf and shelf slope (Colloca et al.,
2019). Gurnards have been valued commercially and also
are considered by-catch and discard fish in some cases
(Machias et al., 2001). Concerns on commercial gurnard
fisheries are minimal, with only large specimens caught as
by-catch being valued for food (Colloca et al., 2019). The
gurnards inhabit sandy and muddy bottoms and feed mainly
on epibenthic fauna (Platella and Potter, 1999). Therefore,
from an ecology standpoint, studying gurnards’ feeding
behavior is important to study prey-predator interaction
(Platella and Potter, 1999), spatiotemporal density and
morphometry distribution in different locations. Recently,
Colloca et al., (2019) highlighted the significance of
gurnards with respect to their spatiotemporal distribution in
the western Mediterranean Sea, noting that the abundance
of coastal species has been declining compared to the deep-
dwelling gurnards over the past 2 decades.

Understanding the life history patterns of fish species is
crucial for effective fisheries management across different
temporal and spatial scales. The main factor which affects
the local distribution and abundance patterns of fish
assemblages in space and time is the bottom depth inducing
different bottom type and seasonal hydrography of the water
column and food availability (e.g. Demestre et al., 2000;
Kallianiotis et al., 2000; Araujo et al., 2002; Katsanevakis
et al., 2009). All these factors are well known to influence
the distribution of density and size traits of the gurnards
(Colloca et al., 2003).

Levantine Basin, one of the largest Mediterranean
basins under the influence of climate chance, is
characterized by high temperature and the “tropicalization”
of the subtropical climate, inducing high salinity and
extreme oligotrophy (Sisma-Ventura et al., 2017). Climate
related changes could reduce discharge rates of some rivers
feeding the Levantine basin, located in the eastern
Mediterranean Sea. Gulf of Antalya is one of the ultra-
oligotrophic regions of the eastern Mediterranean Sea
(Sisma-Ventura et al., 2017) and is impacted by the
introduction of non-indigenous species primarily via Suez
Canal, followed by the Atlantic rim current and ballast
waters. The Turkish coastal area, Antalya, Mersin and
Iskenderun harbors in particular, has economical and
strategical importance and is under the pressure exerted by
the inputs of organic material and chemical pollutants
derived from intense urbanization, maritime, touristic and
agricultural activities (Polat-Beken et al., 2009; de Meo et
al., 2018).

In the Mediterranean Sea and its basins, gurnards have
been studied in terms of their spatial or temporal or both
spatial and temporal distribution of demersal catch values
using specimens considered as by-catch or discard fish (e.g.
Machias et al., 2001; Damalas et al., 2010; Ordines et al.,

2014; Farriols et al., 2017; Colloca et al., 2019). Gurnards
were also studied for their population growth dynamic
parameters (e.g. Papaconstantinou, 1984, 1986; ismen et al.,
2004; Ilhan and Togulga, 2007; Ragonese and Bianchini,
2010; Tirker et al., 2010; Mehanna, 2022; Sirin et al., 2024)
and population structure (e.g. Tsimenides et al., 1992;
Terrats et al., 2000; Merigot et al., 2007; Massuti and
Renones, 2005; lhsanoglu et al., 2016). Majority of the
studies focused on a single species, overlooking the
interaction among other gurnard species collectively. Some
researchers studied diet (Caragitso and Papaconstantinou,
1994; Terrats et al., 2000; Boudaya et al., 2007; Stagioni et
al., 2012; Montanini et al., 2017; ilhan 2019) and
reproduction (e.g. Boudaya et al., 2008; Dobroslavi¢ et al.,
2021) of the gurnards. Numerous other studies have
analyzed the distribution patterns of fish communities in the
Levantine Sea, but their ecological interactions have barely
been outlined regarding density and size of specimens in
space and time. However, ecological studies on fishes are
highly limited in the literature, and the studies were
conducted in a wide range of the stratified bottom depths
without considering certain  specific environmental
variables in relation to the fish community. Fishery
biologists measured generally basic physical parameters
(temperature and salinity of the water). With limited
environmental variables such CTD (temperature and
salinity), the first ecological study performed on gurnards
was conducted in the Cretan waters (Tsimenides et al.,
1992). In Turkey, only few studies on the ecology with
comprehensive environmental parameters are available (de
Meo et al., 2018). Ecological studies at the fish family level
are important because they highlight the ecology of a
specific family, unaffected by the species of other families.
This approach reflects the ecological patterns of the most
abundant and dominant fish species within the same study.
(Mutlu et al., 2021, 2022b, e, f).

Regarding the density and morphometry, the objective
of the present study was to investigate the spatial and
temporal structure of gurnard assemblages found over the
shelf of Antalya Bay and to determine their response to
various environmental variables.

Material and Methods

Details of fish sampling and environmental parameters
are given in a paper published by de Meo et al., (2018).
Briefly, specimens of the family Triglidae were collected
using an otter bottom trawl (mesh size 44 mm in diamond,
head rope length: 35 m) from the continental shelf and shelf
break of Gulf of Antalya, Tiirkiye. The temporal trawl
samplings were conducted in May, August, October 2014
and February 2015 to study the density of the species in
space and time. Spatial samplings were performed in three
different transects (R1, R2 and R3) each having a bottom
depth of 10, 25, 75, 125 and 200 m and one riverine coastal
transect (R4) on the shelf and one of the transects was
located in non-fishing zone (R3) (Fig. 1). Furthermore,
there were two shelf break sampling stations located on a
bottom depth of 300 m, one for R3 (non-fishing zone), and
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one for pooled region of R1-R2 (fishing zone). Trawl
sampling duration was 30 minutes. After recovery of the
trawl on board of R/V “Akdeniz” from each sampling, the
fish and other materials were sorted, identified, and number
of individuals and total weight were determined on board.
For laboratory work, the significant parts of the total catch
were frozen at -18 °C. but when in doubt, further detailed
identification was performed in the laboratory (de Meo et
al., 2018).

After each trawl operation, the environmental
parameters were recorded and analyzed for ecological

studies. The parameters were composed of physical (sea
surface and near-bottom temperature, salinity, density, pH
and dissolved oxygen), chemical (chlorophyll-a, suspended
matter: seston, tripton and bioseston in three size fractions
separated using sieves of 1, 0.5 and 0.063 mm), and optical
(Photosynthetically Active Radiation and Secchi disk
depth) measurements and materials. Furthermore, bottom
types of sampling ground were determined using a scientific
echo sounder by a software of Visual Bottom Typer, VBT
(BioSonics inc.). Details of the environmental parameters
measurements and analyses were given in a paper published
by de Meo et al., (2018).
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Figure 1. Seasonal trawl sampling track lines during 2014-2015 (blue; spring 2014, green; summer 2014; red; autumn 2014
and magenta; winter 2015), and two miles border for prohibition of the fishery, red line and 12 miles border, blue
line, and fixed depths are in the order of the shallowest to the deepest bottom depths from the coast to open water
seaward in each of regions (R1-R3) (a), and the study area showing different bottom types (BT) from the acoustical
track lines by the echo sounder in 2014-2015 (b) (from Garuti and Mutlu 2021).

The catch data of each fish species were then converted
to biomass (kg/km?) and abundance (ind/km?) taking the
trawling distance converted from GPS data and trawl
effective width (35 m * 0.5; 0.5 is a constant suggested by
Pauly, (1980). In addition to weight and number of
individuals, individual total length and weight of were
recorded in a precision of mm and 0.0001 g, respectively.
Sex was determined from gonads. Sex ratio was calculated
using female (F)/Male (M).

For statistical analyses, univariate analyses and
multivariate analyses were used to determine faunal
assemblage and fauna-environment relation. Univariate
analyses were used for assessing dominance (DO% equal to
number of stations with occurrence of the species / total
station number*100), frequency occurrence (FO%),
numerical occurrence (NO%) (Holden and Raitt 1974), and
Soyer index was used for the determination of constant
DO0%>50), common (25<D0%<50) and rare (DO%<25)
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species in the study area (Soyer, 1970). Univariate analyses
were used also for estimating length distribution and
histograms, length-weight relationship (power fit regression
and Pearson correlation) and their sexual difference
(Analysis of Covariance: ANOCOVA), significance
(student t-test), difference in abundance, biomass, length
weight and sex ratio among the transect, season and bottom
depths (Three and One -way Analysis of Variance:
ANOVA) and growth type (t-testing difference of estimated
slope from an isometric growth, value 3). The post-hoc test
(LSD, least significant difference) was then applied to each
variable separately for each factor (way). The data was
checked for random distribution, taking the mean-variance
dependence into account for each factor (way) (FAO, 1991),
and then, the data was logl0-transformed before any
statistical analyses. A COST function (Shimazaki and
Shinomoto 2007) was applied to length data to estimate the
optimal bin size (size class). Accordingly, the empirical
methods for the bin size selection in a bar graph histogram
in an order are as follows : i) estimation of the number of
sequences required for the histogram, and ii) estimation of
the scaling exponents of the optimal bin size were
corroborated by theoretical analysis derived for a generic
stochastic rate process by dividing the observation period T
into N bins of width A from the measurement (iii), and
counting the frequency (ki) of ith bin size (iv), and then
constructing the mean and variance of the number of ki (V)
before repeating that computing the cost function changing
the bin size A to search for minimum CA=* (vi) which is the
optimum bin size for the measurement. Thereafter, Kernel
Density Function (KDF) was applied to the length-
frequency data to determine the length cohorts. The choice
of interval width (bin width/band width) is one of the central

problems in density estimation within discriminated growth
cohorts. There are several ways to select an appropriate bin
width for histograms; frequency polygons, or averaged
shifted histograms and a bandwidth for the KDF. The KDF
are superior at recovering interesting structure (Scott,
1979). All statistical analyses were performed using the
statistical tool of MATLAB (R2021a, MathWorks, Inc.).
The length frequency plot of three abundant gurnard species
was formed using FISAT Il software (vers. 1.2.2., Gayanilo
and Pauly 2001).

A data matrix of the gurnard abundances was subjected
to canonical correspondence analysis (CCA) to cluster the
stations to estimate the gurnard species-environment
relation and the gurnard species-mega benthic fauna (Garuti
and Mutlu 2021; Patania and Mutlu 2021) relation using
CANOCA (VER 45.). According to high explained
variance in total, CCAl and CCA2 elucidating best the
relationships were taken into account of the cluster
estimation. In the present study, all statistical tests were
significantly accepted at p < 0.05.

Results

In the shelf and shelf break waters of Antalya Gulf,
specimens of family Triglidae were represented with six
species (Table 1). The most encountered species were
Lepidotrigla cavillone and Trigloporus lastoviza (accepted
valid name as Chelidonichthys lastoviza), and both species
were assigned as common species according to Soyer index
(Soyer, 1970). However, there was no constant gurnard
species in the study area (DO%>50) (Table 1). The rest of
the species were considered as rare (DO%<25) (Table 1).

Table 1. Annual percent dominance (DO%), frequency of occurrence (FO%) and numerical occurrence in abundance (NO%)
and biomass (BO%) of gurnards and all species (165 species caught during the present study) and catch amount in
average * standard deviation (Avg+SD) and maximum abundance: Max (A in ind/trawl) and weight (B in kg/trawl).
Tot denotes total number of individuals captured with trawl for each species.

