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Abstract: Understanding compensatory growth in European sea bass (Dicentrarchus labrax) is also crucial for
optimizing aquaculture practices as it can lead to more efficient feeding strategies and improved fish health. To this
end, this study evaluated the effects of fasting and re-feeding on growth performance, mineral and antioxidant enzyme
activities of European sea bass fingerlings. The experiment involved five treatments, each with three replicates. The
control treatment was fed continuously, while treatments A1, A2, A3, and A4 were fasted for one, two, three, and four
weeks, respectively. Following the fasting period, all treatments were fed to satiation twice daily for four weeks. At the
end of the trial, the control treatment showed the best growth during the fasting period, while the growth of the other
treatments decreased with the duration of fasting (p<0.05). Consequently, the highest specific growth rate (SGR), feed
conversion ratio (FCR) and hepatosomatic index (HSI) were observed in the control treatment (p<0.05). During the re-
feeding period, potassium (K) and calcium (Ca) levels significantly decreased compared to the fasting period. The
ratios of Ca, K, sodium (Na), and iron (Fe) were higher during the fasting period than during the re-feeding period. A4
treatment, which lasted for four weeks, had the highest mineral content during the fasting period compared to the
control treatment in both periods. In the re-feeding period, the control treatment had the lowest levels of Ca, Fe,
phosphorus (P), manganese (Mn), and zinc (Zn) (p<0.05). Antioxidant enzyme activities, including superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and lipid peroxidation (LPO), were highest in
treatments A2, C, and Al during the fasting period (p<0.05). These values significantly decreased by the end of the re-
feeding period (p<0.05). Therefore, this study concludes that re-feeding after fasting resulted in partial compensatory
growth in the European sea bass fingerlings examined.

Avrupa Levregi Yavrularimin (Dicentrarchus labrax) A¢hk ve Yeniden Beslenmede Telafi
Edici Biiyiime Tepkisi ile Mineral ve Antioksidan Enzim Aktivitelerinin Belirlenmesi

Oz: Beslenme eksikliginden sonra yeniden besleme déneminden sonra olusan telafi biiyiimesi, balik ¢iftciliginin genel
verimliligini ve ekonomik uygulanabilirligini onemli 6lgiide etkileyebilir. Avrupa levreginde (Dicentrarchus labrax)
telafi edici biiylimeyi anlamak, daha verimli besleme stratejilerine ve iyilestirilmis balik sagligina yol agabileceginden
su Uriinleri yetistiriciligi uygulamalarin1 optimize etmek i¢in de énemlidir. Bu amagla, bu ¢aligmada a¢higin ve yeniden
beslemenin levrek yavrularimin biiyiime performansi, mineral igerigi ve antioksidan enzim aktiviteleri iizerindeki
etkileri degerlendirilmistir. Deney, her biri ii¢ tekrarli bes uygulamay1 igermektedir. Kontrol grubu (C) siirekli
beslenirken, Al, A2, A3 ve A4 gruplar bir, iki, li¢ ve dort hafta boyunca a¢ birakilmigtir. A¢lik doneminin ardindan,
tim deneme gruplar1 dort hafta boyunca giinde iki kez doyuncaya kadar beslenmistir. Denemenin sonunda, kontrol
grubu aglik déneminde en iyi bliylimeyi gosterirken, diger gruplarin biiylimesi aglik siiresiyle azalma gostermistir
(p<0,05). Sonug olarak, en yiiksek spesifik biiylime oran1 (SGR), yem doniisiim oran1 (FCR) ve hepatosomatik indeks
(HSI) kontrol grubunda gézlenmistir (p<0,05). Yeniden besleme doneminde potasyum (K) ve kalsiyum (Ca) diizeyleri
aclik donemine kiyasla 6nemli derecede azaldi. Ca, K, sodyum (Na) ve demir (Fe) oranlar1 aglik doneminde yeniden
besleme donemine gore daha yiiksek tespit edilmistir. Dort hafta siiren A4 grubu, her iki donemde de kontrol
uygulamasina kiyasla aglik doneminde en yiiksek mineral igerigine sahip bulunmustur. Yeniden besleme doneminde
kontrol uygulamas: en diisiik Ca, Fe, fosfor (P), manganez (Mn) ve ¢inko (Zn) diizeylerine sahip bulunmustur (p<0,05).
Siiperoksit dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz (GPx) ve lipid peroksidasyonu (LPO) dahil
antioksidan enzim aktiviteleri, aglik déneminde A2, C ve Al gruplarinda en yiiksek tespit edilmistir (p<0,05). Bu
degerler yeniden besleme doneminin sonunda 6nemli dlgiide azalmistir (p<<0,05). Bu nedenle, bu galisma agliktan sonra
yeniden beslemenin incelenen levrek yavrularinda kismi telafi bilylimesinin gozlendigi sonucuna varmaktadir.
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Introduction

In a certain period of their lives, all living organisims
may encounter hunger that can lead to death due to
seasonal reasons such as shortage of food resources or
sudden temperature changes (McCue, 2010). The
frequency and duration of these hunger periods in nature
may differ seasonally (Ali et al., 2003; McCue, 2010). The
term hunger is expressed as the ability of an animal to give
up feeding opportunity after digestion through some
hormonal or metabolic activities (Doucett et al., 1999).
After this period, the biological term given to the rapid
increase in the growth performance of living organisms
with the start of feeding again is compensatory growth (Ali
et al., 2003). Compensatory growth is also defined as
growth in which an organism catches the weight of those
whose growth has never decreased, following a period of
limited growth or negative growth, usually resulting from
low feed consumption (Hornick et al., 2000).

The effect of fasting period applied for certain periods
in breeding conditions on nutrition, feed intake, feed
conversion rate and growth has been studied in many fish
species. While there is a rapid growth after re-feeding in
some fish species exposed to fasting, it was determined by
some researchers that the feed utilization rate did not
change (Hayward et al., 2000). This mechanism has
brought along a good feed conversion efficiency as well as
rapid growth in some studies (Ali and Jauncey, 2004). This
event is not only a theoretical issue but also commercially
applicable, increasing feed conversion efficiency with
growth (Wang et al., 2000). Previous studies have
investigated various fish species, such as rainbow trout
(Oncorhynchus mykiss), Atlantic salmon (Salmo salar),
and Nile tilapia (Oreochromis niloticus), to understand the
effects of fasting and re-feeding. In rainbow trout, fasting
followed by re-feeding has been shown to enhance growth
rates and improve feed conversion efficiency (Quinton and
Blake, 1990). In Atlantic salmon, compensatory growth
was observed with a significant increase in feed intake and
growth rate upon re-feeding (Johansen et al., 2001).
Similarly, Nile tilapia exhibited improved growth
performance and feed utilization efficiency after a period
of fasting and re-feeding (Ali et al.,, 2003). When
comparing these findings to sea bass, it is observed that
while the mechanisms of compensatory growth, such as
increased feed intake and metabolic adjustments, are
similar, the specific responses in growth performance and
feed utilization may vary due to species-specific
differences in metabolism and dietary requirements.

The effects of nutritional factors on the physiological
and health of fish have been comprehensively studied, but
feeding frequency may also affect fish's antioxidant ability
and immunity (Garcia and Villarroel, 2009; Sheikhzadeh
et al., 2012). Ding et al. (2017) reported that malnutrition
not only causes oxidative damage but also results in
immunosuppression. The effects of oxidative stress
resulting from the disruption of prooxidant-antioxidant
balance in living organisms due to any stress factor can be

eliminated with the help of antioxidant substances that
strengthen the antioxidant defense system. Changes in the
activities of SOD, CAT and GPx, which are the main
enzymatic antioxidants, can be used as an indicator of
oxidative stress (Ekambaram et al. 2014). These enzymes
provide defense against the damage caused by reactive
oxygen species (ROS) in living systems and cells are well
protected by these antioxidant enzymes (Altan et al.,
2005).

Many stressors in the animal world are universal
because of the similarity of the basic needs of animals.
Social interaction requirements such as non-optimal
environmental conditions (temperature, oxygen, etc.),
malnutrition, sunlight, openness to predators and the need
to determine the area are defined as universal stressors.
Fish and other aquatic organisms are exposed to more
stress factors than land animals. This is due to the fact that
homeostasis mechanisms are highly dependent on the
environmental conditions in which they operate (Harper
and Wolf, 2009). Looking at today's conditions, it can be
said that the environment in which fish live is under threat
of change (due to reasons such as climate change).
Therefore, just as there is always a risk of fish fasting
under natural conditions, there is also a risk for
aquaculture. Aquaculture is not only carried out offshore
but also in coastal areas, where hatcheries and earthen
ponds are commonly established. Inaccessibility to
aquaculture systems due to weather conditions, lack of
food, malnutrition, technical problems, and other factors
can lead to periods of fasting for fish in both settings.
Therefore researchers have started to focus on this topic
recently. Also, there is no research regarding the effect of
fasting and re-feeding on the mineral matter in sea bass.

Sea bass is a fish with high economic value and can
easily adapt to climatic conditions. It is carnivorous and
feeds on shrimp, crabs, worms, and fish in nature,
therefore it has a wide range of feeding habits. Sea bass,
which is highly able to gain live weight, is also preferred
by consumers for its meat quality, an important criterion in
farming. Its rich vitamin, mineral, and trace element
content holds special importance in healthy nutrition.
These fish have a high probability of starving in nature and
farming. Therefore, in the present study, the changes in
growth performance, mineral content, antioxidant enzyme
activities, and lipid peroxidation activities of sea bass after
fasting and re-feeding period were examined, and the
contributions of these changes to compensatory growth
were investigated. It also hypothesized how physiological
and biochemical changes affect compensatory growth in
sea bass and how re-feeding after a period of starvation
would lead to significant improvements in growth and
health markers. This research is novel in its comprehensive
approach and is expected to contribute valuable insights
into optimizing feeding strategies for sustainable
aquaculture practices, enhancing both the economic
viability —and health of cultured sea  bass.
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Material and Methods

Animals, conditions and water

parameters

experimental

The experiment was carried out in Sinop University
Fisheries and Agquaculture Faculty Research and
Application Center. Sea bass (300 fish) provided from a
commercial sea bass farm (Kizilirmak Su Uriinleri Inc.,
Samsun/Turkey) were used. The transport of fish was
carried out with water-filled and ventilated transport tanks.
The fish brought to the research center were stocked in 3-
ton tanks, and they were acclimatized to the experimental
conditions by taking them for a 2-week feeding period
with commercial sea bass feed. After acclimatization, fish
(weight ~32.09+0.07 g) were fasted for a day, weighted
and randomly distributed into 120-L rectangle glass
aquaria in a recirculation seawater system.

Fish were maintained under a stress-free conditions
during the experimental period. The water quality
parameters of the recirculated system were measured daily;
temperature (21.11 = 0.05°C), dissolved oxygen (DO)
(7.08+0.01 mg/L), pH (8.14+0.05) and salinity
(19.65+0.06%0) did not change significantly between
treatments during the experiment. A recirculated system
consisting of 15 tanks and five sump filter systems was
established. Mechanical, chemical and biological filtration
were provided thanks to the continuous water circulation
and filter materials in the sump filter system. Aeration was
realized by two air stones placed in the sump filter system.

Experimental design and feeding

The experiment was designed with three replications
using a total of 270 sea bass fingerlings in 15 square tanks
with 18 fish in each tank for eight weeks. The experiment
was divided into two phases: fasting (weeks 0-4) and re-
feeding (weeks 5-8). All treatments were fed commercial
sea bass pellets, with their approximate composition,
mineral content, and amino acid composition detailed in
Table 1. Throughout the experiment, the control treatment
(C) was fed commercial diets twice daily until satiation.
The other four treatments underwent varying fasting
periods: fish in treatments Al (one week fasting), A2 (two
weeks fasting), A3 (three weeks fasting) and A4 (four
weeks fasting) were starved for one, two, three, and four
weeks, respectively.