; Triglidae species
Species

All species Catch in A Catch in B

Abb. DO% FO% NO% BO% FO% NO% BO% Avg+SD Max Tot Avg+SD Max

Chelidonichthys cuculus

(Linnaeus, 1758) Ccuc 759 632 271 319

Chelidonichthys lucerna

(Linnaeus, 1758) Cluc 17.72 1474 116 248

Lepidotrigla cavillone

(Lacepéde, 1801) Lcav 43.04 35.79 65.65 53.44

Lepidotrigla dieuzeidei

Blanc & Hureau, 1973 Ldie 16.46 13.68 17.59 19.74

Trigla lyra Linnaeus,

1758 Tlyr 506 421 354 278

Chelidonichthys lastoviza

(Bonnaterre, 1788) Tlas 30.38 2526 9.35 18.37

0.12 <0.01 0.08

0.12 <0.01 0.07

029 003 142

029 001 052

194 123 0.07

194 325 049

27202 1792 100 0.51+3.86 34.17

11£35 211 44 0394129 9.96

644+2485 16060 1752 8.45+32.48 217.03
173+657 4737 595 3.12+13.92 108.93
35+238 2064 83 0.44+297 25.80

924251 1393 255 2091+8.28 4341
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Figure 2. Spatiotemporal distribution of abundance (ind/km?) (upper panel) and biomass (kg/m?) (lower panel) of the gurnard species. Color of circle shows
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The species with the highest frequency of occurrence
(FO%) was the same as the most commonly encountered
species within the gurnard family. The abundance of
gurnards was, in general, very low among all 165 species
(Table 1).

The most abundant species (NO%) was Lepidotrigla
cavillone, followed by Lepidotrigla dieuzeidei. Numerical
occurrence of gurnards in abundance (NO%) and biomass
(BO%) among all species was also very low (NO%<3.3%)
(Table 1).

Temporal and spatial variations of CPUE

Bottom depth segmentation was observed for the
distribution of the gurnard species on the shelf-shelf break
zone (Fig. 2). There were species found at shallow and
middle shelf water; Chelidonichthys lucerna was distributed
at 10-75 m, ubiquitous shelf species; C. lastoviza at 10-200
m, deep shelf species: T. lyra at 100-125 m, and deep
shelf/break species; C. cuculus at 125-300 m and L.
dieuzeidei at 200-300 m, and ubiquitous shelf/shelf break
species; L. cavillone at 10-300 m (Table 2, Fig. 2).

The maximum abundance among gurnards varied
between 211 ind/km? (C. lucerna) and 89388 ind/km? (L.
cavillone), followed by 12731 ind/km? (L. dieuzeidei) (Fig.
2). Catch amount was also similar to the abundance
distribution. C. cuculus and C. lucerna dominated the R1,
the rest of the species occurred abundantly in R2 and R3
(Table 2, Fig.2).

The regional significant difference in abundance was
estimated only for C. lucerna which had higher abundance
in R1 than R2 and R3 (p < 0.05; Tables 2-3, Fig. 2).
However, there was no significant seasonal difference in the
abundance of each gurnard species (Tables 2-3, Fig. 2).
Seasonal mean abundance varied between 0.6 ind/km? (C.
lucerna) and 640 ind/km? (L. dieuzeidei) (Table 2, Fig. 2).
The maximum seasonal abundance of C. cuculus was
estimated in May, C. lucerna in May and October, L.
cavillone in August and October, L. dieuzeidei in October
and February and C. lastoviza in August (Table 2, Fig. 2).
Depth-wise difference in abundance was significantly
assessed only for L. dieuzeidei and C. lastoviza (p < 0.05;
Tables 2-3, Fig. 2). The maximum depth-wise abundance of
C. cuculus was estimated at 300 m, C. lucerna at 10 m, L.
cavillone at 100-125 m, followed by 75 m, L. dieuzeidei at
300 mand C. lastoviza at 50 m, followed by 75 m (Table 2,
Fig. 2).

Maximum catch in weight was found for L. cavillone
(53.4% of BO%) with a mean of 8.45+32.48 kg/trawl,
followed by L. dieuzeidei (19.7% of BO%) with 3.12+13.92
kg/trawl (Table 1). Regional difference in biomass occurred
only for C. lastoviza, and no seasonal difference was

observed for any of the gurnard species. Depth-wise
difference was observed for L. dieuzeidei and C. lastoviza
at p < 0.05 (Table 3). Maximum biomass was estimated for
L. cavillone and then L. dieuzeidei (Fig. 2). The lowest
maximum biomass was estimated for C. lucerna and
followed by T. lyra (Fig. 2). Regional, seasonal and depth-
wise distributions of gurnard biomasses were similar to the
corresponding distribution of the abundance.

Sex distribution in space and time

Overall, female specimens outnumbered the males
(Table 2, Fig. 3). Female abundance was significantly
different among the regions for C. lucerna, and depth-wise
difference in female abundance was present for only C.
lastoviza and L. dieuzeidei (p < 0.05; Tables 2-3, Fig. 3).
However, there was no significant seasonal difference in the
abundance of female specimens. Regarding to males, there
was only depth-wise significant difference, and this
difference was estimated for only three gurnard species (p <
0.05; Table 3).

Female/male abundance ratio showed that females
predominated in the population and varied between 2.25
and 5.44 for C. cuculus, between 0.56 and 1.56 for C.
lucerna, between 0.25 and 2.83 for L. cavillone, between
0.68 and 4.10 for L. dieuzeidei, and between 0.08 and 6.65
for C. lastoviza (Table 2, Fig. 3). However, all specimens of
T. lyra were determined as females (Fig. 3).

Morphometry distribution in space and time

Length of the six gurnard species ranged from 4 cm to
24.9 cm (Chelidonichthys cuculus), followed by 24.7 cm
(Chelidonichthys lastoviza), and weight from 0.78 ¢
(Chelidonichthys cuculus) to 142.18 g (Chelidonichthys
lastoviza). In general, the small-sized specimens (< 15 cm)
outnumbered the larger specimens in the gurnard population
(Figs. 4-6).

COST function and Kernel Density Function (KDF)
estimated number of length cohorts as 4+ (Chelidonichthys
cuculus), 1+ (Chelidonichthys lucerna), 4+ (Lepidotrigla
cavillone), 4+ (Lepidotrigla dieuzeidei), and 3+
(Chelidonichthys lastoviza) for each species (Fig. 4).
Notably, number of specimens induced precision in the
estimation of cohort. For instance, Fig. 5 showed a clear
separation in the estimation of length cohorts for three
abundantly found species: 4+ for L. cavillone and 6+ for C.
lastoviza (Fig. 5). However, there was no clear length cohort
discrimination with and exception of samples in February
for L. dieuzeidei (Fig. 5).
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Table 2. Mean= standard deviation (SD) of the biomass (B in kg/km?), abundance (A in ind/km?) of combined specimens,
females (F) and males (M), female/male abundance ratio (F/M), length (L in cm) and weight (W in g) in space
(region and bottom depth) and time (season) and sex only for L and W. ID: insufficient data for the statistical
analyses of the species (see Fig. 2), and empty cells denote no occurrence of specimens at the factor (see Fig. 2)

Species Factor B A F M FIM L W
C. cuculus
Region R1 1.32+0.75  69.6+39.9 0.5£0.3  0.3£0.1 1.6+£0.2 12.840.6  25.743.5
R2 0.08+0.80  7.7+42.4 0.1£0.3  0.1£0.1  1.0+0.2  9.2+1.1 11.3+6.4
R3 22.542.2  100.2+12.9
Season M 1.63+0.82  88.8+43.0  0.7£0.3  0.3£0.1 3.84+1.59 11.3£0.5 19.5+£3.6
A 0.1£0.3  0.1£0.1 1.0+£0.2 19.8£1.3  71.6%8.6
@) 0.01+0.84  0.7+44.1 0.04+0.3 12.1+£3.1  16.1+194
F 0.02+£0.88  1.0+46.3 0.1£0.1 13.3£3.1  19.1+19.4
Depth 10
25
75
125  0.15£1.05 13.6+554  0.2+04 0.1+0.1 2.25+0 8.8+1.4 10.649.5
200 0.03£1.09 1.6+£57.6  0.08+0.4 0.1£0.2 0.8+0.3 12.742.7 17.6+17.9
300 4.27+1.34 224.0£70.6 2.0£0.5 1.1+0.2  5.4440 13.5+£0.7  31.5+4.8
Sex M 12.9+0.8  28.3+£5.8
F 13.6+£1.0  29.94£7.5
C. lucerna
Region R1 0.73+0.23  23.6+6.3 0.6£0.1  0.6+0.1 1.20+0.48 14.4+0.6 32.7+4.0
R2 0.01+0.24 0.8+6.7 0.08+£0.1 0.1+0.1 0.8+0.1 16.8+1.4 41.4+9.7
R3 0.06+0.23 1.0+6.5 19.743.6  62.6+23.8
Season M 0.28+0.25 15.8+7.0 0.4+0.1  0.4+0.2 1.20+£0.60 12.1£0.6  19.5+4.3
A 0.1+0.2 17.3£1.0  44.0£7.0
@) 0.75+£0.26  17.7+£7.2 0.3£0.2  0.240.2 0.56+0.78 16.3£0.6  42.0+4.3
F 0.06+0.27 0.6£7.6 0.05£0.2 0.3+0.2 1.00+1.36 21.8+2.8 101.1+18.5
Depth 10 0.95+0.31  30.448.6 0.7£0.2  0.7£0.2 1.56+0.77 14.0£0.6 30.4+4.4
25 0.11+£0.33 8.5+9.2 04+0.2  0+0.94 12.4+1.3  17.3£8.7
75 0.33+0.32 8.5+8.9 0.5£0.2  0.1+£0.2 1+0.77 16.4+1.0  44.2+6.8
125 0.07£0.2 0.1+£0.2 0.7£0.2 16.3+23 34.6£15.2
200  0.13+0.35 1.949.6 0.08+0.2 0.1+0.2 1£1.33  20.6£2.3  69.5+£15.2
300
Sex M 14.4+0.7  30.3£5.0
F 14.8£0.8  35.745.2
L. cavillone
Region R1 0.11+0.11 0.7+0.2 1.1£2.1  1.1£2.2 1.19+0.35 9.1+0.1 9.5+0.5
R2 0.43+0.12 1.2+0.2 8.142.2  7.3+2.4 1.25+0.32 8.8+0.1 9.240.1
R3 0.53+0.11 1.4+0.2 7.5€2.1 7.6£2.3 1.54+0.29 9.9+0.1 12.7+0.2
Season M 0.26+0.12 0.7+0.2 1.9+2.3  1.6£2.4 1.44+0.46 10.2+0.1 13.6+0.4
A 0.63+0.14 1.6+0.3 9.3+2.6  9.9+2.7 1.13£0.34 9.3%0.1 10.9+0.2
] 0.34+0.13 1.2+0.2 72423  6.3+2.5 1.34+0.31 9.0+0.1 9.9+0.2
F 0.22+0.13 0.9+0.3 32424  3.542.6 1.36+0.39 9.4+0.1 10.4+0.3
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Table 2. Continued

Depth 10  0.005+0.14 0.1+0.2 0.06+2.7 1.00£0.99 9.3x1.0 10.9£3.6
25  0.007+0.15 0.1+0.3 0.0742.9 0.1£3.1  0.25+0.99 8.4+0.6 7.14£2.1
75 0.62+0.14 1.9+0.3 10.5£2.8  10+29 1.41+0.33 8.6+0.1 8.4+0.1
125  0.79+0.15 2.1+0.3 10329 12.1£3.1 0.83+0.33 9.6+0.1 11.5+0.2
200 0.39+0.16 1.5+£0.3 59+3.0 4.8£3.2 1.70+0.35 9.8+0.1 12.4+0.3
300 0.31+0.19 0.7+0.4 2.843.7 27439 1.01£0.70 11.8+0.1 20.6+0.5
Sex M 9.4+0.14 11.2+0.2
F 9.5+£0.1  11.4+0.2

L. dieuzeidei
Region R1 2.04+7.08 121.7£324.3  29+1.6  2.3£1.5 4.10£2.01 11.0£0.1 16.7+0.4

R2 0.31+£7.52 49.3+344.8 0.5£1.7 0.8£1.6 0.68£3.18 8.8+0.2 9.1+0.8
R3  18.42+7.22  891.3+330.7 3.7+#1.6 4.2+1.5 0.96+2.01 11.1£0.1 17.5+0.3

Season M
A 2.86+8.87 190.4+406.8  4.2£2.0 2.9+1.8 1.34£2.31 10.9+0.1 16.7£0.4
0 14.49+7.98  640.4+366.0 2.2+1.8 2.6+x1.6 0.89+2.67 11.2+0.1 19.1+0.5
F 8.83+8.39 520.7£384.8  3.3£1.9 4.3+1.7 3.73£2.07 10.4+0.1 14.0+0.4
Depth 10
25
75
125
200 2.36+9.44 239.54425.8 4.3+2.0 3.7¢1.6 3.59£1.78 9.4+0.1 10.8+0.4
300 61.57+£11.56 2963.4+521.5 16.3£2.5 17.842.0 0.86+£1.78 11.4+0.1 18.6+0.2
Sex M 10.8£0.1 16.3+0.4
F 11.0£0.1  16.9£0.4
T. lyra
Region ID ID ID ID ID ID ID
Season ID ID ID 1D ID 1D ID
Depth ID ID ID ID ID ID ID
Sex ID ID ID 1D ID 1D ID
C. lastoviza
Region R1 0.11+1.35 5.2446.0 0.1£0.5  0.1+0.8 4+5.46 12.0£0.9  21.3+£6.5
R2 2.64+1.44 125.4+48.9 1.8£0.6 2.2+0.9 1.06+1.82 11.8+£0.2 199+14
R3  5.73+1.38 151.0+46.9 2.0+£0.5 2.8+0.8 2.57+1.57 14.6+0.2 36.3%+1.3
Season 1.34+1.50 49.0+£50.3 0.8£0.6 0.6£0.9 1.41+2.10 13.6£04 29.0+£3.0

5.76£1.71 191.1+£57.3 22+40.7  3.6£1.0 0.37£2.57 13.1£0.2 27.7+1.5
3.11£1.54 95+51.5 1.3+0.6  1.820.9 0.98+1.81 13.5+0.3 30.4+2.1
0.75+1.62 26.7+54.2 0.6£0.7  0.4£1.0 6.65£2.57 12.7£0.5 25.5+£3.7

Depth 10 0.04+1.70 1.3£55.4 0.1£1.0 14.5£2.5 31.0+£16.5
25 0.76+1.83 22.6+59.5 0.6+0.7  0.5+1.1 1.00+£3.32 14.2+0.6 32.344.1
75 8.33+1.76 317.7£57.3 4.1+0.7 5+1.0 1.3142.03 12.4+0.2 23.2+1.3
125  3.27+1.83 76.6£59.5 1.3£0.7  1.5£1.1 5.33£2.57 15.3+04 40.7£2.6

mo > <

200  0.13+1.90 1.9£61.9 0.1£1.1 16.3+1.8 48.5+11.6

300
Sex M 13.4£0.2  28.8+1.5
F 13.9+0.2  32.6+1.7
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Chelidonlichthys ‘cuculus‘

Chelidonichthys lucerna

30.9 31

30.9 31

Figure 3. Spatiotemporal of percent sex composition within the circle. Color of circle edge shows season (Blue denotes May,
red August, green October and magenta February) and color in circle denotes percent pie of male (black), female
(seasonal color) and juvenile or identified sex (white)

Overall, there were significant differences in the length
among each of the regions, seasons and bottom depths (p <
0.05; Table 3). However, there was no significant regional
difference in the length for C. lucerna and seasonal
difference for C. lastoviza (Table 3). Average length of all
species increased with the bottom depths. In general, the
length was significantly larger in R3 (unfished zone) than
that in R1-R2 (Table 2). The larger specimens occurred in
October for C. cuculus, in February for C. lucerna, in May
for L. cavillone, in October for L. dieuzeidei, and in May for
C. lastoviza (Table 3, Fig. 5).

Regarding to individual maximum weight, heavy
species (W> 100 g) were C. cuculus, C. lucerna and C.
lastoviza. The rest was lighter fish (W<50 g) (Fig. 6). Only
L. cavillone and L. dieudeidae differed in individual weight
significantly among all factors of regions, seasons and
bottom depths (Table 3). Individual weight of C. cuculus
was significantly differentiated by region and season, C.
lucerna by season and depth, and L. dieuzeidei by region
and depth (Table 3). Individual weight increased with
bottom depths, and heavier specimens occurred in R3 (non-
fishing zone, Fig. 1). Specifically, seasonally, species which

had heavier specimens in the summer was C. cuculus, L.
cavillone, in the autumn was L. dieuzeidei and C. lastoviza,
and in the winter was C. lucerna. Secondary peak in the
weight occurred in the winter for L. cavillone and spring for
C. lastoviza (Table 2).

There was no significant sexual dimorphism in size
(length and weight) for C. lucerna. Only the length of C.
cuculus was significantly longer in females than males. The
rest of the species had sexual dimorphism in sizes, females
being longer and heavier than the males (Tables 2, 3, Fig.
6).

Regarding to statistical rejection (t-test) of the null
hypothesis (Ho) for Pearson correlation (Ho: r=0), intercept
(Ho: a=0) and slope (Ho: b=0) of regression, the length-
weight relationships were significantly established using a
power fit model of the regression (Fig. 6). ANOCOVA
analysis showed that the LWR was significantly different
among the sexes for only L. dieuzeidei at p < 0.05 (Table 3).
Regional differences in the LWR occurred for C. cuculus,
seasonal difference for L. cavillone and L. dieuzeidei, and
depth-wise difference for L. dieuzeidei (Table 3).
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Table 3. ANOVA results of the biomass (B), abundance (A) of combined specimens, females (F) and males (M), female/male
abundance ratio (F/M), length (L), weight (W) and length-weight relationship (LWR) in space (region and bottom
depth) and time (season) and sex only for L, W and LWR with the growth type; I: isometric growth, P: positive
allometry and N: negative allometry. LWR was tested using ANOCOVA test. ID: insufficient data for the species,
and empty cells denote no occurrence of species at the factor

Species B A F M FIM L W LWR
C. cuculus

Region 0.5861 0.6022 0.6533 0.4541 0.9365 0.0000 0.0000  0.0395
Season 04272 0.3944 0.3655 0.4063 0.3969 0.0001 0.0001  0.4813
Depth 0.2723 0.2796 0.1483 0.0243 ID 0.0246  0.1486

Sex 0.0221 0.4900 0.181 (N)
C. lucerna

Region 0.1259 0.0462 0.0489 0.1202 0.6012 0.2754 0.5497 0.8424
Season 0.1985 0.1957 0.5112 0.5362 0.8203 0.0000 0.0001

Depth 0.5204 0.3206 0.3368 0.5472 0.6693 0.0177 0.0334

Sex 0.2264 0.2162 0.078 ()
L. cavillone

Region 0.5642 0.5317 0.0824 0.1579 0.5888 0.0000 0.0000 0.0982
Season 0.1583 0.1584 0.1294 0.1427 0.9445 0.0000 0.0000 0.0045
Depth 0.4035 0.4205 0.0574 0.0702 0.4175 0.0000 0.0000  0.0009
Sex 0.0000 0.0000 0.639 (P)
L. dieudeidae

Region 0.2739 0.2542 05381 0.4310 0.5002 0.0000 0.0000 0.1601
Season 0.5867 0.5890 0.4249 0.3324 0.6432 0.0000 0.0000  0.0024
Depth 0.0022 0.0008 0.0000 0.0000 0.3052 0.0000 0.0000 0.4284
Sex 0.0000 0.0087 0.014 (P)
T. lyra

Region ID ID ID ID ID ID ID ID
Season ID ID ID ID ID ID ID ID
Depth ID ID ID ID ID ID ID ID
Sex ID ID ID ID ID ID ID 0.992 (N)
C. lastoviza

Region 0.0333 0.1110 0.0817 0.1044 0.7701 0.0000 0.0000 0.9307
Season 0.1492 0.1723 0.3970 0.1240 0.2887 0.5292 0.6333

Depth 0.0066 0.0017 0.0016 0.0065 0.8482 0.0000 0.0000

Sex 0.0000 0.0000 0.680 (I)
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Figure 4. Annual length frequency histograms of the gurnard species. Bin size means length class in cm. Curves shows modal
length classes derived from the kernel density function. Arrow showed cohort in mode of the size

Species which had isometric growth was C. lucerna and
C. lastoviza, negative allometry was found for C. cuculus
and T. lyra, and positive allometry for L. cavillone and L.
dieuzeidei; females showed positive allometry, and males
had isometric growth (Table 3, Fig. 6).

Ecological distribution in space and time

Regarding to species-abiotic environment relation, six
gurnard species was assembled and positively correlated
with the bottom depth and negatively correlated with the
bottom type (coarse to fine material of sediment from coast
to open water bottom) on CCAL axis (Table 4, Fig. 7a).
There was a shelf species community (bottom depth < 200
m) and a deep water community (bottom depth > 200 m):
C. cuculus and L. dieuzeidei, respectively. Shelf species
community was separated with two depth segmentations:

shallow water (bottom depth < 75 m) but abundantly found
at the shallowest depth: C. lucerna and ubiquitous shelf
species but abundantly found at middle depth (bottom depth
>75 m till 125 m): L. cavillone and C. lastoviza (Table 2,
Fig. 7a). On CCAL, there were slight negative correlations
between fish species-limited environment relation (chl-a
and fine bioseston) (Table 4, Fig. 7a). However, season and
region did not dictate the gurnard community (Fig. 7b, c).
The CCA1 was statistically proved with Monte Carlo test
(F: 8.639, p: 0.0020). This co-linearity and correlation on
CCA1 was elucidated with a percent variance of 34.0 (Table
4).

On CCA2, the species community was governed with
positive effect of constitutes of total suspended matter (all
fractions of seston and fine materials of tripton) and
negative effect of concentrations of sea surface and
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subsurface chl-a (Table 4, Fig. 7a). However, physical
environments were not correlated with co-linearity by the
species. All CCA axes were statistically proved with Monte
Carlo test (F: 2.175, p: 0.0020). The species-environment
relation on CCA2 was discriminated with an explained
percent variance of 23.5 of the total variance (Table 4).

Regarding to species-biotic environment relation with
the mega-benthic fauna, the species community was
positively correlated with specimens of decapoda and
holothuroidea on CCAL (Table 5, Fig. 7d). The CCA1 was

not significantly validated with Monte Carlo test (F: 7.659,
p: 0.0640). This co-linearity and correlation on CCA1 was
elucidated with a percent variance of 43.0 of the total
variance (Table 5). On CCA2, there was positive correlation
between the gurnard species and Crinoidea, followed by
Ophiuridea (Table 5, Fig. 7d). The species-environment
relation on CCA2 was discriminated with an explained
percent cumulative variance of 72.5 of the total variance
(Table 5). All CCA axes were statistically proved with
Monte Carlo test (F: 1.643, p: 0.0340).
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Table 4. Summary of statistical measures of the characteristics of gurnard abundance in relation to the environmental
variables for the CCA. Environmental parameters with the abbreviations used in statistical analyses (prefixes for
the abbreviations: SS, sea surface, Su; subsurface and NB; near-bottom water)