From weeks 5 to 8, fish in the control treatment (C)
and the fasting treatments Al, A2, A3 and A4 were fed
twice a day until satiation. To remove unnecessary food
and feces, the tanks were regularly siphoned.
Approximately 10% of the total water volume was
replaced daily throughout the experiment. The fish were
weighed every 15 days to monitor growth performance.
They were kept under a natural light regime, and tank
aeration was provided by an air pump.

Sampling

Sampling was done in the 4th and 8th weeks of the
study. During these weeks, a total of 6 fish from each
group (2 fish from each tank) were sampled. First, the

length and weight measurements of the sampled fish were
measured. During these weighing and measuring
processes, in order to prevent the fish from being damaged
by mechanical effects and from getting stressed and to
make accurate measurements, the fish were stunned in
benzocaine solution (50 mg/lt). The weighed fish were
taken to experimental tanks that were cleaned and water
was added after being separated in a separate tank that was
continuously ventilated and contained clean water. The
weighing process was carried out in the early morning
hours when the fish were hungry and since the fish were
not fed on the weighing days, these days were not included
in the experimental period. Then, the abdomen was
dissected, the gastrointestinal organs and liver were
removed. The liver was weighed to determine the
hepatosomatic index (HSI) and placed in small storage
bags. For enzyme analysis, the livers were transported to
the laboratory in a cold chain and stored at -20°C in
sucrose until analysis. The fish meat, after being cleaned
of bones and skins, was weighed, homogenized, and stored
at -80°C for biochemical composition, amino acid, and
mineral matter analysis.

Amino acid analysis of fish feed

Agilent Technologies/6460 Triple Quad LC-MS/MS
Liquid Chromatography Mass/Mass Spectrometer was
performed for amino acid analysis; 5 separate standard,
internal standard, mobile phases, reagents,
chromotographic separation and mass detection parameters
are developed using the Jasem LC-MS/MS amino acid
analysis kit (Pt Berca Niaga Medica/Indonesia) with
updated sample preparation including acid hydrolysis
procedure (Bilgin et al., 2018).

Mineral matter analysis of fish fillets

Element analysis was determined in the laboratories of
Sinop University Scientific and Technological Researches
Center (SUBITAM). Analyses (Se, P, Zn, Ca, Na, K, Mg,
Mn, Co and Fe) were performed by wet digesting of the
samples in HNO3s/H;0,. 0.5 g of the sample from the
homogenous sample was placed in the 90 ml heat and
pressure-resistant dried or lyophilized teflon containers of
the microwave device. The sample was treated with 7 ml
of 65% HNO; suprapur purity and 1 ml of 30% H,0;
suprapur purity before being broken up in the necessary
microwave program. Up to 50 mL of ultrapure water was
filled into the containers and read on the ICP-MS
(inductively coupled plasma/optical emission
spectrometer).

Analytical procedures of antioxidant enzymes

At the end of fasting and re-feeding periods, fish liver
samples were taken to determine the activity of antioxidant
enzymes such as SOD, CAT, GPx and LPO. All samples
were stored at —80 °C until analysis. After thawing, liver
samples were washed with sterile physiological saline,
dried with filter paper, and homogenized in a Potter-
Elvehjem homogenizer with approximately 1 g liver
sample and inserted in a homogenization medium (0.25 M
sucrose, 0.5 mM EDTA and 10 mM Tris-HCI; pH 7.4) for
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4°C centrifugation, 20000 g for 45 minutes (Hisar et
al., 2009). The supernatant was isolated after
centrifugation and used for enzyme activity assays. In the
analysis, SOD was determined using the SIGMA 19160-
1KT-F SOD Assay Kit; catalase activity was determined
using the Cayman 707002 Catalase Assay Kit; glutathione
peroxidase activity was determined using the Cayman
703102 Glutathione Peroxidase Assay Kit; and lipid
peroxidation was determined using the Cayman 10009055
TBARS Assay Kit. All these methodologies have been
carried out following the guidance of the manufacturer.

Statistical analysis

Results were presented as mean+SE. The data collected
at the conclusion of the study were analyzed using one-
way analysis of variance (ANOVA), and Tukey's multiple
comparisons procedure was used to determine the
significance level of differences within and between
groups (IBM SPSS 21). The relationships between fillet
and diet fatty acids were evaluated by regression analysis.
The tables and figures were created using the MS Office
2010 program. Prior to statistical analysis, arcsine square

root transformations of percentage data were performed to
ensure homogeneity of variances. When p<0.05,
differences were deemed significant.

Results

Amino acid and mineral matter contents of fish
feeds

The commercial sea bass feed used in the study
contained 46% crude protein and 19% crude lipid. It was
rich in minerals, including Calcium (Ca, 22897.07 mg/kg),
Potassium (K, 8346.08 mg/kg), and Phosphorus (P,
15207.15 mg/kg). The feed also included essential amino
acids such as histidine (1.47%), isoleucine (1.42%),
leucine (3.73%), lysine (3.31%), methionine (0.90%),
phenylalanine (2.15%), taurine (2.09%), and valine
(1.90%) (Table 1). The essential amino acid profiles of the
experimental diets meet the requirements for the sea bass
(NRC, 1993). All the essential amino acids for growth
were found in the diets. The amino acid composition of the
experimental diet is shown in Table 1.

Table 1. Biochemical composition, mineral matter contents and amino acid composition of commercial sea bass pellets

used in the study

co?r:g(;r;?tr;irﬁézlo/o NRC | Mineral matters NRC (1993) Esse_ntial Amino NRC 'X?Q{ﬁzs/ﬂtiidf NRC
wotweighy | (1993) (mg/kg) Acids (g/100g) | (1993) i (1993)
Crude protein 46 | 45-55 Caz'ggugr;‘.éga) 12000-20000 Fisiine 0.8-1.2 A'Z‘"’fgz)”e 3.0-45
Crude lipid 19 | 10-20 ';OI”ZFQF? 50-100 fsolevcine 12-18 ASpT;‘;aCid 45-6.5
Ash 10 | <12 POtg;jggg(K) 9000-12000 "e;%”e 1825 G'“twg acld | 65100
Fiber 17 ; Magg%i;g;'v'g) 500-1000 "%’326 2535 G'gg;”e 4.06.0
Sogiuzrgég'a) 2000-4000 Met(;"g’(;"”e 0.9-1.2 S;_gge 2.0-35
Phizpzhg;zz(P) 7000-12000 Phe”g’ﬁ?”i”e 1218 Tylr_c’;;”e 0.9-1.3
Mangggt;si (Mn) 10-30 Thrze-(égine 1218
e | e | | e
Cobza'li SECO) ) Arzg.lg E;ne 1825
Se'enlifjs'g (Se) 0.15-0.3
(1:'35/5 1.33-1.67

Growth performance

The best growth during the fasting period was in the
control group, growth in other groups decreased according
to the degree of fasting (Figure 1). As a result of the first
weighing of the fish with the same average initial weights
on the 15th day, a slight decrease was determined in all
groups including the control. The control group showed a

rapid recovery and growth rate dollowing a decline after
day 15th. A1 and A2 groups also showed a recovery after
the decline on day 15th, but they did not grow as fast as
the control group. Groups A3 and A4 also showed growth
after the decline on day 15th, but the recovery was not as
strong as the other groups. At the end of the study,
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treatments were ranked as control>A1>A2>A3>A4 with
respect to observed growth rates.

the control group (Table 2). HSI was quite low in groups
A2 (fasting for two week), A3 (fasting for three week) and
A4 (fasting for four week) during the fasting period. HSI

Although fish weights increased rapidly after the re- values increased when re-feeding was started (p<0.05).

feeding period, the best growth was determined in the
control group as there was no full compensatory growth.
Accordingly, the highest SGR, FCR and HSI were also in

40,00

30,00 *

Average weight (g)

20,00

=4— Control

Al

3 4

A2 A3

5 6

Time (weeks)

——A4

Figure 1. Changes in the average weight of fish during the study period

Table 2. Growth and feed utilization of sea bass fingerlings fed with fasting (week 0 to 4) and re-feeding (week 5 to 8) for

8 weeks.
Treatments
Control Al A2 A3 Ad
Initial weight (g) 32.03£0.028  32.28+0.192 32.01+0.382 32.13+0.18%  32.01+0.14°
Weight (0-4 weeks; g) 41.66£1.058  34.95+0.82° 32.14+0.78¢ 29.07+0.11¢ 27.98+0.26°
Lenght (0-4 weeks; cm) 15.62+0.222 15.38+0.222 15.12+0.172 15.15+0.232 14.98+0.228
Final weight (5-8 weeks; g) 58.33+2.962  48.79+2.85" 46.38+1.11¢ 4321+1349  45.79+2.02°
Final length (cm) 17.69+0.052 16.73£0.39° 16.49+0.06° 16.13+0.13b 16.39+0.23b
Weight gain (g) 26.30+2.97%  16.51£2.90° 14.37+1.26° 11.08+£1.62¢  13.78+2.14°
SGR (g day™?) 1.07+0.132 0.74+0.15° 0.66=0.07¢ 0.53+0.04¢ 0.64+0.11°¢
Daily feed intake 24.08+0.772 18.40+0.75° 14.94+0.19°¢ 14.98+0.19¢ 11.90+0.62¢
FCR 1.37+0.12¢ 2.03+0.30° 2.12+0.30° 1.84+0.48° 2.82+0.742
HSI (0-4 weeks; %) 1.75+0.262 1.17+0.06° 0.80+0.06° 0.70+0.59¢ 0.82+0.07°¢
HSI (5-8 weeks; %) 1.72+0.21¢ 1.65+0.12¢ 1.82+0.15° 1.87+1.718 1.76+0.19°¢

Data are reported as mean + standard errors of three replicates (3). Means with different superscript letter in a row are significantly different (p<0.05).
SGR:Specific Growth Rate,,FCR: Feed Conversion Ratio, HSI: Hepatosomaticlndex
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Mineral matter contents of fish fillets

Comparisons of fillet mineral matter contents (mg/kg)
during the fasting period (week 0 to 4) and re-feeding
period (week 5 to 8) of sea bass fingerlings are shown in
Table 3. In the fasting period, calcium, potassium, sodium
and iron ratios were more dominant than the re-feeding

period. The A4 group (fasting for four week) had the
highest mineral content during the fasting period compared
to the control group of both periods. In the re-feeding
period, the lowest calcium, iron, phosphorus, manganese
and zinc were in the control group, the other groups had
slightly higher values.