Variables Abb CCA1 CCA2
Bottom depth (m) Depth 0.7481 -0.1842
Total Suspended Matter (g/m?) STSM 0.0323 -0.0121
Total Suspended Matter (g/m°) SuTSM 0.1311 -0.0592
Total Suspended Matter (g/m?) NBTSM -0.1703 -0.2572
Secchi disk depth (m) Sechi 0.1941 -0.1178
Oxygen (mg/l) SSOx -0.0125 -0.1483
Oxygen (mg/l) SuSOx 0.0759 -0.2138
Oxygen (mgl/l) NBOx -0.1086 -0.0689
Temperature (°C) SST -0.0518 0.1502
Temperature (°C) SuST -0.0631 0.1608
Temperature (°C) NBT -0.0621 0.1591
Salinity (PSU) SSS 0.1594 -0.0507
Salinity (PSU) SuSS 0.1530 -0.0460
Salinity (PSU) NBS 0.1959 0.1504
pH SspH 0.1478 0.0886
pH SuSpH 0.1914 0.0740
pH NbpH 0.2513 0.0438
Density, ot SSD 0.1125 -0.1613
Density, ot SuSD 0.1556 -0.2174
Density, ot NBD 0.1782 -0.1190
Chl-a (mg/l) SSChl -0.2610 -0.2648
Chl-a (mg/l) SuScChl -0.2824 -0.3233
Chl-a (mg/l) NBChl -0.3922 0.1841
Seston - 1 mm (g/m°%) Sel -0.0342 0.2934
Seston — 0.5 mm (g/m°) Se2 -0.1337 0.2639
Seston — 0.063 mm (g/m°) Se3 -0.2670 0.3594
Bioseston - 1 mm (g/m?®) Bil -0.1237 0.0754
Bioseston — 0.5 mm (g/m?3) Bi2 -0.0334 0.0985
Bioseston — 0.063 mm (g/m?) Bi3 -0.3113 0.2244
Tripton — 1 mm (g/m?) Trl -0.2072 -0.0671
Tripton — 0.5 mm (g/m?3) Tr2 -0.1993 0.3318
Tripton — 0.063 mm (g/m?3) Tr3 -0.2357 0.3723
Bottom types (see Fig. 1b) BT -0.4693 -0.0355
Eigenvalues : 0.703 0.487
Species-environment correlations : 0.945 0.873
Cumulative percentage variance

of species data : 24.9 42.2

of species-environment relation: 34.0 57.5
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Table 5. Summary of statistical measures of the characteristics of gurnard species abundance in relation to the mega-benthic

fauna abundances for the CCA

Taxa Abb CCAl CCA2
Decapoda Deca 0.4870 0.1331
Annelida Anne -0.0895 -0.0301
Cnidaria Cnid -0.1514 -0.0903
Echinodermata, Asteroidea Ast -0.1766 -0.0801
Echinodermata,Crinoidea Crin -0.2463 0.3802
Echinodermata,Echinoidea Echi -0.0571 -0.0127
Echinodermata,Holoturidea Holot 0.6311 0.1324
Echinodermata,Ophiuridea Ophi -0.2241 0.2424
Echiura Echiura -0.0393 -0.1402
Mollusca,Bivalvia Biv -0.0609 -0.1389
Mollusca,Cephalopoda Ceph 0.2437  -0.1469
Mollusca,Gastropoda Gast -0.0961 -0.1899
Porifera Pori -0.0975 -0.0237
Tunicata Tuni -0.1226 -0.0387
Eigenvalues 0.410 0.281
Species-environment correlations : 0.753 0.661
Cumulative percentage variance

of species data : 4.5 24.5

of species-environment relation: 43.0 72.5

Discussion

Biomass estimation is of paramount importance in the
stock assessment of aquatic organisms, particularly fish, as
it allows extrapolation or interpolation of biomass to both
non-stratified and stratified areas under investigation.
Gurnards are particularly suitable for stock assessment and
biomass estimation as they are true demersal fish, not semi-
demersal. This makes them ideal for efficient sampling with
bottom trawls. However, the species could be highly
influenced by trawl fisheries. For instance, L. cavillone
highly contributed to fishing effort levels in the trawl fishery
in the western Mediterranean Sea (Farriols et al., 2017).
Gurnards were considered discard fishes before. In Greek

waters (lonian Sea and Aegean Sea), about 39%-49% (with
a mean of 44%) of the total catch (vertebrates and
invertebrates) by bottom trawls was discarded including
only L. dieuzeidei (Machias et al., 2001). L. cavillone
(3.14% of the total catch) and T. lyra (0.17%) were
discarded in the Aegean Sea (Damalas et al., 2010). After
gurnards became the target species in demersal fisheries,
their abundance was studied. C. cuculus and T. lastoviza are
important species as by-catch in the western Mediterranean
(Ordines et al., 2014). C. cuculus had a relative dominance
of 26.3% in the Croatian waters, Adriatic Sea, at depths
extending to 500 m (Vallisneri et al., 2014) which was
deeper than the maximum sampling depth (300 m) in the
present study.
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Of the total number of 8 gurnard species belonging to 4
genera reported from the Mediterranean Sea (Colloca et al.,
2019) and 6-8 species in the eastern Mediterranean Sea with
6 species in Greek waters (Terrats et al., 2019) and 8 species
in the Turkish seas (Bilecenoglu and Tagkavak, 1999) and
Levant waters (Bilecenoglu et al., 2014), 6 species were
detected on the bottom of shelf (10-200 m) /shelf break (300
m) zone in the Antalya Gulf. In the sea of Marmara, five
gurnard species were updated to 7 species recently (Daban
et al., 2021; Bilecenoglu 2024), eight species in the Turkish
Aegean Sea and three species in the southern Black Sea
were reported (Bilecenoglu, 2024). The same species
reported in the present study were also found in Cretan
waters (Tsimenides et al.,, 1992). Common species
distributed over the study area were dominant species such
as L. cavillone and C. lastoviza occurred in the Antalya Gulf
whereas C. cuculus and L. dieuzeidei preferred substantially
greater depths (> 125 m). L. cavillone, which was found at
30 m - 330 m, was the most common species in the
Mediterranean Sea (Collaco et al., 1997). However, T. lyra
was encountered once in the spring (May). This could be
due to the rare occurrence of the species or seasonal
ontogenic migration toward deeper waters than our
sampling depths. In the Aegean Sea and the Sea of
Marmara, abundance of T. lyra increased at depths down to
200 m (Damalas et al., 2010 and Daban et al., 2021),
followed by a decrease at greater depths (Damalas et al.,
2010). L. cavillone was found as the third dominant species
among demersal fish on the continental shelf of the Gulf of
Lions (north-western Mediterranean Sea) (Merigot et al.,
2007). C. cuculus was distributed at depths of 70-235 m
(DO%: 29-36%), L. cavillone at 41-167 m (30-49%), C.
lucerna at 70-74 m (2%), and T. lyra at 103-416 m (17-30%)
around Balearic Islands (Massuti and Renones 2005). In
Greek waters, C. cuculus (5-30 cm in length) were
distributed at depths of 97-298 m, T. lastoviza (5-25 cm; two
size classes) at 32 -191 m, and L. cavillone (4-14 cm) at 54-
216 m (Terrats et al., 2000). In Saros Gulf, five gurnard
species were reported, four of which were the same species
reported in the present study with the exception of C.
cuculus, and they accounted for 3.4% of the total catch
(Thsanoglu et al., 2016). All five species were abundantly
found at depths of 50-100 m, and followed a decreasing
trend as a factor of depth down to 500 m (lhsanoglu et al.,
2016). T. lyra was mostly found between 100 - 200 m in the
Sea of Marmara (Sirin et al., 2024).

Regardless of species’ preference of depth, small-sized
gurnard (L. cavillone and L. dieuzeidei) specimens (L<15
cm, Mutlu et al., 2022a) were numerically abundant and
dominant in the gurnard population while larger specimens
were less abundant relative to their corresponding biomass.
With high abundance in coastal waters, Vallisneri et al.,
(2011) estimated three size classes (5-15 cm, 15-32 cm, and
>32 cm in range of 6.3-41.5 cm with a mean of 20.8 cm) of
C. lucerna in the Adriatic Sea, which included more size
classes than our estimate (5-23 cm). This could be due to
the habitat preference of C. lucerna for sand bottoms
(Tunesi et al., 2006); R2-R3 were covered by P. oceanica,
and R1 was bare bottom in the present study area (Levantine
Sea). Differences in size classes between the two studies

could also be attributed to variations in the trophic levels of
the two seas. Similar to our estimates, L. cavillone had four
modal size classes in Sicilian waters (Ragonese and
Bianchini, 2010).

Some of the gurnards exhibited transect-wise difference
in density within the study area. R3 had higher mean
abundance and biomass than the species dominant in R1-
R2. R3 is a non-fishing zone closed to the trawl fishery.
Such marine protected areas sustain the stock of the species
such as C. lucerna and C. lastoviza. T. lyra and C. lucerna
had CPUE higher in the Sea of Marmara than our estimates
whereas the rest of the species had similar CPUE in
comparison (Daban et al., 2021). In Tiirkiye, the 2-nautical
mile (nm) area from the coast is closed to fishery, but open
to artisanal fishery, the 12 nm border is the open fishery area
seaward, accessible year-around. Notably, the 2 nm area has
been updated to 3 nm, recently (Deval and Mutlu, 2024).
Antalya Gulf is one of the oligotrophic basins of the
Mediterranean Sea (Sisma-Ventura et al., 2017). Therefore,
Coll et al (2010 classified Antalya as a low-diversity area in
terms of cartilaginous fishes. Recently, Deval and Mutlu
(2024) have upgraded the number of cartilaginous species
for the Antalya Gulf. de Meo et al., (2018) detected 147
fishes, Patania and Mutlu (2021) 59 megabenthic
crustaceans and Garuti and Mutlu (2021) 90 non-crustacean
megabenthic species in the present study. The Gulf of
Antalya is fished by 16 trawlers that operate in the study
area annually during the fishing season. The fishing fleet
concentrates in the area between the two-mile limit and the
200-meter isobaths, mainly in the R1-R2 region. The
specific fishing effort is 2.6 hours per day per boat (9310
hours in total) during the fishing season (Mutlu et al.,
2022b). This fishing pressure suggested that unprotected
area (R1-R2) could be affected by the artisanal fishery
during ontogenic distribution of the reproduction period and
biological cycle of the gurnards (e.g. Colloca et al., 1997;
Boudaya et al., 2008; Dobroslavi¢ et al., 2021). Similarly,
L. cavillone dominating the middle shelf had higher
abundance in the summer than the spring in the central
Tyrrhenian Sea (Collaco et al., 1997).

For many taxa of the nektonic or benthic organisms,
bottom depth segmentation is valid for restricting their
spatial distribution and the bottom depth, followed by
season, is a primary factor influencing their distribution.
The shelf is generally segmented with classification of
lower (depth < 25 m) shelf, middle shelf (25-125 m) and
upper shelf (> 125 m) for fish (de Meo et al., 2018),
megabenthic fauna (Patania and Mutlu 2021; Garuti and
Mutlu 2021) and macro benthic fauna (Mutlu and Ergev
2008, 2012, 2013; Mutlu et al., 2010; Mutlu, 2015) in the
Levantine Sea. Besides, the ubiquitous species can peak at
certain depth intervals with their density distribution
varying during different seasons of the year. In Cretan
shelf/slope bottoms, C. lastoviza was the contributor species
to fish assemblage at 50 m, and L. cavillone at 100 m with
5% of the density (Kallianiotis et al., 2000). L. cavillone was
one of the abundant species in the middle shelf of the central
Mediterranean Sea (Collaco et al., 2003). This resulted in
depth-wise differences in the density of a species both on
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the shelf, and along the shelf slope. A study conducted at
the shallower waters (<10 m) of the Gulf of Fos, France in
1983-1985 by Letourneur et al., (2001) showed similar
mean abundance and biomass of L. cavillone and C. lucerna
to those observed at corresponding depths in our study.