Table 3. Comparisons of fillet mineral matter contents (mg/kg) during fasting period (week 0—4) and re-feeding period

(week 5-8) of sea bass fingerlings

Treatments

Control

Al

A2

A3

A4

Fasting period (mg/kg; week 0-4)

1104.22+4.27¢
6.65+0.64¢
2874.93+3.98¢
319.87+£5.11°¢
443.70+3.70°
2869.16+4.09¢
0.57+0.06
6.95+0.71P
0.25+0.012

1465.66+1.37°
10.20+0.942
3150.80+2.22°
337.96+2.91°
455.29+2.44°
3238.18+2.99°
0.60+0.07°
6.81£0.78°
0.26+0.002

1860.47+4.512
4.83+0.52¢
5403.33+£3.28¢
357.60+2.962
527.40+2.822
3509.70+2.892
0.61+0.11°
7.56+0.992
0.26+0.022

Re-feeding period (mg/kg; week 5-8)

Calcium 1391.88+5.79¢ 823.01+2.96°
Iron 7.65+0.54°¢ 8.19+1.07°
Potassium 3044.18+4.36° 2612.03+3.09¢
Magnesium 322.26+£4.61° 310.35+3.54°¢
Sodium 400.33+4.60°¢ 401.02+3.66°
Phosphorus 2453.91+4.544 2831.07+3.19°¢
Manganese 0.70+0.112 0.53+0.07¢
Zinc 6.76+0.64° 7.09+0.97°
Selenium 0.25+0.022 0.25+0.022
Calcium 201.35+1.17¢ 304.47+0.78¢
Iron 5.69+0.07¢ 7.97+0.05¢
Potassium 1739.88+1.752 1798.09+2.052
Magnesium 289.31+1.76° 307.48+1.052
Sodium 545.76+2.392 377.54+1.15°
Phosphorus 2349.48+1.81° 2581.99+1.50°
Manganese 0.28+0.01¢ 0.36+0.01¢
Zinc 5.29+0.10° 5.3940.06°
Selenium 0.22+0.012 0.22+0.012

511.88+2.81°
32.3940.18?
1669.62+1.82°
306.86+£1.612
334.89+1.39¢
2481.07+1.92°¢
0.89+0.012
6.39+0.092
0.24+0.012

398.42+1.96°¢
15.88+0.11P
1683.15+2.31°
281.94+1.24°
356.40+1.52%¢
2481.57+1.99°¢
0.76+0.01°
5.55+0.09P
0.22+0.012

841.53+3.222
14.16+0.04°¢
1695.59+1.61°
304.38+1.462
352.98+1.67
2863.49+2.122
0.73£0.01°
5.93+0.072
0.20+0.012

Data are mean = SE. Means with different superscript letter in a column are significantly different (p<0.05)

Antioxidant enzyme activities of fish

In this study, antioxidant enzyme activities (SOD,
CAT, GPx, LPO) were evaluated to determine the effects
of experimental treatments (Figure 2). In all groups, SOD,
CAT, GPx and LPO activities, which were high during the
fasting period (especially in the A2 group), decreased
during the re-feeding period except for A4 group.

SOD activities determined on the fasting and re-
feeding periods in Table 4. The highest SOD activity was

recorded in A2 group (76.23+1.97 U/mg protein), whereas,
the lowest was in A4 group fish (30.16+1.84 U/mg
protein) on the fasting period. On the re-feeding period,
the highest SOD value was in A2 and A4 groups. On the
other hand, control group fish had lowest SOD activity
(p<0.05). Lipid peroxidation (LPO) was examined in liver
tissues of fish. LPO results determined on the fasting and
re-feeding periods are presented in Table 4. On the fasting
period, the highest LPO value was in Al group fish. On
the other hand, control, A2 and A3 groups fish had the
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lowest muscle LPO (p<0.05). During the re-feeding
period, A3 group had the highest LPO value and it
decreased significantly in fish of all the experimental
groups and control (p<0.05). Highest GPx activity was
observed in Al and A3, on the fasting period (p<0.05).
There were no significant differences in GPx values
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between control and experimental groups on the re-feeding
period (p>0.05). In terms of CAT, the highest value was in
the control group on the fasting period (Table 4). The
lowest value was estimated in A2 on the same period. On
the re-feeding period, fish of all experimental groups were
significantly higher than that of the control (p<0.05).
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Figure 2. Changes in Superoxide Dismutase (SOD), Catalase (CAT), Lipid Peroxidase (LPO) and Glutathione Peroxidase
(GPx) activity of sea bass fingerlings fed with fasting (week 0 to 4) and re-feeding (week 5 to 8) for 8 weeks.
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Table 4. Antioxidant enzyme activities of sea bass fingerlings fed with fasting (week 0 to 4) and re-feeding (week 5 to 8)

for 8 weeks.

Antioxidant Enzyme Acitvities
Groups

SOD LPO GPx CAT
Fasting period (week 0-4)
Control 30.21£1.96° 13.78+1.23°¢ 0.01+0.012 9.57+1.102
Al 36.21£1.67° 61.67+1.43¢2 0.04+0.022 2.18+1.63°
A2 76.23+£1.972 15.68+1.09° 0.01+0.012 0.91+0.10°
A3 30.16+1.84° 14.45+0.67° 0.03+0.01? 2.41+0.18°
Ad 15.05+1.52¢ 34.28+0.22° 0.01+0.012 2.27+1.81°
Re-feeding period (week 5-8)
Control 11.14+1.91¢ 10.02+0.28°¢ 0.02+0.012 1.61+0.27¢
Al 17.16+1.80° 6.424+0.49¢ 0.03+0.01? 2.44+1.812
A2 27.36+1.932 4.5340.059 0.02+0.012 1.91+0.79°
A3 18.37£1.56° 25.94+1.172 0.04+0.032 3.27+1.242
Ad 31.30+1.09¢ 13.95+1.18° 0.04+0.012 2.4240.58"

Data are mean + SE. Means with different superscript letter in a row are significantly different (p<0.05)

Discussion and Conclusion

Fish can absorb minerals not only through food
digestion but also by ingesting seawater and through
exchanges between body tissues such as skin and gill
membranes. Ca is readily absorbed from seawater, while
freshwater contains low levels of calcium. However, most
feedstuffs, especially those derived from animal proteins,
are rich in Ca, indicating that calcium deficiency in fish
caused by nutrient deficiencies is wvery unlikely.
Conversely, both seawater and freshwater have minimal P
content, making P levels in feeds and feed ingredients
nutritionally very important (Anonymous, 2024a,b). It is
well known that maintaining a favourable Ca and P
balance is vital for fish, as it is for many vertebrates. The
recommended ratio in fish feed is 1:1 or 1:1.5 (Martinéz-
Valverde et al., 2000).Burrow et al. (2020) emphasized the
physiological importance of Ca and P and stated that these
minerals are essential for growth and energy production. In
their study, Ca/P ratio was found to be 1.51 mg/kg. It was
also reported that phosphorus supplementation to the diets
of Atlantic salmon (Salmo salar) reared in seawater
increased growth, improved feed utilisation and supported
bone mineralisation (Akyurt, 1994).

Factors affecting the growth of fish in the feedback
process after the fasting period are the amount of
consumed feed, the quality of feed, and the water
temperature (Ali et al., 2003; Eroldogan et al., 2006;
Pérez-Jiménez et al., 2007; Tiirkmen et al., 2012). Also,
during periods of nutrient deprivation, the activation of

body energy reserves to sustain life processes in fish, leads
to a loss of body weight (Gisbert et al., 2011). Although
partial compensatory growth (Morales et al., 2004;
Mozanzadeh et al., 2017) and full compensatory growth
(Pascual et al., 2003; Taravat et al., 2019), were reported,
overcompensation growth is rare (Yilmaz, 2012). Adakli
and Tagbozan (2015) reported that short-term fasting and
multiple cycles showed partial compensatory growth in sea
bass. A partial compensatory growth was determined in
the current study. Some similar results were obtained in
studies on feeding patterns with different fish species
(Eroldogan et al., 2006; Mozanzadeh et al., 2017). Several
studies have shown that compensatory fish growth is likely
to be related to the length and impact of dietary restrictions
imposed before re-feeding (Ali et al., 2003; Mozanzadeh et
al., 2017). Applying different fasting and re-feeding
protocols in sea bream juveniles (Sparus aurata) showed
partial growth after feeding during the cycle period and
even until satiation for 3 more weeks. Some degree of
compensation was also achieved during the re-feeding
period, but the best growth rate and SGR were reported in
the control group (Eroldogan et al., 2006).

Compensatory growth is a complex phenomenon
influenced by various mechanisms, including metabolic
adjustments and increased feed intake efficiency. After a
period of starvation, fish often exhibit a hyperphagic
response upon re-feeding, consuming more food than
during normal feeding periods. This increased feed intake
can lead to accelerated growth rates as the fish efficiently
utilize the available nutrients to catch up on the lost growth
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(Ali et al., 2003; Johansen et al., 2001). Additionally,
metabolic adjustments, such as enhanced protein synthesis
and reduced energy expenditure during the re-feeding
period, play a crucial role in facilitating compensatory
growth (Won and Borski, 2013). These mechanisms
enable fish to not only regain lost weight but also improve
their overall physiological condition, contributing to better
growth performance and health outcomes. Graynoth and
Taylor (2000) applied restricted feeding for 33 days in two
species of eels (Anguilla australis and A. dieffenbachii)
which were then fed to satiation for 10 days and
determined that compensatory growth occured at the end
of the experiment. Mozanzadeh et al. (2017) reported that
with the same nutritional regimen (1-day fasting, 2 days
re-feeding) in sobaity seabream (Sparidentex hasta)
showed full compensatory growth. This suggests that
fasting and re-feeding cycles provide a species-specific
response. Again, Taravat et al. (2019) reported that after
the re-feeding period, groups with food deprivation
showed full compensatory growth and from the results
sobaity seabream had the ability to maintain optimal
growth after periods of food deprivation and re-feeding.
Pérez-Jiménez et al. (2007), who subjected sea bass to a 9-
day fasting period followed by 12 days of re-feeding with
diets containing 42% (42P) and 50% (50P) protein,
reported that fish experienced rapid metabolic adjustments
to both fasting and re-feeding, and that no significant
differences in growth performance, feed intake and feed
efficiency were observed between groups. Tiirkmen et al.
(2012) concluded that sea bass responds rapidly to cyclical
fasting and re-feeding and that the 25% restricted feeding
rate is insufficient to induce a compensatory growth
response in sea bass.

The majority of fish species rely on their body's protein
and lipid reserves when they are starved, and research on
the significance of glycogen as an energy reserve has
produced conflicting findings (Hemre et al., 2002; Furné et
al., 2012). The main site of glycogen accumulation in fish
is the liver. The cases of liver enlargement have been
reported as a result of intense glycogen accumulation
(Hemre et al., 2002). In the current study, low HSI in the
fasting groups (Al, A2, A3, and A4) supported lipid
utilization for metabolic energy. Our results are consistent
with the observations for several fish species in which
rapid regeneration of liver reserves in re-feeding. This
demonstrates the importance of the liver during short-term
fasting and restricted feeding regimes (Ali and Jauncey,
2004; Pérez-Jiménez et al., 2007). This might be the result
of consuming more feed in the early stages of re-feeding in
order to replenish muscle glycogen stores quickly and to
recover energy (Black and Love, 1986). According to Liu
et al. (2022), after seven days of re-feeding, the majority of
the starvation-induced alterations in the immune system,
gut microbiota, liver transcriptome, and enzyme activity in
golden pompano (Trachinotus ovatus) progressively
returned to normal. Because a species' eating habits
influence how it responds metabolically to nutrient
scarcity, carnivorous fish—which naturally feed less than
omnivorous and herbivorous fish—are more adapted to
this environment than other fish species (Furné et al.,

2012). Given their carnivorous nature, sea bass juveniles in
our study may have chosen to segregate intraperitoneal
lipids for various metabolic uses, such as foraging
(Eroldogan et al., 2006).

Fish meat is an important source of minerals despite
being high in digestible protein. While K, Na, Cl, Mg, P
and Ca contents are higher, Fe, Zn, Cu and | contents are
lower (Martinéz-Valverde et al., 2000). These components
are also crucial for many aspects of fish metabolism. They
give fish bones their strength and toughness. They are
primarily involved in the neurological and endocrine
systems, as well as in preserving the osmotic equilibrium
with the water environment, in bodily fluids. They are
parts of blood pigments, enzymes, and other organic
substances. They also have a role in metabolic processes
related to energy transport (New, 2021). Various studies
have shown that the trace mineral content in fish is
affected by various factors such as fish size (Yildiz, 2008),
sexual maturity (Roy and Lal, 2006; Yildiz, 2008), food
sources (Roy and Lal, 2006) and environment (Yamashita
et al., 2006). In the present study, there were no significant
size variations among all groups and not all fish were
sexually mature. All environmental conditions such as
salinity, temperature, dissolved oxygen and pH were
optimal for these fish species. Only the factors of food
deprivation and re-feeding, which were included in the
study, were different. Different things happened to each
group depending on the circumstances. Fish utilize their
endogenous reserve to obtain the energy required to
sustain essential functions (brain function, breathing,
controlling mineral balance, etc.) and drastically cut
energy expenditure from protein conversion in order to
survive during periods of unfavorable feeding conditions
(Salem et al., 2007). Depending on the species, this
response necessitates metabolic adjustments (Wang et al.,
2006). Furthermore, fish age or nutritional state are two
variables that affect intra-specific modifications unique to
these circumstances (Furné et al., 2012). During the fasting
period, the highest mineral contents were found in the A4
group (fasting for four week). This suggested that fish tend
to store minerals as a response to fasting.

Although similar results were determined among
mineral matter compositions in all groups during the re-
feeding period, the calcium and phosphorus ratio was
significantly lower than the values determined during the
fasting period in all groups. Considering that calcium is an
important mineral for bone development, it suggested that
fish may have used these minerals effectively in bone
development. In addition, calcium and phosphorus are
physiologically critical minerals that are particularly
necessary for growth and energy production (Burrow et al.,
2020), suggesting that fish may have stored these minerals
during the fasting period. Sodium is a mineral that is part
of the carbohydrate and amino acid transport mechanism.
Potassium balances the effects of sodium and ensures that
fluid levels remain within a certain range. It also helps the
proper functioning of body systems, including heart,
muscle and bone health. (Akyurt, 1994).
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Fish defense mechanisms that either completely
eradicate or significantly restrict the spread of infections
are involved in the antioxidant enzyme activities of fish
(Blazer, 1992). The rise in antioxidant enzyme activity has
been viewed by many scientists as a defense mechanism
against oxidative stress (Thomas, 2000). According to
Florescu et al. (2019), the activities of the enzymes SOD
and CAT are thought to be biological indicators of
oxidative stress, and an increase in SOD activity could be
brought on by an increase in intracellular superoxide
radicals (Cheng et al., 2007). Furthermore, oxidative stress
resulting from a reduction in oxygen consumption varies
among fish species and could be caused by a decrease in
activity as a means of preserving body energy during times
of food scarcity (Glass, 1968). In our study, activities
specific to SOD and CAT increased in the liver of fish that
were exposed to the fasting period compared to the re-
feeding period. Therefore, excessive ROS production due
to fasting, precisely O,- and H,O,, may have triggered an
increase in both SOD and CAT activities in the liver.
Antonopoulou et al. (2013), contrary to the current study
results, reported that there was no significant change in
antioxidant enzyme levels in sea bass liver, and that there
were significant changes in antioxidant enzyme levels
(SOD and CAT) in other tissues they examined (red
muscle, intestine and white muscle). Furthermore, in both
Sparus aurata (Pascual et al., 2003) and Dentex dentex
(Morales et al., 2004), dietary restriction has been shown
to considerably improve antioxidant enzyme activities
such as SOD, glutathione reductase, glutathione
peroxidase, and CAT. Nonetheless, following a 12-week
fast, there has been evidence of elevated CAT activity in
the liver of Atlantic cod (Guderley et al., 2003). According
to Bayir et al. (2012), antioxidant enzyme activity
increased when brown trout (Salmo trutta) were deprived
of nutrients, and re-feeding did not always result in
antioxidant enzyme activity control values. In a similar
vein, it was observed that following seven days of
undernutrition, the expression of SOD and CAT genes in
the liver and gills of Labeo rohita fingerlings was
considerably elevated, downregulated after three days of
re-feeding, and returned to basal levels after eight days of
re-feeding (Dar et al., 2019). Growth, biochemical indices,
and oxidative stress measures, including as total
antioxidant capacity, CAT, and SOD, were all impacted by
starving and re-feeding in a study conducted on golden
pompano (Trachinotus ovatus) (Liu et al., 2022).

When hunger and fasting stress are present, oxidative
stress production in fish is typically linked to an increase
in LPO levels (Furné et al., 2009). The results, which were
consistent with previous research, demonstrated that the
fasting phase significantly increased LPO in the liver
compared to control fish and that the re-feeding period
caused oxidative stress based on LPO levels. In contrast to
what we found, Florescu et al. (2019) observed that during
the fasting phase and the re-feeding period that followed,
the levels of LPO in stellate sturgeon (Acipenser stellatus)
rose. Sakyi et al. (2020), in line with our research, found

that Nile tilapia (Oreochromis niloticus, Linnaeus 1758)
had a decrease in LPO levels during the re-feeding phase.

According to Zeng et al. (2016), one of the key
antioxidant enzymes in the fish antioxidant defense system
is GPx. In contrast to the control group, Wang et al. (2019)
discovered that GPx levels in the tissues (gill, liver, spleen,
and kidney) of Schizothorax wangchiachii were not
significantly impacted by varying food restriction and re-
feeding regimens. Although the fish in the current study
were stressed out by fasting, the detrimental consequences
of this stress were largely offset by re-feeding, so there
was no discernible difference in the liver GPx levels
between the treatments. In contrast, as re-feeding time
rose, antioxidant enzyme levels such as SOD, CAT, and
LPO dropped. These findings suggest that oxidative stress
in European sea bass may occur from extended fasting.
According to research by Furné et al. (2012), oxidative
stress indicators were still present in the liver tissue and
red blood cells of rainbow trout (Oncorhynchus mykiss)
and sturgeon (Acipenser naccarii) after a protracted fasting
period of 72 days and a 60-day re-feeding phase.
Variations in species responses, life history phases, culture
conditions, duration and degree of food availability, and
the particular tissues tested can all be responsible for the
observed disparities in the results (Antonopoulou et al.,
2013).

The current research results confirm that a fasting and
re-feeding regimen can serve as a viable alternative
nutritional strategy in aquaculture for European sea bass
(Dicentrarchus labrax) in low salinity conditions (%019).
The observed partial compensatory growth, along with
significant fluctuations in mineral content and antioxidant
enzyme activities, suggests that fish can adapt to periods of
feed deprivation followed by re-feeding in these specific
conditions. However, the impact on fish health and long-
term performance indicates that these regimens must be
carefully managed. Future studies should focus on
optimizing fasting and re-feeding protocols at low salinity
levels to minimize stress, ensure optimal growth, and
maintain the nutritional and physiological well-being of
the fish. These efforts will contribute to the sustainable and
economical production of this valuable species in
aquaculture under low salinity conditions.
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Keywords: Abstract: A total of 513 the striped piggy, Pomadasys stridens were collected from iskenderun Bay,

Eastern Mediterranean, by a fishing boat at depths of 18-20 m in July and August 2017. The overall sex
LWR ratio (female:male) was 1:1. The total length (weight) of females varied between 7.1 cm and 14.6 cm
Diet (4.78 g to 44.97 g), and of males between 7.5 cm and 15.5 ¢cm (6.61 g to 59.15 g). The length—weight

Pomadasys stridens
Iskenderun Bay
Eastern Mediterranean Sea

relationships were: W=0.00965-L31%* (=0983) for females, W=0.00876-L%*% (r=0.986) for males and
W=0.00834-1321° (r=0.988) for both sexes. A total of 156 P. stridens stomachs were analyzed and 22
taxa were identified. Copepods formed the main prey group for all length classes. Amphipoda,
Polychaeta and Decapoda were found to be important prey groups for this species feeding in the area. A
total of 9 different copepod species were identified with the highest percentage IRI values determined
for Calanopia elliptica (Calanoida) and Euterpina acutifrons (Harpacticoida).

Anahtar kelimeler: iskenderun Korfezi'nde (Dogu Akdeniz) Pomadasys stridens (Forsskal,

LWR 1775)’in Boy-Agirhk iliskisi ve Besin Kompozisyonu
Besin kompozisyonu
Pomadasys stridens
Iskenderun Korfezi
Dogu Akdeniz.

Oz: Toplam 513 adet Pomadasys stridens bireyi iskenderun Korfezi (Dogu Akdeniz)'nden bir balik¢t
teknesi ile Temmuz ve Agustos 2017'de, 18-20 m derinlikten toplanmistir. Cinsiyet oran1 (disi:erkek)
1:1 olarak hesaplanmustir. Disilerin toplam boyu (agirligr) 7,1 cm ile 14,6 cm (4,78 g ile 44,97 q),
erkeklerin ise 7,5 cm ile 15,5 cm (6,61 g ile 59,15 g) arasinda degismistir. Boy-agirlik iliskileri: disiler
igin  W=0,00965-1316% (1=0,983), erkekler igin W=0,00876-L3® (1=0,986) ve tiim bireyler igin
W=0,00834-1321% (r=0,988)’dir. Toplam 156 P. stridens midesi incelenmis ve 22 takson tamimlanmistir.
Copepodlar tim boy smflart i¢in esas av grubunu olusturmustur. Amphipoda, Polychaeta ve
Decapoda'nin bolgede beslenen tiir i¢in diger 6nemli av gruplart oldugu bulunmustur. Copepoda
smifindan 9 tiir tammlanmis ve en yiiksek IRI degerleri Calanopia elliptica (Calanoida) ve Euterpina
acutifrons (Harpacticoida) igin belirlenmistir.

Introduction

In recent years, especially in the Mediterranean, the
vast majority of studies on biodiversity are conducted on
Lessepsian species. The striped piggy, Pomadasys stridens
(Forsskal, 1775), is a lessepsian migratory fish of the
family Haemulidae. They live in coastal waters and swims
in schools at depths of up to 25 m on sandy bottoms. It is
considered as a commercially fundamental food fish in the
northern Indian Ocean especially Agaba Gulf, Persian Gulf
and the Bitter Lakes in Egypt (Karimi et al., 2014). P.
stridens, was first recorded in 1969 by Torchio from the
Genoa Bay in Italy (Golani et al., 2002). There are various
records on the Aegean and Mediterranean coasts
(Bilecenoglu et al., 2009; Ergiden et al., 2015;

*Corresponding author: dilek.ilhan@ege.edu.tr

Vahabnezhad et al., 2015; Akyol & Unal, 2016; Akyol &
Coker, 2018; Vahabnezhad et al., 2018; Osman et al.,
2019). The aim of the present paper was to describe the
length-weight relationship (LWRs) and diet composition
of P. stridens from iskenderun Bay, a very important
fishing area in the north-eastern Mediterranean, lies beside
the southern Turkish metropolitan cities of Adana and
Hatay. LWR of fishes is very important in fisheries
research because it is essential in establishing stock
composition and evaluating fish condition.
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Material and Methods

The striped piggy specimens were captured between
July to August 2017 in the Iskenderun Bay (Figure 1) and

a total of 513 P. stridens samples were examined. Total
length (+1.0 mm) and weight (£0.001 g wet weight) were
recorded for each fish. The sex ratio was evaluated by
using the chi-square test (y%) (Zar, 1999).
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4082000
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4081000

750000 720500

760000 760500 761000
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Figure 1. The sampling area of Pomadasys stridens

Parameters of the length-weight relationship were
obtained by fitting the power function W=a-L" to length
and weight data where; W is the total weight (g), L is the
total length (cm) and a (intercept) and b (slope) are
regression constant (Sparre and Venema, 1992). The
student’s t-test was used to test isometric growth (Ricker,
1973).

The fish stomachs were removed immediately
following capture and were stored in 4% buffered formalin
solution until the contents were analysed. For analysing
food composition of length groups, the samples were
divided into 5 length groups as; below 8 cm, between 8.1-
10.0 cm, between 10.1-12.0 cm, between 12.1-14.0 and
bigger than 14.1 cm. The contents of each stomach were
placed on a petri dish and identified to the possible lowest
taxonomic class using a binocular microscope. All food
items were counted and weighed wet to the nearest
+0.0001 g after removing excess liquid. Completely
digested food remains were also recorded as unidentified.

Three widely-used measures were utilized to quantify
stomach contents and also to reveal the relative importance
of various food items in the diet: percentage frequency
(%FO), percentage composition by number (%N), and
percentage composition by weight (%W). (Bowen, 1996;
Tirasin, and Jergensen, 1999). Additionally, the index of
relative importance (IRI) was estimated for each food item
(Pinkas et al., 1971).