In the present study, the morphometry of the gurnards
was overall differentiated by the bottom depth, season and
sex of the specimens. Additionally, regional differences
were observed, with larger and heavier specimens found in
the protected area (R3) compared to the unprotected area
(R1-R2). Morphometry can be influenced by several factors
and stressors in the marine environment, i.e. bottom depth
geographical coordinate, physical variables, and sex of
specimens of fish etc on a broad scale, and season,
physicochemical variables, food availability, habitat types,
trophic level, occurrence of non-indigenous and indigenous
species, and Levantine nanism, depending on biology and
reproduction demands of the species (Mutlu et al., 2023) etc
on a fine scale in loci such as the present study area. Coastal
waters of R2 and R3 featured a habitat type with seagrass
meadow (Mutlu et al., 2022c) and R1 and R2 had two
dominant seaweeds (Mutlu et al., 2022d). For instance, C.
lucerna preferred sandy bottoms among four different
bottom types including P. oceanica (Tunesi et al., 2006) and
similarly, we found the species to be abundant at R1, an
unvegetated bottom with P. oceanica. Farre et al., (2016)
concluded that morphospaces exhibited lower richness of
body forms for demersal fish assemblages, including
gurnards having negative morphospace values (elongated
shapes) with increasing depth in the western Mediterranean
Sea. Larger specimens (L>7.5 cm) of L. cavillone was
dominant in the spring when maturity decreased with depth
and peaked at the middle shelf. In contrast, smaller
specimens (L < 7.5 cm) were more abundant in the summer
in the central Tyrrhenian Sea, with length decreasing with
depth (Collaco et al., 1997). Despite difference in size
classes between the Adriatic Sea (Vallisneri etal., 2011) and
Levantine Sea (the present study), C. lucerna had similar
length-weight relationships for sexed and unsexed
specimens. In izmir Gulf (Aegean Sea), all morphometry
and their relationship were overestimated compared to our
estimates ({lhan and Togulga 2007). However, L. dieuzeidei
had similar size structure and relationship between the
Adriatic Sea (Dobroslavi¢ et al., 2021) and Antalya Gulf. C.
lastoviza had similar length range in both Antalya Gulf and
Egyptian Mediteraanean waters with slightly higher slope
in LWR in comparison, and both populations showed
isometric growth (Mehanna, 2022), but had higher size
structure in the Saronikos Gulf in 1980s (Papaconstantinou,
1986). In Iskenderun Gulf, characterized by high fishing
pressure and eutrophic region, C. lucerna had similar size
range and growth type (Ismen et al., 2004) to our estimates
which had lower size structure values compared to the
Tunisian waters (Boudaya et al., 2008), but had higher size
structure values in the Thermaikos Gulf in 1980s
(Papaconstantinou, 1984) and in the Sea of Marmara
(Eryilmaz and Merig, 2005). Even if there were similar size
ranges of C. cuculus between the Croatian and Antalya
Gulf, slopes (positive allometry) of the LWR was rather
higher than our estimates (negative allometry), resulting in

different growth types with high abundance in the Adriatic
Sea (Vallisneri et al., 2014). All four common species
excluding C. cuculus, had longer body size in Saros Gulf,
Aegean Sea compared to the the present study area, with
nearly higher slopes in the LWR (lhsanoglu et al., 2016).
Asimilar comparison was observed with gurnards in
Edremit Gulf, Aegean Sea (U¢kun, 2005).

Ecological studies on fishes are highly limited in the
literature, and existing studies cover a wide range of the
stratified bottom depths as fishery biologists have not
considered measuring certain specific environmental
variables. In general, only basic physical parameters
(temperature and salinity) were reported. With limited
environmental variables such CTD (temperature and
salinity), the first ecological study performed on gurnards
was conducted in the Cretan waters (Tsimenides et al.,
1992). In Tiirkiye, there are few studies on ecology that
include comprehensive environmental parameters. (de Meo
et al., 2018; Daban et al., 2021). Ecological studies at the
family level are important to elucidate the patterns of the
most abundant and dominant species within the same family
(Mutlu et al., 2021, 2022b, e, f). Specimens of L. cavillone
in Izmir Gulf showed similar size structure to our estimates
(Tirker et al., 2010).

Regarding to diet of the gurnards for the species-
megabenthic fauna relation, C. lucerna fed mostly on
Brachyura, C. lastoviza on Mysidacea, followed by
Brachyura, L cavillone on Mysidacea, followed by
Amphipoda, and T. lyra on Gastropoda, followed by
Brachyura in the Edremit Gulf, Aegean Sea (ilhan 2019). In
the Greek waters, C. cuculus fed mainly on Mysidacea and
Euphausiacea, T. lastoviza and L. cavillone mainly on
Mysidacea (Terrats et al.,, 2000) and T. lyra on Mysidacea
(Caragitso and Papaconstantinou. 1994). C. lastoviza fed on
crustaceans, mostly mysids and decapods in the Tunisian
watres (Boudaya et al., 2007). Both, C. cuculus and C.
lucerna feed mostly on crustaceans in the Adriatic Sea
(Montanini et al., 2017) and C. lucerna on crustaceans
(Decapoda: Brachyura) in the Italian Adriatic waters
(Stagioni et al., 2012). In the present study, deep-water
gurnard species (C. cuculus and L. dieuzeidei) were
correlated with decapods and specimens of Holothuroidea
which increased with depth.

In conclusion, of the 8 gurnard species reported in the
Turkish marine waters, 6 species were found on the
shelf/shelf break in the present study. The most dominant
species were L. cavillone and C. lastoviza and there were no
consistently present gurnard species in the study area. The
abundantly found species were L. cavillone and L.
dieuzeidei. Gurnards were very low in number and biomass
as compared to other 165 species found in the present study.
Shallow and middle shelf water gurnard species was C.
lucerna distributed at 10-75 m, ubiquitous shelf species C.
lastoviza at 10-200 m, deep shelf species T. lyra at 100-125
m, deep shelf/break species C. cuculus at 125-300 m and L.
dieuzeidei at 200-300 m, and ubiquitous shelf/shelf break
species was L. cavillone at 10-300 m. The maximum
abundance among gurnards varied between 211 ind/km? (C.
lucerna) and 89388 ind/km? (L. cavillone), followed by
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12731 ind/km? (L. dieuzeidei). Maximum catch in weight
was found for L. cavillone (53.4%) with 8.45+32.48
kg/trawl on average, followed by L. dieuzeidei (19.7%).
Overall, female specimens outnumbered the males.
Female/male abundance ratio showed that females
predominated in the population and varied between 2.25
and 5.44 for C. cuculus, between 0.56 and 1.56 for C.
lucerna, between 0.25 and 2.83 for L. cavillone, between
0.68 and 4.10 for L. dieuzeidei, and between 0.08 and 6.65
for C. lastoviza. Lengths of six gurnard species ranged from
4 cm to 24.9 cm (C. cuculus), followed by 24.7 cm (C.
lastoviza), and weights from 0.78 g (C. cuculus) to 142.18
g (C. lastoviza). In general, the small-sized specimens (< 15
cm) outnumbered the larger specimens. In terms of
individual maximum weight, the heavier fish species (W >
100 g) were C. cuculus, C. lucerna, and C. lastoviza, while
the rest were lighter fish species (W < 50 g). The species
exhibiting isometric growth were C. lucerna and C.
lastoviza, while negative allometry was observed in C.
cuculus and T. lyra, and positive allometry was observed in
L. cavillone and L. dieuzeidei; females showed positive
allometry, and males isometric growth. Regarding the
species-abiotic environment relationship, six gurnard
species were grouped and positively correlated with bottom
depth, while negatively correlated with bottom type. This
was followed by a positive effect of total suspended matter
(including all fractions of seston and fine materials of
tripton) and a negative effect of sea surface and subsurface
chl-a.
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Abstract: Monitoring studies in a particular area after a long period of time can provide
opportunities to understand environmental, physical and biological events that have occurred over
time. From this point of view, we aimed to reveal ichthyoplankton assemblages in the Canakkale
Strait after 10 year period. Our findings indicated a 3 °C difference in sea surface termperature in the
late spring and early winter compared to earlier studies. As expected, the highest mean abundance
and biodiversity of ichthyoplankton were found in the late spring-early summer period but they
showed rapid fluctuations even in consecutive weeks. Coastal resident species such as Diplodus
annularis, Gobius niger, and Spicara maena were found to be abundant. In Canakale Strait, larvae of
mesopelagic species were sampled for the first time in this study. The occurrence of mesopelagic
species far from their natal habitat in the northern Aegean deep sea trench may indicate a change in
the region's hydrodynamics.

Canakkale Bogazi’nda ihtiyoplankton Topluluklarinin Zamansal Degisimi

Oz: Belirli bir bolgede uzun siire aradan sonra yapilan izleme calismalari zamanla gergeklesen
cevresel, fiziksel ve biyolojik olaylar: anlama firsati sunar. Bu amagla, 10 y1l aradan sonra Canakkale
Bogazi ihtiyoplankton toplulugunun ortaya konmasi amaglanmistir. Deniz suyunun beklenenden
yaklasik 3 derece gec 1sindigi ve ge¢ sogudugu belirlenmis, ancak bu durumun ihtiyoplankton
kompozisyonuna etki etmedigi tespit edilmistir. Beklendigi gibi en yiiksek ihtiyoplankton bolluk ve
biyogesitliligi ilkbahar sonu-yaz basi déneminde goriilmiis ancak birbirini takip eden haftalarda bile
onemli dalgalanmalar tespit edilmistir. Diplodus annularis, Gobius niger ve Spicara maena gibi
kiysal yerlesik tiirlerin daha baskin hale geldigi belirlenmistir. Mezopelajik Derinsu larvalar ilk kez
bu ¢aligmada Canakkale Bogzi’nda 6rneklenmistir. Bu tiirlerin varolus alani olan Kuzey Ege derin
deniz ¢ukurundan bu kadar siiriikklenmis olmalari, bolge hidrdinamiginin degistigini gostermektedir.

Introduction

Icthyoplankton surveys provide essential data for stock
assessment, understanding ecosystem functions, and
investigating spawning strategies, behavior, and biology.
They also play a key role in determining closed areas,
closed seasons, and marine protected areas. In addition,
icthyoplankton surveys provide a cost-effective and
simpler fishery-independent research tool (Doyle et al.,
2002). Understanding variabilities and success in fish
recruitment is one of the most critical issues for stock
management (Hjort, 1926). Sudden changes, influenced by
environmental conditions, chemical pollutants, and
human-induced factors, lead to high mortality rates in
early life stages. In addition, predation and challenges
during early feeding contribute to very high losses due to
limited morphological and physiological development

*Corresponding author: burakdaban@gmail.com

(Rodriguez et al., 2009; Cuttitta et al., 2016). Thus,
ichthyoplankton studies are crucial for understanding
species biology and interpreting effects of sudden or long-
term variables.

Continuous and uninterrupted data collection can
undoubtedly yield more reliable results for monitoring.
Some successful examples have been realised in the Gulf
of Alaska (McClatchie et al., 2014) and the Gulf of
California (Smith and Moser, 2003). However, due to the
high costs of continuous monitoring, obtaining such data
in every region of the world has not been feasible.
Nevertheless, ichthyoplankton studies conducted in the
same geographic area at regular time intervals, could
provide valuable insights for monitoring.
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Changes on the Temporal Patterns of Ichthyoplankton Assemblages in the Canakkale Strait, Tiirkiye

Ichthyoplankton  studies in  Tirkiye  started
approximately 70 years ago, with the study of Arim
(1957). To date, several important studies have been
carried out in the North Aegean Sea and in the Marmara
Sea (Somarakis et al., 2002; Demirel, 2004; Tirker Cakir,
2004; Isari et al., 2008, Somarakis et al., 2011; Kara, 2015;
Daban and Ismen, 2020). However, there have been no
ichthyoplankton studies conducted in the Canakkale Strait.
Daban (2013) presented the first ichthyoplankton results of
the Canakkale Strait.

This study aims to investigate the ichthyoplankton
composition and compare abundance and biodiversity of
ichthyoplankton in the Canakkale Strait, over a 10-year
period.

Material and Methods

In the late spring and summer, ichthyoplankton
abundance and biodiversity reach the highest level
throughout the Mediterranean Sea (Sabates and Olivar,
1996; Somarakis et al., 2002). Therefore, sampling design
of the present study was structured to account for these
seasonal conditions. Samplings were performed weekly
between May 18th to December 7th, 2023, for a period of
27 weeks. Stations were located at the end of the European
side of the Canakkale Strait (Fig. 1) at the specified
coordinates (P1: 40° 02' 35.7972" N lat. 26° 11' 36.8586"
E long. P2: 40° 02' 54.1356" N lat. 26° 12' 35.4924" E

long.).

Figure 1. Study area and locations of sampling stations in the Canakkale Strait, Tiirkiye

Ichthyoplankton tows were conducted using a WP-2
type plankton net (3 m length, 57 cm frame diameter, 350
um mesh size) with vertical tows performed from above
the thermocline layer to the surface.

Ichthyoplankton samples were fixed with 4%
formaldehyde solution. Before species identification, all
fish eggs and larvae were seperated from other plankton
samples. Species identification were based on Dekhnik
(1973), Russell (1976), and Rodriguez et al. (2017).