In order to determine the preference categories of the
prey groups IRI (Index of Relative Importance) values
suggested by Morato-Gomes (1995) was used. IRI values
were reported as percentage as an estimate of relative
importance of each prey type in the diet of examined fish
and to make comparisons between other studies (Cortés,
1997 and 1998). Main important prey (MIP) was
considered when  IRI>30x%(0.15xX%F), secondary
important  prey  (SP) was  considered  when
30%(0.15xZ%F)>IRI>10%(0.05%X%F) and occasional prey
(OP) was considered when IRI<10%(0.05xX%F).
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Percentage Frequency of Occurrence =>

Percentage Composition by Number =

Percentage Composition by Weight =

Index of Relative Importance =>

Percentage IRI =>
Results

Of the 513 individuals of P. stridens, 182 (35.48%)
were males, 181 (35.28%) females, and 150 (29.24%)
were immature fishes. The female:male ratio was 1:1 and
the chi-square analysis indicated that there was no
statistically significant differences among sexes (¥2,
p<0.05). The total length (weight) of females ranged
between 7.1 - 14.6 cm (4.78 g - 44.97 @), and males
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between 7.5 - 15.5 cm (6.61 g - 59.15 g). The majority of
fish belonged to length group of 7.0 cm,accounting for
47% of all samples (Fig 2).

According to Student’s t-test, positive allometric
growth (P>0.05 was observed for females, males and
combined sexes in the research area (Table 1).

= Male (n=182)

m Female (n=181)

u All (n=513)

11 13 15

Total Length [cm]

Figure 2. Length frequency distribution of Pomadasys stridens from iskenderun Bay, Eastern Mediterranean Sea
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Table 1. Parameters of length—weight relation of Pomadasys stridens from Iskenderun Bay, Eastern Mediterranean Sea

Sex n TLEm)  TW(g) a b SE(b) R t-test G{%":h
0 181 7.-146 4784497 000965 3.164 00433 0983  3.287° A+
3 182 75-156 4745221 000876 3195 00418 0986 4665 A+
O+3 513 55156 1985823 000834 3219 00241 0988  9.087 A+

n, number of specimens studied; TL, total length; TW, total weight; a, intercept; b, slope; SE(b),standard error of the slope; R, coefficient
of determination, GT, growth type; A+, positive allometric; a, t-test, t<t0.05, n>200=1.65

In the present study, | of 156 stomachs analyzed; 14
were empty and 142 contained prey items. The total
number of the prey items recovered were 8157
representing. 22 taxa. It was determined that the specimens
in all length groups had dominantly full stomachs.

Copepods were identified as the major prey item for all
length groups. In addition, Amphipoda were found to be
another essential prey item for the length group of 12.1 —
14.0 cm. It was determined that Polychaeta and Decapoda

larvae were also important prey items for this species
feeding in the area (Table 2).

Our findings indicated that, striped piggy in iskenderun
Bay feeds mainly on copepods, followed by decapod
crustacean larvae and amphipods. IRI% values was
calculated as 92.39% for Copepods, 1.9 % Amphipoda,
2.98 % Decapod crustacean larvae and 2.73 % all other

preys.

Table 2. Length groups and total main prey taxa IRl % for Pomadasys stridens in Iskenderun Bay, Eastern

Mediterranean Sea

Length Groups
Prey group <8.0 cm 8.1-10.0 cm 10.1-12.0 cm 12.1-14.0 cm >14.1 cm Total
(n=21) (n=21) (n=39) (n=34) (n=27) (n=142)
Copepoda 96.40 98.13 93.47 36.10 40.77 92.39
Gastropoda 0.42 0.18 0.33 0.07 0.10 0.27
Ostracoda 0.49 0.41 0.34 0.29 0.66 0.40
Bivalvia 0.01 0.00 0.01 0.00 0.00 0.01
Cirriped nauplius 0.00 0.00 0.01 0.00 0.00 0.01
Mysidacea 0.00 0.00 0.01 0.81 2.57 0.05
Amphipoda 0.03 0.04 2.20 44.49 6.71 1.90
Decapoda larvae 2.52 1.11 1.70 3.44 11.69 2.98
Penaidae 0.00 0.00 0.02 0.00 0.00 0.01
Polychaeta 0.11 0.03 1.79 14.55 36.42 1.89
Chaetognatha 0.00 0.00 0.01 0.00 0.00 0.01
Salpa spp. 0.00 0.00 0.01 0.00 0.00 0.01
Fish 0.00 0.08 0.04 0.26 0.74 0.04
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Table 3. Length groups and total main prey copepod species IRl % for Pomadasys stridens in Iskenderun Bay, Eastern

Mediterranean Sea

Length groups

<8.0 8.1-10.0cm 10.1-120cm 12.1-14.0cm >14.1 cm Total
Calanoida 2.65 0.03 0.57 0.44 0.45 0.90
Calocalanus pavo 0.01 0.01 0.00 0.00 0.00 0.01
Calocalanus sp. 0.00 0.00 0.01 0.00 0.00 0.01
Calanopia elliptica 22.85 34.33 46.67 11.90 15.52 31.70
Candacia simplex 0.68 0.00 0.00 0.00 0.00 0.08
Candacia sp. 0.01 0.00 0.00 0.00 0.00 0.01
Corycaeus sp. 0.00 0.00 0.00 0.00 0.12 0.01
Oncaea media 0.00 0.01 0.00 0.00 0.00 0.01
Oncaea sp. 0.01 0.00 0.02 0.00 0.00 0.01
Harpacticoida 43.82 51.48 43.88 20.85 20.89 49.09
Euterpina acutifrons 25.35 11.78 1.65 1.17 0.13 8.90
Other Groups 4.61 2.35 7.20 65.64 62.89 9.25

Nine different copepod species were identified (Table
3). Highest IRI values were determined for Calanopia
elliptica  (Calanoida) and  Euterpina  acutifrons
(Harpacticoida). C. elliptica is an invasive species for the
Mediterranean and it is a pelagic species. It is distributed
in neritic and epimesopelagic (Razouls et al., 2005-2023).

Its distribution in the Iskenderun Bay was also reported by
zooplanktonic studies (Donmez, 1998). All the copepod
species determined in the present study are characteristic
for the depths where P. stridens live (Weikert and
Trinkaus, 1990; Sever, 1997; Donmez, 1998).

Table 4. Preferred prey items of Pomadasys stridens, according to Morato Index, in Iskenderun Bay, Eastern

Mediterranean Sea

Length groups Total
<8.0cm 8.0-10.0cm 10.1-12.0cm 12.1-14.0cm 14.1 cm >
IRI>1307.16 IRI >964.30 IRI > 1384.60 IRI > 1098.54 IRI>983.34 IRI>1159.87
(MIP)  Copepoda Copepoda Copepoda Copepoda Copepoda Copepoda
Polychaeta Polychaeta
Amphipoda
IRI > 145.24 IRl > 107.14 IRl > 153.84 IRl > 122.06 IRl > 109.26 IRl > 128.87
(SP) Decapoda larvae  Decapoda larvae  Polychaeta Decapoda larvae  Decapoda larvae  Decapoda larvae
Decapoda larvae Amphipoda Polychaeta
Mysidacea
IRI < 145.24 IRI<107.14 IRI < 153.84 IRI < 122.06 IRI<109.26 IRI < 128.87
Ostracoda Ostracoda Amphipoda Mysidacea Fish Amphipoda
(OP) Gastropoda Gastropoda Ostracoda Ostracoda Ostracoda Ostracoda
Polychaeta Amphipoda Gastropoda Fish Plants Gastropoda
Amphipoda Polychaeta Other groups Gastropoda Gastropoda Other groups
Bivalvia larvae ~ Other groups

MIS=Morato Index score; MIP=main important prey, SP=secondary prey, OP=occasional prey
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According to the Morato Index, copepods were the
main prey group for all length groups analyzed. In some
length groups (IV-V) Polychaeta and Amphipoda were
also observed as the primary prey category. Secondary
prey items were Decapod larvae and Polychaeta and the all
other prey types were considered as occasional preys like
Ostracoda, Gastropoda, and Amphipoda, etc. (Table 4).

Discussion

Lessepsian migrants currently constitute 16.3% of
Turkish marine fish fauna, and the invasion of the

Mediterranean appears to persist unabated. (Bilecenoglu,
2024). The correlation between native and invasive fish is
crucial for the protection and sustainability of fish stocks.
Therefore, these new species' biological characteristics and
hosts should be revealed. P. stridens is a widespread fish
species on the Turkish Eastern Mediterranean coast and
has relatively higher abundance and biomass in
commercial fish catches, especially those below 50 m
(pers. obs. of the first author and communication with the
fishermen). The abundance of this exotic species may have
negative effects on the native demersal fish species due to
competition for food.

Table 5. The number of specimens, female:male ratio and total length range values Pomadasys stridens obtained by

different authors from different area

Research Area N F:M TL Author

Arabian Gulf 216 1:0.70 14.0-19.0 Ahmad & Al-Ghais (1997)

Yumurtalik  shores,  Adana,  Bastern g 133158 Bilecenoglu et al. (2009)

Mediterranean

Northwest of Persian Gulf, Iran 396 1:0.4 11.1-235 Hashemi & Taghavimotlagh (2012)

Karachi Coast, Pakistan 391  1:0.66 5.6-21.0 Safi et al. (2014)

Karachi, Pakistan 192 - 13.8-20.8 Ahmed et al. (2015)

Iskenderun Bay, Eastern Mediterranean 335 - 7.6-17.7 Ergiiden et al. (2015)

PK:rL;iz:stgrL hc)Coastal Waters (Northwest 218 - 75-24.0 Hoveizavi et al. (2016)

Persian Gulf and Oman Sea 2 - 18.8-19.0 Jawad et al. (2017)

Iskenderun Bay, Eastern Mediterranean 1064 1:0.71 9.8-18.3 Ozbek (2017)

Bitter Lakes, Egypt - - 7.0-19.9 El-Azim et al. (2017)

Iskenderun Bay, Eastern Mediterranean 659 1:1.26 5.0-18.3 Uyan et al. (2018)

Persian Gulf, Iran 276 1:0.4 8.0-20.5 Vahabnezhad et al. (2018)

Marmaris coast, Southern Aegean Sea 4 - 13.6-14.0 Akyol & Coker (2018)

Gulf of Suez 409 - 6.6-19.0 Osman et al. (2019)

Northern Part of Persian Gulf (Bushehr) 591 1:3.30 11.7-23.0 Karimi et al. (2019)

Gulf of Suez, Red Sea, Egypt 165 - 8.2-16.3 Basuonie et al. (2020)

f\jlkel?deru“ Gulf, - North-eastern 1,37 1994 7.3-18.9 Avsar et al. (2021)
editerranean

Mersin Bay, North-eastern Mediterranean 565  1:0.87 5.3-17.6 Tiiziin & Giicii (2023)

Syrian coast, Eastern Mediterranean 647 - 7.3-18.9 Nader et al. (2024)

Iskenderun Bay, Eastern Mediterranean 363 1:1 7.1-15.5 Present study

For the Mediterranean Sea, P. stridens was first
recorded in the Gulf of Genoa, Italy by Torchio in 1969
(Golani et al., 2002). After that, it was reported by
BenTuvia (1976) from Bardawil Lagoon, Egypt. In recent

studies, the reported number of specimens of this species,
female:male ratio and total length range values are given
in Table 5. In both the species’ native distribution areas
and in the Mediterranean, females seem to have higher
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abundance than males. But in some studies, the ratio
favored males (Uyan et al., 2018; Karimi et al., 2019). Our
findings were 1:1 for the Iskenderun Bay, which is almost
similar to 1:0.94 reported by Avsar et al., (2021) from the
same area. Differences in the sex allocation of P. stridens
are not clearly explained. They could be coincidental
because the size distribution of the male and female
specimens overlapped in many studies, reflecting similar
growth rates.

Our findings suggest that the striped piggy showed a
positive allometric growth in iskenderun Bay. Osman et al.
(2019), Ergiiden et al. (2015) and Avsar et al. (2021) also
reported that this species showed a positive allometric
growth in Gulf of Suez and Iskenderun Bay. On the other
hand, Hashemi and Taghavimotlagh (2012) and El-Azim
et al. (2017), stated that isometric growth was observed in
the northwest Persian Gulf (Iran) and Bitter lakes (Egypt),
respectively. Ozbek (2017) noted that females of this
species exhibited negative allometric growth, while males
and all individuals exhibited isometric growth in
Iskenderun Bay (Eastern Mediterranean). Differences in b
obtained from other locations relate substantially on the
form and condition of the species. Additionally, several
factors may cause variations in equations of the LWR
among seasons and years, such as salinity, temperature,
sex, gonadal development (Pauly, 1984; Sparre &
Venema, 1992).

Our findings revealed that P. stridens feeds on mainly
crustaceans (Copepoda, Decapoda, Amphipoda and
Mysidacea) and Polychaeta in the Iskenderun Bay. Safi et
al. (2013) reported that the species feeding on crustaceans,
molluscans, teleosts and polychaeta in Pakistan waters of
Oman Sea. In addition, they also predicted that the species
is an active predator and its feeding habits were related
with the abundancy and variety of the prey groups and the
environmental factors. Vahabnezhad et al. (2015) indicated
that the first preferred food items for the species is
crustaceans (Decapoda, Copepoda, Amphipoda, Cumacea
and Ostracoda) and molluscs (Gastropoda, Bivalvia). The
second preferred prey type was Nematoda and the
occasional prey was Echinodermata. EI-Azim et al. (2017)
stated that P. strident is a carnivorous species, fed majorly
on crustaceans (62.12%), molluscs (20.31%) small fishes
(11.31%), polychaetes (1.26%) in the Bitter lakes, Egypt.
Tiiziin and Giicii (2023) reported that the species primarily
feed on crustaceans (mainly copepods), and additionally
on annelids (polychaetes and oligochaetes) in Mersin Bay,
Northeastern Mediterranean Sea.

The differences in prey selectivity of this species
between different studies could be due to the different
composition of the prey items in the areas and
discrepancies in length groups of the fishes (Biswas,
1993).

Studies on the feeding of P. stridens are lacking both in
the Turkish coasts of the Mediterranean Sea and other
areas where the species is native or invasive. This study is
important as it presents the diet of P. stridens for the first
time in Iskenderun Bay, Eastern Mediterranean. More

research is needed to shed light on the reproduction
biology and population structure of this species in the area
to manage the commercial species at a sustainable level.
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Abstract: This study investigates the impact of basic economic variables on production processes in
Tiirkiye's fisheries sector, emphasizing sustainable development strategies. Using a dataset from the
Turkish Statistical Institute covering annual data from 2003 to 2023, the research employs the ARDL
model to examine the long-term and short-term effects of capital investments, labor costs, and energy
expenses on total production. Results indicate that capital investments significantly enhance productivity,
though misallocation can negatively impact efficiency. Labor and energy costs exhibit a negative effect,
underlining the importance of cost optimization for sectoral sustainability. Based on these findings, the
current study proposes strategic policy recommendations such as; efficient capital allocation, labor cost
optimization through training programs, and the adoption of renewable energy sources to reduce
operational expenses. These recommendations aim to support sustainable growth in the Turkish fisheries
sector, enhance food security, and bolster economic resilience.

Tiirkiye Balik¢ihk Sektoriinde Uretim ve Siirdiiriilebilirlik iliskisi: Ekonomik
Degiskenlerin Rolii

Oz: Bu calisma, siirdiiriilebilir kalkinma stratejilerine vurgu yaparak, Tiirkiye'nin balikgilik sektoriindeki
iiretim siirecleri iizerinde temel ekonomik degiskenlerin etkisini arastirmaktadir. Tiirkiye Istatistik
Kurumu'ndan alinan 2003-2023 yillar1 arasindaki yillik verileri kapsayan arastirma, sermaye
yatirimlarinin, is¢ilik maliyetlerinin ve enerji giderlerinin toplam tiretim {izerindeki uzun vadeli ve kisa
vadeli etkilerini incelemek icin ARDL modelini kullanmaktadir. Sonuglar, sermaye yatirimlarinin
iretkenligi onemli 6lgiide artirdigmi, ancak yanlis tahsisin verimliligi olumsuz etkileyebilecegini
gostermektedir. Isgiicii ve enerji maliyetleri olumsuz bir etki gostererek, sektérel siirdiiriilebilirlik icin
maliyet optimizasyonunun 6nemini vurgulamaktadir. Bu bulgulara dayanarak, mevcut ¢alisma; verimli
sermaye tahsisi, egitim programlari aracilifiyla isgiicii maliyeti optimizasyonu ve operasyonel giderleri
azaltmak ic¢in yenilenebilir enerji kaynaklarinin benimsenmesi gibi stratejik politika Onerileri
sunmaktadir. Bu oOneriler, Tirkiye balik¢ilik sektoriinde siirdiiriilebilir biiyiimeyi desteklemeyi, gida
giivenligini artirmay1 ve ekonomik dayaniklilig1 gliclendirmeyi amaglamaktadir.

Introduction

The fisheries sector plays a fundamental role in the
economic development and food security of many countries
in the world. Especially in countries like Tiirkiye, which has
a long coastline and abundant seafood resources, fisheries
is very important both as an economic resource and andin
terms of creating employment opportunity (Bilgin, 2012).
In Tiirkiye, the fisheries sector covers a wide supply chain
from production to marketing, as well as fishing and
aquaculture activities. However, in recent years, the need to
improve the production processes in line with the principles

*Corresponding author: serkan.sengul@mudanya.edu.tr

of sustainable development and to increase economic
efficiency has become even more important (Topcu, 2012).
As stated by the Food and Agriculture Organization (FAO,
2022), fisheries and aquaculture activities contribute to both
global nutritional security and livelihoods. However, issues
such as overuse of natural resources, overfishing and marine
pollution place significant pressure on fish populations
(Cochrane, 2001).

In Tirkiye, the protection of ecosystems such as the
Mediterranean and Black Sea and the dissemination of
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sustainable fishing practices are of great importance in this
context. In the literature, it is frequently emphasized that a
balance should be established between the environmental
and economic sustainability of the fishing sector (Jacobsen,
2016; Pierce et al., 2012). In studies conducted in line with
sustainable development goals in the fishing sector, the
protection and efficient use of natural resources are at the
forefront. In studies such as Creighton (2015) and Cashion
et al. (2017), it has been stated that ensuring environmental
sustainability is fundamental to the long-term economic
success of the sector. In particular, it has been emphasized
that fish stocks are decreasing on a global scale and that
current fishing practices are straining environmental
boundaries. In addition, studies on environmentally friendly
policies implemented in the European Union show that
measures taken at the local level can have global effects
(Bostock et al., 2016).

The fishing sector in Tiirkiye is addressed in terms of
economic variables such as capital investments, labor costs
and energy costs. Capital investments are of critical
importance, especially in terms of the renewal and
modernization of boats, nets and other technical equipment
(Oyakhilomen and Zibah, 2020). Such investments both
increase the production capacity in the sector and strengthen
international competitiveness (Mobsby et al., 2020). At the
same time, optimizing labor costs can positively affect the
total production volume of the sector by increasing the
efficiency of production processes (Creighton et al., 2015).
Energy costs play a decisive role in the economic efficiency
of the sector. Energy inputs such as fuel and electricity are
one of the main cost elements in both fishing and processing
processes (Erkayral and Aksoy, 2022).

In the literature, the balance between energy and capital
investments plays a critical role in ensuring the
sustainability of production processes (Carneiro et al.,
2022). In particular, the development of policies that
increase energy efficiency can offer both environmental and
economic benefits. In addition, supporting small-scale
fisheries and aquaculture practices can promote socio-
economic development in rural areas (Muhamad et al.,
2024). Small-scale fisheries are considered as a social and
economic balancing element in the midst of unbalanced
competition with large-scale industrial fisheries (Pierce et
al., 2012).

Tiirkiye's fisheries sector is also vulnerable to the effects
of climate change. Blanchard et al. (2012) and Cheung et al.
(2009) stated that the effects of climate change on marine
ecosystems had not only biological but also economic and
social consequences. This situation shows that fisheries
policies in coastal countries like Tiirkiye should be re-
evaluated. Innovative policies are required, especially to
reduce energy costs and minimize environmental impacts
(Mobshy et al., 2020).

The main purpose of this study is to examine the
relationships between production and sustainability in the
fisheries sector in Tiirkiye from the perspective of economic
variables. The study aims to understand the effects of basic
economic factors such as capital investments, labor costs

and energy costs on the production processes in the sector
and to evaluate the role of these interactions in the context
of sustainable development. In addition, it aims to present a
holistic analysis of the sector by comparing the dynamics
specific to the fisheries sector in Tirkiye with the
approaches in the global literature.

Material and Methods

The dataset used in this study consists of annual data on
the Turkish fisheries sector for the period 2003-2023. All
data are obtained from sectoral statistics published by the
Turkish Statistical Institute (TurkStat). The research aims to
comprehensively analyze the effects of capital investments,
energy expenditures and labor costs on production by
detailing the main economic variables affecting production
processes in the sector.

Capital investment data includes a broad definition of
fixed capital expenditures in the sector. In this context, both
domestic and foreign investments are considered, and the
purchase of various fishing equipment is analyzed. In
particular, this includes new or old engines, fishing vessels,
nets and technical equipment. These investments are of
great importance for adopting technological innovations in
the fisheries sector and increasing production capacity. The
use of modern equipment contributes to the economic
sustainability of fishing activities by increasing productivity
in the sector.

Energy expenditure data includes the cost of water,
electricity and fuel oil used in the fishing sector. These
expenditures stand out as an important cost item in the
operational processes of fishing vessels. High energy
consumption accounts for a large share of total expenses in
the sector, especially due to the operation of motorized
vessels and the use of cooling systems. Therefore, energy
costs have a significant impact on the efficiency and cost
effectiveness of production processes. Optimization of
energy consumption is a critical requirement for both
economic and environmental sustainability.

In addition to these two key variables, the dataset also
includes labor costs. Labor costs include salaries, social
security payments and other labor expenditures of
employees employed in the sector. The labor-intensive
nature of the fisheries sector causes labor costs to occupy an
important place in the total cost structure. In this context,
the impact of labor costs should be carefully considered in
productivity analyses. This data provided by TurkStat
allows us to provide a detailed analysis of sectoral costs and
provide strategic recommendations for more efficient use of
resources.

In the study, long and short-term relationships were
analyzed using the ARDL (Autoregressive Distributed Lag)
econometric model. This method provides a suitable tool to
examine the effects of economic variables in the fisheries
sector in detail. The model was designed to measure the
causal relationships between economic factors and
production processes and the magnitude of these
relationships. The data set consists of annual data obtained
from reliable national institution, Turkish Statistical
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Institute (TUIK) for the period 2003-2023 and statistical
tests were applied to determine the correlation between the
variables in the analysis.

This dataset provides a comprehensive basis for
assessing the impact of capital and energy use and labor
costs on production in the fisheries sector. Thus, we aim to
contribute to the shaping of policies by providing concrete
data on strategies that can be developed to improve the
economic sustainability of the fisheries sector. The
ARDL model allows both short-run and long-run
relationships to be evaluated within the same model and
provides efficient results even when the stationarity of the
series are different (Pesaran and Shin, 1999). The ARDL
method allows stationary series at 1(0) and 1(1) level to be
analyzed together. Thus, the existence of long-run
relationships between variables can be tested in a more
flexible structure (Pesaran, et al., 2001).