The embryonic development of fish eggs were staged
according to Dekhnik (1973). Fish egg and larval
abundance in a unit area (n/10 m?) was calculated
according to FAO Fisheries Technical Paper No: 175.
PAST Version 2.17. was used for calculating biodiversity
indices Shannon Wiener (H’) and dominance (D)

(Hammer et al. 2001). A’ index ranges between 0 and 5,
with higher values indicating greater diversity of species in
a particular community. D represents the dominance of
certain groups within a community, with values ranging
from 0 to 1, where higher values indicate greater
dominance.

Sea surface temperature, salinity and dissolved oxygen
values were recorded with a YSI 6600 Model Multiple
Water Analysis Probe. Mean values were presented as
mean +standard error. Temporal variations of the physico-
chemical variations and mean abundance were analyzed
with ANOVA. The statistical differences between groups
were tested with Tukey’s pairwise comparisons. PCA
analyses was used for determining the relationship
between mean abundance/biodiversity and temporal
variations of ichthyoplankton (Jolliffe, 2002).
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Results
Physico-chemical parameters

SST ranged between 15.5 C° and 24.4 C°. The lowest
and the highest SST values were measured on May 17th
and August 5th, respectively. SST on December 7th (17.6
C°) was higher than that in May. Similarly, the mean SST
in November (19.2 C°) was higher than that in May and
similar to that in June (19.6 C°).

The mean dissolved oxygen (DO) was 7.66+0.15 mg/It.
The lowest DO levels were measured in July and August,
when the SST was highest. The relatively high dissolved
oxygen (DO) values may be due to the study area’s
distance from industrial facilities and the high surface flow
in the Canakkale Strait. The surface salinity (S) values
ranged between 23.2 - 29.5 ppt, with a mean of 25.5+0.23
ppt. The lowest salinity levels were measured in July and
August, whereas the highest salinity was detected on

October 30th with 29.5 ppt. The highest monthly mean
salinity was in November with 27.9+0.09 ppt.

The temporal variations of monthly mean SST (df:8, F:
37.219; P<0.05), DO (df:8; F:2.640; P<0,05) and S (df:8;
F:4.763; P<0,05) values were significantly different. The
highest variations were observed for SST. According to
Tukey Pairwise comparisons, it was detected that the mean
SST of May was significantly different from the SST of all
months. Mean SST in June was significantly different
from that in July, August and September. Also, mean SST
in August and September were significantly different from
those in November and December SST values in July,
August and September reflect the typical summer
conditions. The mean salinity levels in November and
December were significantly different from those in other
months. Mean DO in July and August were significantly
different from those in the remaining months.
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Fig. 8. PCA plot for relationship with biological and physico-chemical parameters.
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PCA was performed to determine the relationship
between environmental variables and the number of
ichthyoplankton species and abundance. PCA1l axis
explained 31.05% of the total variance in the study, and
PCA2 axis explained 23.77% of the total variance. Both

dimensions explained 54.82% of the total variance. SST
was detected as the most important variable for fish egg
abundance and the salinity negatively effected the larval
biomass.

Table 1. Ichthyoplankton assemblages in the Canakkale Strait, Tiirkiye

Order: Clupeiformes Stage
Family: Engraulidae
Engraulis encrasicolus (Linnaeus, 1758) E - Pre - Post
Family: Clupeidae
Sardina pilchardus (Walbaum, 1792) E
Order: Syngnathiformes
Family: Syngnathidae
Hippocampus hippocampus (Linnaeus, 1758) Post
Order: Perciformes
Family: Serranidae
Serranus cabrilla (Linnaeus, 1758) E - Pre - Post
Order: Carangiformes
Family: Carangidae
Trachurus trachurus (Linnaeus, 1758) E - Pre - Post
Trachurus mediterraneus (Steindachner, 1868) E - Pre
Order: Eupercaria
Family: Sparidae
Diplodus annularis (Linnaeus, 1758) E - Pre - Post
Diplodus puntazzo (Linnaeus, 1758) E
Pagellus erythrinus (Linnaeus, 1758) E
Boops boops (Linnaeus, 1758) E - Post
Pagrus pagrus (Linnaeus, 1758) E - Pre - Post
Spicara maena (Linnaeus, 1758) E - Pre - Post
Family: Sciaenidae
Sciaena umbra Linnaeus, 1758 Post
Family: Labridae
Thalassoma pavo (Linnaeus, 1758) Post
Symphodus ocellatus E - Pre - Post
Order: Blenniiformes
Family: Blenniidae
Blennius ocellaris Linnaeus, 1758 Post
Order: Mulliformes
Family: Mullidae
Mullus barbatus Linnaeus, 1758 E - Pre - Post
Mullus surmuletus Linnaeus, 1758 E - Pre - Post
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Table 1. Continued

Order: Callionymiformes
Family: Callionymidae
Callionymus lyra Linnaeus, 1758 E - Post
Order: Gobiiformes
Family: Gobiidae
Gobius niger Linnaeus, 1758 Pre - Post
Gobius paganellus Linnaeus, 1758 Post
Gobius sp. Pre - Post
Order: Carangaria
Family: Sphyraenidae
Sphyraena sphyraena (Linnaeus, 1758) Pre - Post
Order: Pleuronectiformes
Family: Bothidae
Arnoglossus thori Kyle, 1913 Post
Arnoglossus kessleri Schmidt, 1915 E- Post
Family: Soleidae
Microchirus variegatus (Donovan, 1808) E
Solea solea (Linnaeus, 1758) E
Buglossidium luteum (Risso, 1810) E
Order: Myctophiformes
Family: Myctophidae
Electrona risso (Coco, 1829) Post
Myctophum punctatum Rafinesque, 1810 Post
Ceratoscopelus maderensis (Lowe, 1839) Post
Hygophum benoiti (Cocco, 1838) Post

*Abbreviations: E: Fish egg; Pre: Prelarvae; Post: Postlarvae

Fish eggs

In the present study, sampled eggs were assigned to 19
different fish species belonging to 7 orders and 10 families
(Table 1). Sparidae and Soleidae families were the most
represented families with 6 and 3 species, respectively. Of
the sampled eggs, 62.9% belonged to Engraulis
encrasicolus and the abundance of all other 18 species was
<10%. (Fig. 2).

Eggs belonging to D. annularis, Spicara maena and
Trachurus trachurus were represented with higher
abundances compared to other species. The total mean
fish egg abundance was calculated as 3607.9 eggs/10 m2.
Mean fish egg abundances were found as 4221.8 egg/10

m?2and 2865.5 eggs/10 m? at P1 and P2, respectively. Of
the 4786 fish eggs sampled, 2391 eggs were dead
corresponding to a mortality rate of 49.96%.

In terms of development, the majority of eggs were at
stage 3 and 4 (Fig. 3). Eggs at stages 1, 5 and 6 had
frequencies <10% (Fig. 3).

With respect to temporal variations in species richness,
eggs sampled in in May and June had higher richness and
were represented by 13 and 9 fish species, respectively.
The lowest richness was detected in November with only 2
species. The highest H’ index was observed in May (1.13)
and June (1.19). Similarly, the lowest D index was
detected in May (0.456) and June (0.468).

187



Changes on the Temporal Patterns of Ichthyoplankton Assemblages in the Canakkale Strait, Tiirkiye

Pagrus pagrus | 0.1

Solea solea | 0.1
Buglossidium luteum | 0.2
Boops boops ) 0.2
Microchirus variegatus § 0.3
Pagellus erythrinus | 0.3
Diplodus puntazze | 0.3

Mullus surmuletus
Callionymus lyra
Trachurus mediterraneus
Sardina pilchardus
Arnoglossus kessleri
Symphodus ocellatus
Mullus barbatus
Serranus cabrilla
Spicara maena
Trachurus trachurus
Diplodus annularis

Engraulis encrasicolus

0.0 100 200 300 40,0 50.0 60.0 70.0
Frequency (%)

Figure 2. Numerical dominancy of the fish egg species distributed in the Canakkale Strait
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Figure 3. Fish egg development stages and associated mortality rates.

188



Daban et al., COMU J Mar Sci Fish, 7(2): 183-194 (2024)

Fish larvae

Sampled larvae were assigned to 27 fish species
belonging to 12 ordo and 15 families (Table 1). In terms of

the development phase, prelarvae of 13 species and
postlarvae of 25 species were identified. Of the total larvae
sampled, 71.7% belonged to three species: E. encrasicolus,
D. annularis and G. niger (Fig. 4).
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Boops boops
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Figure 4. Frequency of occurrence of the fish larvae species distributed in the Canakkale Strait.

Mean prelarvae, postlarvae and total larvae abundance
were found as 33.3 larvae/10 m?, 419.8 larvae/10 m? and
453.2 larvae/10 m?, respectively (Fig 5). The mean fish
larvae abundance found in P1 was slightly higher than that
in P2.

The families with the highest percentages were
Sparidae and Myctophidae, each represented by four
species. The highest number of species, 15, was recorded
in June. Species richness was also high in May and July,
with 12 and 11 species, respectively. In terms of weekly
temporal variations, the highest number of fish larvae was
found on May 23rd with 114 specimens, whereas highest
taxa number was found on May 23rd and June 25th, with
10 species. Weekly temporal variations of biodiversity
indices are given in Figure 5. Between May 17th and
December 7th, mean H’ index and D index were found as
1.08 and 0.45, respectively. The highest mean biodiversity
was detected between June 2nd and August 28th,
corresponding to the A’ index value of 1.22. The highest
biodiversity was detected on August 28th, with 18 fish
larvae belonging to 6 different species Larvae biodiversity
was also higher on July 22nd and June 2nd with A’ index
values of 1642 and 1.635, respectively. Larval

biodiversity exhibited high weekly variations and the
larvae biodiversity indice could not calculated after
November 10th, due to the presence of only single species.
The lowest larvae biodiversity was 0.198 on September
13th, corresponding to a total of 20 larvae belonging two
species.

The dominancy of fish larvae showed strong variations
across the sampling period (Fig. 6). Gobiidae members
were important  representatives  until  September.
D.annularis was the major representative larval species in
May. S. maena was mostly found in June. The other 20
species were poorly distributed until  October.
E.encrasicolus dominated the study area in September and
October. By November, abundant species leave the area,
the winter spawners begin to appear and abundance
decreases.
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Figure 6. Weekly variation in the dominancy of fish larvae (Symp: Symphodus ocellatus; Spic: Spicara maena; Trac: Trachurus trachurus; D.ann: Diplodus annularis; E.enc:
Engraulis encrasicolus)
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Figure 7. Weekly temporal variation in mean abundance of fish eggs (A) and larvae (B)
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Discussion

The onset of spawning in fish species distributed
throughout the Mediterranean is primarily attributed to
late-spring and early-summer spawners (Tsikliras et al.,
2010). Spring-summer ichthyoplankton abundance and
biodiversity also were detected as highest around NW
Mediterranean by various researchers (Palomera and
Olivar, 1996; Sabatés et al., 2003; de Puelles et al., 2007).
In the present study, we aimed to assess ichthyoplankton
abundance and biodiversity under summer conditions in an
area known for its low biodiversity. The data obtained
from weekly sampling intervals allowed us to observe
rapid fluctuations. According to SST data from the study
area, a potential seasonal shift in the temperature regime
was observed in comparison to previous studies.
Surprisingly, the SST in November (20 °C ) and December
(17.6 °C) were higher than that in May (15.8 °C).
Tiirkoglu (2010) reported that SST was 18-19 °C in May
and around 14 °C on December 7th, in the Canakkale
Strait. Similarly, Daban ve Yiiksek (2017) reported a SST
of 18 °C in May and 14 °C in December in the Canakkale
Strait. Differences in SST between the present study and
earlier studies may suggest a seasonal shift but more data
are needed. The delayed warming up of water temperature
did not lead to a decrease in the diversity and abundance of
spawning species. In contrast mean fish egg abundance
peaked in the May (Fig 7) and species richness of fish
larvae remained relatively high in May. Seasonal
variations of species richness and ichthyoplankton
abundance were similar to those reported in previous
studies (Demirel, 2004; Kara, 2015; Daban and Yiiksek,
2017). For instance, the highest number of
ichthyoplankton taxa was found in May, and it rapidly
decreased by the beginning of November. In addition, with
the onset of November, autumn-winter spawners such as
Pagrus pagrus and Sardina pilchardus began spawning, as
expected. The spring-summer spawners completed their
spawning activity although SST remained high. Also,
ichthyoplankton abundance was highest in May and started
to decrease by September. Alvarez et al. (2012) stated that
high spawning activity in early June associated with high
metobolism rate, high larval growth rate and low dispersal
rate related summer physico-chemical conditions and
demersal productivity peak. Thus, the results of this study
showed that spawning strategies of Mediterranean teleost
species depends on complex and varied biological and
abiotic variables and cannot be explained with temporal
shift of a several parameters such as SST, salinity or
dissolved oxygen. The results of PCA analyses also
confirmed this pattern and did not give clear relationship
with ichthyoplankton abundance/biodiversity and physical-
chemical parameters (SST, salinity and DO%).

In terms of the ichthyoplankton biodiversity, one of the
most surprising result was the occurrence of mesopelagic
fish species such as Electrona risso, Myctophum
punctatum, Ceratoscopelus maderensis and Hygophum
benoiti, which has not been sampled in the
ichthyoplankton studies conducted in the Marmara Sea
before. Of the species mentioned above, three (excluding

C. maderensis) and three (excluding E. risso) were
previously found around Gokgeada Island in the northern
Aegean Sea (Daban and Ismen, 2020) and Sigacik Bay in
the central Aegean Sea (Uygun and Hossucu, 2024),
respectively. In addition, all these species were identified
in the Greek part of the north Aegean Sea (Isari et al.,
2008). Mesopelagic fish species are already well-known in
the central and southern part of the Aegean Sea but little is
known about their presence in the Sea of Marmara and the
Black Sea. The results of this study provide evidence that
the distribution areas of these species are expanding. The
occurrance of the larvae of the mesopelagic fish species
around the northern exist of the Canakkale Strait may be
due to the drifting patterns associated with the cyclonic
gyre around Gokgeada and Samothraki. This dispersal
pattern may pose challenges to their survival as they move
away from their natal habitats into unfamiliar
environments, such as the shallower waters of the
Canakkale Strait.

The remaining ichthyoplankton species richness and
the mean abundance were similar to those found in
previous studies carried out in the adjacent areas. Daban
and Yiiksek (2017) found 28 ichthyoplankton species in
the late spring and summer seasons. When these two
studies are compared, the mean abundance of Gobiidae (G.
niger, G. pagenellus and Gobiidae sp.) showed an increase
and reached 25% of total larvae abundance. In addition, D.
annularis (Family: Sparidae) larvae was more abundant
after 10 years and the occurrence of relatively high Mullus
barbatus and Mullus surmuletus larvae was noticable. The
occurrence of Hippocampus hippocampus larvae in both
studies is also encouraging in terms of marine biodiversity
which may be attributed to to bans on demersal and beam
trawling. H. hippocampus, is listed as as “Data Deficient”
and “Near Threatened” in the Mediterranean as it is subject
to high fishing pressure, habitat degredation and limited
offspring number according to IUCN (IUCN, 2024).
Furthermore, larvae of Sphyraena sphyraena, P. pagrus
and Sciaena umbra, which are highly economic species,
were reported for the first time in the study area. Among
these species, the occurrence of S.umbra is promising as it
is listed as “Near Threatened” and is considered at risk of
extinction in the near future by IJUCN (Chao, 2020). When
compared with previous studies in which fish eggs and
larvae were identified by Kara (2015), Demirel, (2004),
Daban and Yiiksek, (2017) in the Sea of Marmara Sea, no
Scombridae larvae (Scomber colias, Scomber scombrus,
and Thunnus sp.) were found in the present study. This
may be due to the increased fishing pressure from seine net
fisheries on these species.

The development stages fish eggs reveals information
about the spatial proximity of the spawning areas. The vast
majority of fish eggs (70%) were found at stages 3rd and
4th of their development. Due to the stratified conditions
in the study area, water currents flow from north to south
in the upper layer. First-stage eggs suggest that spawning
occurs in a nearby area, as the time interval between
developmental stages is relatively short. (Pauly and Pullin,
1988). Considering the surface current direction, since the
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study area is located downstream, it is likely that pelagic
eggs are tranported from the Sea of Marmara to the
Aegean Sea. Higher mortality rate of early development
stages of fish eggs found in the present study aligns well
with previous reports of high mortality during the early
egg development stages, specifically during cleavage
(Thompson, 1981) and gastrulation (Rombough, 1996). It
has been stated that as the embyonic development
advances, mortality rate decreases (Bunn et al., 2000).
Thus, lower occurence of eggs with late development
stages in the present study may indicate high mortality
rates and can be considered negatively in terms of
sustainability.

In summary, it was found that the ichthyoplankton
biodiversity of the Canakkale Strait was mostly derived
from coastal resident species. Members of Gobiidae and
Labridae and S. maena, appears to be successful in
competing with the coastal species with increasing
abundance over time. Previous studies over the past 10
years showed that ichthyoplankton biodiversity has mostly
remained similar. The recent occurrences of some larvae
species such as P. pagrus, S. umbra etc. may be related to
the weekly sampling interval, which increased the
likelihood of encountering low-abundance species. In
addition, abundance and biodiversity values exhibited
constant changes on a weekly basis. Therefore, in order to
detect species with short developmental periods, frequent
sampling intervals are required.
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Abstract: Prawn community in the coastal habitat of Digha is predominantly composed of the
family Penaeidae. The present study evaluates the diversity of Penaeidae species in the Digha coast.
Penaeidae species were obtained from the Digha Coast between January 2022 and January 2024. A
total of 26 species from 8 genera were documented from the Digha Coast and five species represent
the first observation from the study area. The Penaeid prawn diversity in Digha Coast, West Bengal
of India is substantial. This study will provide valuable insights for prawn fisheries managers and
researchers in the study region.

Digha Kiyisi’ndaki (Bengal Korfezi, Hindistan) Penaeid Karides Cesitliligi
Uzerine Bir Rapor

Oz: Digha kiy1 habitatindaki karides toplulugu, aguhkli olarak Penaeidae familyasindan
olugmaktadir. Bu ¢alisma, Digha kiyisinda Penaeidae tiirlerinin ¢esitliligini degerlendirmektedir.
Penacidae tiirleri, Ocak 2022 ile Ocak 2024 arasinda Digha Kiyisi'ndan toplanmistir. Toplamda,
Digha Kiyisi'ndan 8 cinsten 26 tiir belgelenmistir ve bunlardan 5 tiir, ¢alisma alanindan ilk kez
gozlemlenmistir. Bat1 Bengal, Hindistan’da Digha Sahili’ndeki Penaeid karides ¢esitliligi oldukga
zengindir. Bu ¢alisma, bolgedeki karides balik¢iligi yoneticileri ve aragtirmacilart i¢in degerli bilgiler

sunacaktir.

Introduction

India's marine and coastal habitats harbours significant
natural resources that support the livelihoods of millions of
people living in coastal areas. Among a myriad of aquatic
organisms, crustaceans have a significant impact on the
structure and function of tropical ecosystems in benthic
communities, as stated by Hendrickx (1995). Decapod
crustaceans, in particular, are a significant source of
shellfish and play a crucial role in connecting benthic
microorganisms with higher vertebrates in the coastal food
chain and food web (Trayer et al., 1984, Huh and An,
1997). Penaeid prawns constitute about 70% of the global
prawn catch, and their nutritional value contributes
significantly to a thriving commerce and export industry in
India (FAO, 2008). Penaeid prawns have rapid growth and
have a relatively short lifespan (Rao et al., 2013). Their
life cycle typically lasts one year (Rao et al., 2013). The
majority of aquaculture is primarily focused on Penaeid
prawns, particularly those belonging to the genus Penaeus
(Rath et al., 2016). This is due to their ease of cultivation

*Corresponding author: chandaangsuman182@gmail.com

from eggs, rapid growth rate, and high population numbers
(Chanda 2016). The fishing industry generates the highest
amount of foreign currency, serving as the primary source
of income for millions of individuals engaged in direct or
indirect fishing-related activities (Rashed-Un-Nabi &
Ullah, 2012). The Penaeid prawns that are crucial for
industrial fishing along the Indian coast are also present
along the Digha Coast, as documented by Chanda (2002,
2014). Digha coast in West Bengal is widely recognized
for its extensive beaches that sustain a wide range of
aquatic animals. It is located in the Purba Medinipur
district, situated at the northernmost point of the Bay of
Bengal (21°38'18"N and 87°30'35"E). In the Digha Coast,
Penaeidae consists of 8 genera and 26 species (Chanda,
2014). Chanda and Bhattacharya (2002) identified and
documented three previously unknown species of prawn
from the waters of India. Siva Rama Krishnan (2012) has
provided a description of the survey conducted on trawl
fishing of Penaeid prawns at the Northern Mandapam
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Coast of Palk Bay. Radhakrishnan (2012) published a
comprehensive list with explanatory notes of the Penaeoid,
Sergestoid, Tenopoid, and Caridean prawn species found
in India. In addition to these, numerous taxonomic studies
have been conducted on the group, including those by
Fischer and Bianchi (1984), Paulinose (1986),
Achuthankutty and Parulekar (1986), Reddy (1995),
Pathan and Jalihal (1997), Chanda and Bhattacharya
(2002, 2003, 2004, 2009, 2014), Chanda and Roy (2004,
2005), Chanda (2015), Kunju (1967), and Kurian and
Sebastean (1993). The aim of this study is to report the
diversity of penaeid species found along the Digha Coast
between January 2022 to January 2024.

STUDY SITES

Material and Methods
Study area

The Digha Coast is situated in the Purba Medinipur
district of West Bengal. The route extends from Udaipur to
Shankarpur. The study was undertaken at four separate
study sites: Udaipur (87° 29' 5.751" 21°37'0.994"N), Old
Digha (87°3124.95"E, 21°37'25.621"N), Digha Mohana
(87°32'35.898"E,  21°37'48.21"N), and  Shankarpur

(87°34'17.149"E, 21°3829.327"). These locations are
depicted in Figure 1.

Figure 1. Study area and sampling stations.

Specimens Collection

The samples were collected on a monthly basis during
the pre-monsoon, monsoon, and post-monsoon periods in
the early morning throughout the study period from
January 2022 to January 2024. Prawn samples were
obtained from each site through shore fishing (gillnet),
trawl fishing, and fish landing centers.

Preservation

The collected samples were kept in a formalin solution
with a concentration of 2-4% and were properly
catalogued in the laboratory of Raja N.L. Khan Women's
College (Autonomous) to ensure accurate identification.

Identification

The specimens in the laboratory were identified,
classified by sex, and different taxonomical parameters
were measured for easy identification. The overall length
was determined by measuring from the tip of the rostrum
to the end of the telson, the carapace length was measured
from the posterior margin of the orbit to the posterior-
median margin of the carapace, and the total weight was
measured as wet weight. The identification and
categorization of all species were based on Alcock's (1901,
1905 and 1906), FAO species identification sheet (1984),
Farfante & Kensley (1997), Fligel (2002 & 2008), and Ma
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et al,, (2011). The WoRMS Register has been used to
verify the valid genus and species hame.