Before constructing the model, unit root tests were
applied to determine the stationarity level of the data. The
unit root tests used in this study are ADF (Augmented
Dickey-Fuller) and Phillips-Perron tests. The ADF test
analyzes whether the series are stationary or not and
provides a result with improved accuracy by adding
additional lag levels according to the autocorrelation
structure of the tested series (Dickey and Fuller, 1979). An
alternative test, the Phillips-Perron test, provides more
robust results than the ADF test, especially in the presence
of structural breaks and serial correlation in the series
(Phillips and Perron, 1988).

After determining the stationarity levels of the series
according to the results of the unit root tests, the long-run
and short-run relationships between the variables are
analyzed with the ARDL model. Bound test method was
used to determine the existence of long-run relationships.
Bound test is an approach that tests whether there is a long-
run relationship between the dependent and independent
variables in the ARDL model and shows the statistical
significance of the model (Pesaran et al., 2001). Once the
long-run relationships are identified, an error correction
model (ECM) is constructed to analyze short-run
interactions. The ECM shows how short-run deviations
between variables are corrected in the long run and is
particularly important in econometric models to analyze the
correction of short-term imbalances (Engle and Granger,
1987).

In order to test the appropriateness of the ARDL model,
various specification tests were performed. Breusch-
Godfrey LM test was applied to examine the presence of
autocorrelation in the model. This test detects whether there
is serial correlation in the model (Breusch, 1978; Godfrey,
1978). The Breusch-Pagan-Godfrey test was used to test for
heteroskedasticity; this test tests the validity of the
assumption of constant variance in the error terms of the
model (Breusch and Pagan, 1979). The Ramsey RESET test
is used to check whether the functional form of the model is
correct (Ramsey, 1969). The normality test examines

whether the error terms are normally distributed; this test is
important for testing the assumptions of the model.

Finally, Cusum and Cusum of Squares plots were
analyzed to assess the reliability of the model. These graphs
allow to visually assess whether the parameters of the model
are stable over time (Brown et al., 1975). If the values in the
plots are within the critical limits, the reliability and
parameter stability of the model are confirmed. These
analyses are an important part of the study to ensure the
stability and reliability of the model's prediction results.

Results

The analysis assesses the impacts of energy costs, labor
costs and capital investments on total fish production
between 2003 and 2023. The results of the data analysis aim
to provide important findings on sectoral efficiency and
cost-effectiveness.

Table 1. Descriptive statistics of variables (production,
capital investment, labor and energy cost)

Variables” N Mean gk
Deviation
Production 21 11.6531 0.33745
Capital Inv. 21 17.4235 0.72443
Labor Cost 21 18.6213 0.58230
Energy Cost 21 18.9934 0.44852

"Since all variables consist of unit data, econometric analysis was
performed by taking the natural logarithm of each variable.

Table 1 summarizes mean and SD of log transformed
descriptive statistics (production, capital investments, labor
costs and energy costs). The production variable has a mean
value of 11.65 £+ 0.337 and indicated that the production
level has a fairly stable structure during the analysis period
and shows low fluctuation. The capital investments variable
reached a mean value of 17.42 units and exhibited a wider
variability compared to the other variables with a standard
deviation of 0.724. This situation indicates that capital
investments followed a more fluctuating course during the
analysis period. The mean of labor costs was determined as
18.62 +0.582 units indicating higher fluctuation in labor
costs compared to the production level. Energy costs have a
mean value of 18.99 units and the standard deviation value
is calculated as 0.449. The low standard deviation value of
energy costs suggests that this variable has a relatively
stable structure during the analysis period. In general, the
statistical properties of these variables, provide an important
basis for understanding the general levels and variability of
the economic variables considered in the study. While lower
fluctuations are observed in production and energy costs in
particular, a wider variation is noted in capital investments
and labor costs. This situation can be evaluated as an
important finding that should be taken into account in
sectoral analyses.
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Table 2. ADF unit root test

1(0) 1(2)

Variables t-stat p-value Variables t-stat p-value
Production -1.677 0.3992 Production -4.298 0.0006
Capital Inv. -2.092 0.6633 Capital Inv. -5.856 0.0002
Labor Cost 0.636 0.9659 Labor Cost -4.199 0.0288
Energy Cost 1.437 0.9225 Energy Cost -1.993 0.0341

Table 3. Philips peron unit root test

1(0) 1(1)

Variables t-stat p-value Variables t-stat p-value
Production -1.778 0.4922 Production -8.238 0.0000
Capital Inv. -0.834 0.8384 Capital Inv. -6.021 0.0001
Labor Cost 1.264 0.9003 Labor Cost -3.217 0.0401
Energy Cost 1.353 0.8920 Energy Cost -2.642 0.0314

ADF (Augmented Dickey-Fuller) and Phillips-Perron
unit root tests were applied to determine the stationarity
levels of the variables used in the study. These tests are
important to determine whether the time series are
stationary and whether it is possible to establish a long-run
relationship between the series. In the unit root tests, the
stationarity of the variables at level (1(0)) and first
difference (I1(1)) were analyzed.

According to the ADF test results shown in Table 2,
none of the variables tested at level are stationary. This
indicates that the variables deviate from the mean over time
and do not return to the long-run equilibrium level.
However, when the first differences of the variables are
taken, it is observed that the variables become stationary.
This result indicates that the variables are in the I(1) process,
that is, they become stationary when first differences are
taken.

The Phillips-Perron test results shown in Table 3 are also
consistent with the ADF test. This test developed by Phillips
and Perron (1988) has a more robust structure against
autocorrelation and heteroscedasticity problems in the
series. According to the results of the Phillips-Perron test,
variables that are non-stationary at the level become
stationary when first differences are taken. This consistency
provides strong evidence that the analyzed series can be
cointegrated.

In general, both tests indicate that the variables become
stationary in their first differences. These results support the
appropriateness of the ARDL model to be used in this study.
This is because ARDL models have the flexibility to
analyze both level stationary (1(0)) and first difference
stationary (I(1)) variables. Therefore, the results of unit root

tests provide an appropriate basis for analyzing long-run
relationships based on the ARDL model.

In this study, ARDL model is used to examine the long-
run effects of economic variables affecting production in the
Turkish fisheries sector. The chosen model structure
analyzes the relationships between the dependent variable
total production and capital investments, labor costs and
energy costs. The advantage of the ARDL model is that it
can take into account short-run dynamics while testing for
the existence of long-run relationships between series.

According to the results (Table 4), the long-run effects
of capital investments, labor costs and energy costs on total
production in the fisheries sector are significant. The
positive long-run coefficient of production indicates that
productivity can be increased through the use of modern
equipment and technologies. This finding emphasizes the
importance of capital investments to ensure sustainable
production in the sector.

However, the fact that capital investments have a
negative coefficient indicates that misallocation of capital
may have a negative impact on production. In capital-
intensive sectors such as the fisheries sector, making
appropriate investments is critical for productivity in the
sector.

The negative impact of labor costs on production shows
the impact of the labor-intensive structure of the sector on
production costs. This finding indicates that labor costs
should be managed effectively in order to reduce costs and
increase profitability in the sector. Similarly, energy costs
have a negative coefficient, indicating the importance of
energy efficiency in operational processes in the fisheries
sector.
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Table 4. General results of ARDL model and long-run relationships (Selected Model: ARDL (2, 2, 0, 2))

Variables Coefficient Probability

Production 0.767851 0.0113**

Capital Inv. -0.38257 0.0162**

Labor Cost -1.21845 0.0298**

Energy Cost -0.50833 0.0064***

R-squared 0.867345 Akaike info criterion -1.498745

Adj. R-sq 0.718456 Schwarz info criterian -1.123657

Log L 19.72346 Hannan — Quinn criter. -1.632358
Durbin-Watson stat 2.2073456

* for 10% significance level, ** for 5% significance level, *** for 1% significance level

The overall performance indicators of the model are
high, and the explanatory power of the model is satisfactory.
These results indicate that capital investments should be
directed correctly, and energy costs should be optimized to
ensure the economic sustainability of the Turkish fisheries
sector. The findings of the study provide a significant
contribution to the literature for developing strategies to
increase efficiency in the sector.

Table 5. Bound test results

Model k m F Signif  1(0)  1(2)
1% 342 484
(2,20,2) 3 18 5.2763* 5%. 245 3.63

10% 201 31

(k): Number of explanatory variables, (m): Maximum number of lags, (*)
indicates 1% significance level

According to the bound test results (Table 5), the F-
statistic value is calculated as 5.2763 and this value exceeds
the boundary values (critical values) at 1% significance

level. The bound test is used to test whether there is a long-
run relationship between the explanatory variables and the
dependent variable in the model. In this test, the F-statistic
is compared with the critical values according to certain
significance levels.

Since the F-statistic value obtained in this study exceeds
both 1(0) and I(1) critical thresholds at 1% significance
level, it indicates the existence of a long-run relationship in
the model. This result indicates that there is a long-run
equilibrium relationship between total production in the
fisheries sector, which is the dependent variable, and capital
investments, labor costs and energy costs.

This finding provides an important clue for developing
sustainable production policies in the fisheries sector in line
with the objective of the study. The existence of a long-run
relationship indicates that variables such as capital
investments, labor costs and energy costs can have lasting
effects on production processes in the sector and the
management of these factors should be taken into account
in long-term strategic planning.

Table 6. Short-run error correction model

Variables Coefficient t-stat Probability
CointEq(-1) -0.2489 5.6378 0.0031
R-squared 0.901569 Akaike info criterion -1.925130
Adj. R-sq 0.821855 Schwarz info criterian -1.793851
Log L 18.72457 Hannan — Quinn criter. -1.96853
Durbin-Watson stat 2.146852

In this study, the short-run error correction model
(ECM) is used to analyze how long-run imbalances are
corrected in the short-run. According to Table 6, the error
correction term (CointEq(-1)), which is an important
component of the ECM, expresses the speed at which the
system returns to long-run equilibrium. The coefficient of
CointEq(-1), which is called the short-run error correction
term, shows how long it takes for the system to return to

long-run equilibrium after short-term shocks in the fisheries
sector. The value of -0.2489 obtained in this study indicates
that the economic imbalances occurring in the short run are
corrected at a certain speed and the system returns to the
long-run equilibrium level. In natural resource-based
sectors such as the fisheries sector, environmental and
economic fluctuations are quite frequent. Therefore, the

27



Production and Sustainability in Tiirkiye's Fisheries Sector: The Role of Economic Variables

sector's ability to quickly adapt to these shocks is critical for
both sustainable production and efficient use of resources.

The fact that the coefficient of CointEq(-1) is significant
and positive indicates that the effects of fluctuations in key
economic variables such as investments, labor and energy
costs in the sector are balanced in a short time. In the
fisheries sector, sudden increases or decreases in inputs
such as capital investments and energy costs can affect
production costs and total output in the short run. However,
a strong error correction mechanism ensures that such
imbalances in the sector are quickly recovered and the long-
run equilibrium level is reached. This reflects the resilience
of the fisheries sector and its capacity to adapt to sustainable
development goals.

The Turkish fisheries sector is highly sensitive to
changes in labor costs due to its labor-intensive structure.
This sensitivity makes the impact of labor costs on
productivity in the sector even more important. For
example, a sudden increase in labor costs may increase
production costs in the short run and negatively affect the
profitability of the sector. However, the positive value of the
coefficient of CointEq(-1) indicates that such cost increases
will not destabilize the sector; on the contrary, the sector can
adapt to these changes and return to its long-term production
targets. This flexibility points to the potential of the fisheries
sector to ensure sustainability in production activities.

Energy costs also stand out as an important cost factor
in the operational processes of the sector. High energy costs
constitute a major cost burden in the sector, especially due
to the operations of fishing vessels and the use of cooling
systems. However, as the CointEq(-1) coefficient shows,
despite the fluctuations in energy costs, the sector has the
ability to adapt in the short term. This adjustment
mechanism supports the sector's productivity growth and
ensures that the negative effects on total output are limited
in the long run. Therefore, the strong error correction
coefficient suggests that the sector has a high capacity to
manage possible shocks in variables such as energy costs
and can maintain sustainability in this process.