Results

In the present study twenty-six penaeid prawn species
from eight genera were identified, with Parapenaeopsis
coromandolica (Alock,1906), Metapenaeus lysianassa (De
Man,1888), Helleropenaeopsis sculptilis (Heller,1862),
Parapenaeopsis stylifera (H. Milne Edwards, 1837), and
Metapenaeus brevicornis (H. Milne Edwards,1837) being
the most abundant species. Other species present includes
Helleropenaeopsis hardwickii (Miers,1878),
Kishinouyepenaeopsis maxillipedo (Alock,1905),
Megokris granulosus (Haswell,1879), Metapenaeopsis
toloensis Hall,1962, Metapenaeus dobsoni (Miers,1878),
Metapenaeus elegans De Man,1907, Metapenaeus ensis
(De Haan,1844), Metapenaeus stebbingi Nobili,1904,
Penaeus monodon  Fabricius,1798, Penaeus japonicus
Spence Bate, 1888, Penaeus semisulcatus De Haan,1844,
Penaeus latisulcatus Kishinouye, 1896, Penaeus indicus

H.Milne Edwards,1837, Penaeus merguiensis De
Man,1888,  Alockpenaeopsis  uncta  Alcock,1905,
Metapenaeus monoceros (Fabricius,1798), Metapenaeus
affinis (H. Milne Edwards,1837), Metapenaeus stridulans
(Alock,1905), Kishinouyepenaeopsis cornuta
(Kishinouye,1900), Penaeus penicillatus Alock,1905,
Penaeus canaliculatus (Olivier,1811). The information
regarding various species of the Penaeidae family,
observed from January 2022 to January 2024 along the
Digha Coast, is presented in Figure 2 and Table 1. In this
study, several prawn species that had not been previously
reported and observed in Digha, such as Metapenaeopsis
toloensis Hall, 1962, Metapenaeus elegans De Man, 1907,
Metapenaeus stebbingi Nobili, 1904, Penaeus latisulcatus
Kishinouye, 1896, and Kishinouyepenaeopsis cornuta
(Kishinouye, 1900) are reported for the first time. The
distinctive morphological characteristics of the newly
reported species collected from Digha coast are outlined in
Table 2.

Table 1. List of prawn species of Digha Coast collected during January 2022 — January 2024

Genus Species Common Name
i 1. Helleropenaeopsis sculptilis (Heller,1862) Rainbow shrimp
1. Helleropenaeopsis . e .
2. Helleropenaeopsis hardwickii (Miers,1878) Spear shrimp
. 3. Parapenaeopsis coromandolica (Alock,1906) Coromandel shrimp
2. Parapenaeopsis . . . . Lo
4. Parapenaeopsis stylifera (H.Milne Edwards, 1837) Karikkadi shrimp
5. Kishinouyepenaeopsis maxillipedo (Alock,1905 Torpedo shrim
3. Kishinouyepenaeopsis . yep P . P . ( . ) P . P
6. Kishinouyepenaeopsis cornuta (Kishinouye,1900) Coral shrimp
4. Megokris 7. Megokris granulosus (Haswell,1879) Coarse shrimp
5. Metapenaeopsis 8. Metapenaeopsis toloensis Hall,1962 Tolo velvet shrimp
9. Metapenaeus lysianassa (De Man,1888) Bird shrimp
10. Metapenaeus brevicornis (H.Milne Edwards,1837)  Yellow shrimp
11. Metapenaeus dobsoni (Miers,1878) Kadal shrimp
12. Metapenaeus elegans De Man,1907 Fine shrimp

[y
w

6. Metapenaeus

e
~ o oA~

. Metapenaeus ensis (De Haan,1844)

. Metapenaeus stebbingi Nobili,1904

. Metapenaeus stridulans (Alock,1905)

. Metapenaeus monoceros (Fabricius,1798)

. Metapenaeus affinis (H. Milne Edwards,1837)

Greasyback shrimp
Peregrine shrimp
Fiddler shrimp
Speckled shrimp
Jinga prawn

[EY
(o]

7. Alcockpenaeopsis

. Alockpenaeopsis uncta Alcock ,1905

Uncta shrimp

N NN
N P O ©

8. Penaeus

N N NN
o O B~ W

. Penaeus merguiensis De Man,1888

. Penaeus japonicus Spence Bate,1888

. Penaeus semisulcatus De Haan,1844

. Penaeus latisulcatus Kishinouye,1896

. Penaeus indicus H.Milne Edwards,1837
. Penaeus penicillatus Alock,1905

. Penaeus canaliculatus (Olivier,1811)

. Penaeus monodon Fabricius,1798

Banana prawn
Kuruma prawn
Green tiger prawn
Western king prawn
Indian prawn
Redtail prawn
Witch prawn

Giant tiger prawn
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cockpenacapsis unta
Penacus monodon

; Metapenaens hsianassa
Penaens semisulcatus

P ltslatis Metapenaeus stebbingi

Penaeus merguiensis

7y

Helleropenacapsis sculptilis

Metapenaeas brevicornis

Penaeus penicillatus Metapenaeus stridulans

Kishinouyepenaeopsis cornuta

Metapenaeus monoceros Metapenaeus affinis

Figure 2. Photographs of Penaeidae species collected during January 2022 — January 2024 from Digha Coast
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Metapenaeus elegans

Penacus japonicus Helleropenaeopsis hardwickii

Parapenaeopsis stylifera Penaeus canaliculatus

Figure 2 continued. Photographs of Penaeidae species collected during January 2022 — January 2024 from Digha Coast

Table 2. Diagnosis of newly reported prawn species obtained from Digha Coast during January 2022 - January 2024

SI.

Penaeidae species

Diagnosis

1

Metapenaeopsis toloensis

Rostrum straight, dorsal teeth 9, stridulating organ with 14 small ridges
in a curved at ¥4 of carapace, body densely sexual maturity, asymmetrical
petasma, right distoventral projection shorter with small apical processes,
left distovental projection broadly swollen, outer intermediate strip
lightly shorter and subdivided distally, distomedian libule longer,
thelycum subquadrate with circled.

Metapenaeus elegans

Number of dorsal teeth 9, telson arm consists of spinules and has a
distomedian projection of the petasma that is directed anterolaterally. The
petasma is leaf-like in shape and has a longitudinal groove.

Metapenaeus stebbingi

Number of dorsal teeth 8, telson arm consists of a row of tiny, moveable
spines. The distomedian projection of the petasma has a stiff, styliform
appendix that is directed forward and ventrally indented.

Penaeus latisulcatus

Number of upper rostral teeth is 12, while the number of ventral teeth is
1. The ischial spine on the first pereopod is not present. In the petasma,
the distomedian projection reaches to or slightly intended the distal
margins of the costae. The thelycum has an anterior process with raised
anterolateral edges, forming two ringlike projections. The posterior
process is triangular.

Kishinouyepenaeopsis cornuta

The rostrum is slightly sigmoidal or straight, with eight dorsal teeth.
There is a basial spine on both the first and second pereopods. The
petasma has long and slender horn-like distolateral projections that
diverge proximally and curve inward distally. Each projection has a small
dorsal spiniform process. The anterior plate of the thelycum is oval and
hollow, and it is fused posteromedially with the posterior plate. The
posterior plate has a pair of lateral depressions. Behind the thelycum,
there is a median tuft of long setae.
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Table 3. Comparative checklist of Penaeid prawn found in Digha Coast

- Goswami Chanda and | Sarkar and Present
SI.No. | Species Name (1992) Bhattachar Talukdar Study
ya (2002) (2003) (2024)
1 Helleropenaeopsis sculptilis (Heller,1862) + + + +
2 Helleropenaeopsis hardwickii (Miers,1878) - + + +
3 Parapenaeopsis coromandolica (Alock,1906) + + + +
4 Parapenaeopsis stylifera (H.Milne Edwards, - - + +
1837)
5 Kishinouyepenaeopsis maxillipedo (Alock,1905) + - + +
6 Megokris granulosus (Haswell,1879) - + - +
7 *Metapenaeopsis toloensis Hall,1962 - - - +
8 Metapenaeus lysianassa (De Man,1888) + - + +
9 Metapenaeus brevicornis (H.Milne + + + +
Edwards,1837)
10 Metapenaeus dobsoni (Miers,1878) + - + +
11 *Metapenaeus elegans De Man,1907 - - - +
12 Metapenaeus ensis (De Haan,1844) - + - +
13 *Metapenaeus stebbingi Nobili,1904 - - - +
14 Penaeus monodon Fabricius,1798 + + + +
15 Penaeus japonicus Spence Bate,1888 - - + +
16 Penaeus semisulcatus De Haan,1844 + - + +
17 *Penaeus latisulcatus Kishinouye,1896 - - - +
18 Penaeus indicus H.Milne Edwards,1837 + + + +
19 Alockpenaeopsis uncta Alcock ,1905 + + + +
20 Penaeus merguiensis De Man,1888 - - + +
21 Penaeus penicillatus Alock,1905 - - + +
22 Metapenaeus monoceros (Fabricius,1798) + - + +
23 Metapenaeus stridulans (Alock,1905) - + - +
24 *Kishinouyepenaeopsis cornuta - - - +
(Kishinouye,1900)
25 Metapenaeus affinis (H. Milne Edwards,1837) + + + +
26 Penaeus canaliculatus (Olivier,1811) + - + +
27 Trachysalambria curvirostris (Stimpson,1860) + - + -
28 Atypopenaeus stenodactylus (Stimpson,1860) + - + -
29 Parapenaeopsis longipes Alcock,1905 + - + -
30 Parapenaeopsis acclivirostris (Alock,1905) + - + -
Total 17 11 22 26

*New report from the region
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Discussion

In the present study twenty-six penaeid prawn species
belonging to eight genera under Penaeidae were identified,

with  Parapenaeopsis coromandolica  (Alock,1906),
Metapenaeus lysianassa (De Man,1888),
Helleropenaeopsis sculptilis (Heller,1862),

Parapenaeopsis stylifera (H. Milne Edwards, 1837), and
Metapenaeus brevicornis (H.Milne Edwards,1837) being
the most abundant species ( Table 1 and Figure 2). Among

the 26 reported species, five species, namely
Metapenaeopsis  toloensis,  Metapenaeus  elegans,
Metapenaeus stebbingi, Penaeus latisulcatus, and

Kishinouyepenaeopsis cornuta are reported for the first
time from Digha coast (Table 3). Previously, M. toloensis,
M. elegans and K. cornuta were reported from Andaman
and Andhra Pradesh coasts and P. latisulcatus and M.
stebbingi were reported from the Gulf of Kutch and
Maharastra coasts of India (Chanda, 2017). The distinct
morphological traits exhibited by these species are given in
Table 2.

The initial investigation of marine biodiversity along
the Digha coast was conducted by Bharati Goswami
between 1975 and 1987 (Bharati Goswami, 1992). A total
of 17 species belonging to 8 different genera of the
Penaeidae family have been documented in the Digha
region and its nearby coastlines (Bharati Goswami, 1992).
From Digha and its nearby coasts, 11 species belonging to
6 genera of the Penaeidae family have been identified by
Chanda and Bhattacharya (2002). Digha and its
neighbouring coast have 22 species belonging to 8 genera
of the Penaeidae family were reported by Sarkar and
Talukdar (2003). Farfante and Kensley (1997) provided a
comprehensive list of 26 genera that belong to the
Penaeidae. Later, Flegel (2007, 2008) expressed
significant doubts regarding the categorization of the
genus Penaeus into six genera and finally Ma et al. (2011),
refuted the six-genus classification of Penaeus and
strongly suggested to retain the old Penaeus genus which
is still the valid classification and as such, family
Penaeidae has 21 wvalid genera. Indian waters are
represented by 17 genera (Chanda, 2017) and Digha
waters are represented by 26 species under 6 genera.

Conclusion

Penaeid prawns are one of the most economically
significant taxa in estuaries and coastal waters, and they
play an important role in regulating the structure and
function of tropical ecosystems. The prawn fishery makes
a considerable contribution to the national fishing sector in
terms of gross output, gross revenue profits, and exports.
The uncontrolled harvesting of juveniles in inshore and
deep sea areas, as well as the disposal of numerous
species, are diminishing Penaeidae diversity. The present
study found 26 Penaeidae species from eight genera and
five species represent the first observation from the study
area. Fishing is a major economic component for the
region investigated in the present study and is one of the
most important sources of income for residents of the
Digha coastal belt and the adjacent area. As a result,

conservation efforts are often adopted for Penaeidae
species of the Digha coast to protect the existing Penaeidae
diversity in West Bengal of India.
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