In conclusion, the significant and positive value of the
CointEq(-1) coefficient indicates that the Turkish fisheries
sector is resilient to economic and environmental changes
and that sustainable production activities in this sector can
be carried out in line with sustainable development goals.
The fact that the sector has such a flexible structure can be
considered as an important finding for decision makers and
policy makers.

A series of specification tests, which are shown in Table
7, were applied to test the validity and reliability of the
model. These tests are important to assess whether the
model  ensures  autocorrelation,  heteroskedasticity,
normality and the correct functional form.

Table 7. Specification Tests

Tests Probability
Serial Correlation LM test (Breusch—Godfrey) 0.1143
Heteroscedasticity test (Breusch—Pagan—-Godfrey) 0.8344
Jargue—Bera Normality test 0.4416
Ramsey Reset Test 0.7153

First, the Breusch-Godfrey LM Test for Serial
Correlation is applied, and the p-value is 0.1143. This result
indicates that the error terms are not serially correlated and
there is no autocorrelation problem. The absence of
autocorrelation is important in terms of showing that the
estimates of the model are independent, and the assumption
of inter-series relationship is met (Breusch, 1978; Godfrey,
1978).

Breusch-Pagan-Godfrey test was performed as a
heteroskedasticity test and the p-value was found to be
0.8344. This result indicates that the error terms in the
model have a constant variance and there is no
heteroskedasticity problem. The constant variance of the
error terms increases the stability of the model and the
reliability of the forecasts. This is especially important for
the assumption that the variance between observations
obtained in different periods should remain constant.

The Jarque-Bera normality test was applied to check
whether the distribution of error terms in the model is
normal. The p-value of 0.4416 indicates that the error terms

are normally distributed. The normal distribution of the
error terms indicates that the model works in accordance
with its assumptions and increases the validity of the
estimation results. This result indicates that various
distributional properties of the model are also confirmed.

Finally, the Ramsey RESET test is used to assess
whether the model is in the correct functional form. The p-
value of 0.7153 obtained as a result of the test indicates that
the model is constructed in a correct functional form. This
suggests that there are no missing variables or
misspecification in the model and the overall structure of
the model is appropriate for the analysis.

The results of these tests indicate that the estimation
power and validity of the ARDL model used are high. The
absence of autocorrelation and heteroskedasticity in the
model, the normal distribution of the error terms and the
correct functional form suggest that the model is a reliable
tool for analyzing production processes in the Turkish
fisheries sector.
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Figure 1. Cusum and cusum square

In figure 1, CUSUM and CUSUM of squares plots are
used to assess whether the parameters of the model are
stable over time. In these plots, the parameters of the model
are considered to be stable as long as the line remains within
the 5% significance limits.

The first graph, the CUSUM graph, shows the overall
parameter stability of the model. The fact that the blue line
is within the 5% significance limits indicates that the
parameters in the model are stable over time and the long-
run relationships of the variables are preserved in a way that
does not affect the predictive power of the model. This
supports the reliability of the model in terms of estimating
the production processes in the Turkish fisheries sector.

The second graph, the CUSUM of Squares graph,
measures the stability of the parameters based on their
squares. In this graph, the fact that the blue line remains
within the 5% significance limits indicates that the variance
of the error terms of the model is constant over time and
there is no structural break or sudden change. It shows that
the effects of the variables in the model, especially capital
investments, labor costs and energy costs, are consistent and
stable. This implies that the model produces reliable and
valid results.

These analyses show that the predictive performance of
the model examining the effects of economic variables on
production in the Turkish fisheries sector is high and long-
term strategic decisions can be made with confidence based
on this model.

Discussion and Conclusion

This study aims to analyze the effects of capital
investments, labor costs, and energy costs affecting
production processes in the fisheries sector in Tiirkiye and
to provide strategic policy recommendations for sectoral
sustainability. The findings of the study have yielded results
that are consistent with both national and international
literature and have made significant contributions to
existing literature.

The findings have shown that capital investments have
a significant impact on production in the sector. However,
the negative coefficient of capital investments reveals that
if the investments are directed incorrectly, they may lead to
productivity losses. This result is consistent with the studies
conducted by Creighton et al. (2015) and Oyakhilomen and
Zibah (2020). Creighton et al. (2015) stated that effective
management of capital investments can increase
productivity in the fisheries sector. Oyakhilomen and Zibah
(2020) emphasize that misdirected investments cause
resource waste and long-term production losses. In the
context of Tiirkiye, directing capital investments to the right
areas and increasing access to modern technology are of
critical importance in terms of ensuring sectoral
sustainability. In particular, the use of innovative equipment
and environmentally friendly technologies can be
encouraged to ensure both economic and environmental
sustainability.

The negative impact of labor costs on production shows
that the labor-intensive structure in the sector increases total
costs and negatively affects productivity. This finding is
consistent with the studies conducted by Jacobsen et al.
(2016) and Muhamad et al. (2024). While Jacobsen et al.
(2016) emphasized the competitiveness-enhancing effects
of optimizing labor costs, Muhamad et al. (2024) stated that
labor management is a critical element for sustainable
production in small-scale enterprises. In the context of
Tiirkiye, encouraging training programs and certification
systems for employees to increase labor productivity can
optimize labor costs and increase productivity. In addition,
focusing on the use of more automation and technology in
the sector to balance labor costs can support sustainable
development in the sector by controlling costs.

The negative impact of energy costs on production
shows that high energy consumption in the sector increases
costs and reduces profitability. This finding is consistent
with the studies conducted by Mobshy et al. (2020) and
Cochrane (2001) are in line with the studies conducted by
Mobsby et al. (2020) while emphasizing the positive effects
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of optimizing energy costs on cost efficiency, Cochrane
(2001) detailed the role of energy efficiency increasing
policies on sustainability in the fisheries sector. The use of
renewable energy sources should be encouraged to increase
energy efficiency in the Turkish fisheries sector. In
particular, environmentally friendly energy solutions such
as solar and wind energy can both reduce costs and
minimize environmental impacts. This policy can be
considered as a model applicable not only for Tiirkiye but
also for other developing countries with high energy costs.

The policy recommendations include concrete steps for
the efficient management of economic variables in the
sector. First, effective management of capital investments
should be ensured, and public-private sector cooperation
should be encouraged to increase access to innovative
technologies.  This can accelerate  technological
transformation in the sector and increase efficiency.
Secondly, training and certification programs that will
increase the competencies of employees in the sector should
be expanded in order to control labor costs. Such programs
will support sectoral competitiveness by increasing the
productivity of the workforce. Thirdly, incentive programs
should be developed to increase energy efficiency and to
spread the use of sectoral renewable energy. Cost reductions
can be achieved in production processes by providing
access to low-cost energy solutions for small-scale
enterprises.

The results of the study are consistent with the existing
findings in the literature, and they offer important
contributions specific to the fishing sector, especially in the
context of developing countries. The results obtained
provide strategic clues that can be valid not only in the
fishing sector in Tiirkiye but also in other countries with
similar economic and environmental conditions. For
example, supporting small-scale enterprises and using
renewable energy resources can also provide a model that
can be applied in other natural resource-based sectors. In
this context, the results of the study are an important
reference for policy makers at both national and
international levels.
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Keywords: Abstract: In the present study, otolith shape indices and some otolith morphometric characteristics in the

left and right sagittal otoliths were identified and compared for Boops boops in the Aegean Sea and the
Sagittal otolith Marmara Sea. Otoliths of Boops boops from 244 individuals in the North of Aegean Sea and 188
Otolith shape indices individuals from the Southwest of Marmara Sea were analyzed during the 2024 fishing season. The total
Stock discrimination length-otolith dimensions relationships were evaluated, the best fit was obtained between total length and
Canakkale Strait otolith perimeter in the Marmara Sea and Aegean Sea, while the least fit was obtained among total length
Otolith dimensions and otolith area of right otoliths, total length and otolith length of left otoliths in the Aegean Sea and

Marmara Sea. Some similarities of Boops boops stocks were found with shape indices and otolith
morphometry between the Aegean Sea and Marmara Sea. The otolith area and circularity of the left
otolith, roundness and rectangularity of the right otolith, form factor of left and right otolith were
significantly different (p<0.05). Principle Component Analysis may explain these differences as arising
from variations in the roundness, otolith area and otolith width. Also, Canonical Discriminant Analysis
demonstrated significant discrimination of otoliths between the Aegean Sea and the Marmara Sea
(p<0.05), and 56.6% of the originally grouped cases were correctly classified. Based on the results of this
study, two stocks of Boops boops in the North of Aegean Sea and the Southwest of Marmara Sea might be
different. Howewer, more detailed studies are required the determine whether this species constitues the
same stock in these areas.

Anahtar kelimeler:
Ege Denizi ve Marmara Denizi'ndeki Kupez’in Boops boops (Linnaeus, 1758)

Sagittal otolith Otolit Sekil Analizi ve Otolit Morfometrisi

Otolit sekil indeksi

Stok ayrimi

Cane}kkale Bogazi Oz: Bu galismada, Ege Denizi ve Marmara Denizi'nde Boops boops'un otolit sekil indeksleri ile bazi otolit
Otolit boyutlari morfometrisi 6zellikleri sag ve sol sagittal otolitlerinde tanimlanmis ve karsilastirilmistir. 2024 balik¢ilik

sezonunda Ege Denizi’nin kuzeyinden 244 birey ile Marmara Denizi’nin giineybatisindan 188 bireyin
otolitleri analiz edilmistir. Toplam boy-otolit boyutlar iliskileri degerlendirildiginde, Marmara Denizi ve
Ege Denizi'nde toplam boy ile otolit gevresi arasinda en iyi uyum saglanirken, Marmara Denizi ve Ege
Denizi'nde toplam boy ile sag otolitlerin otolit alani ile toplam boy ile sol otolitlerin otolit boyu arasinda en
diisiik uyum saglanmustir. Boops boops stoklar1 arasinda Ege Denizi ve Marmara Denizi’nde otolit sekil
indeksleri ve otolit morfometrisi agisindan bazi benzerlikler bulunmustur. Sol otolitin alani ve daireselligi,
sag otolitin yuvarlaklig1 ve dikdortgenselligi, sol ve sag otolitin form faktorii agisindan anlamli farkliliklar
gostermistir (p<0,05). Temel Bilesen Analizi, bu denizlerdeki farkliliklarin yuvarlaklik, otolit alan1 ve otolit
genisliginden kaynaklandigini agiklayabilir. Ayrica, Kanonik Ayirim Analizi, Ege Denizi ile Marmara
Denizi arasinda otolitlerin anlamli sekilde ayirt edilebildigini (p<0,05) ve gruplandirilan 6rneklerin
%56,6'sinin dogru sekilde smiflandirildigini ortaya koymustur. Bu c¢alismanin sonuglarina goére, Ege
Denizi’nin kuzeyindeki ve Marmara Denizi’nin giineybatisindaki iki Boops boops stogunun farkl
olabilecegi diisiiniilmektedir. Fakat bu tiiriin, bu denizlerde ayn1 stok olup olmadiginin incelenmesini igeren
daha ayrmtili galigmalar gerekmektedir.
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Introduction

Otoliths are calcareous structures located in the inner
ear cavity of teleost fish. They are a function of balance,
movement, and sound detection (Popper and Lu, 2000).
Teleost fishes have three pairs of otoliths: lapillus, sagitta
and asteriscus (Schultz-Mirbach and Reichenbacher,
2006). Among these, sagittal otoliths are used widely in
biological studies because of their large size, relative ease
of access and their variation in otolith shape and size in
different groups of fishes (Tuset et al., 2003a). The otolith
shape is often linked to the ecological, taxonomical
phylogenetic and functional characteristics of fish species
(Vignon and Morat, 2010; Tuset et al., 2016; Van Damme
et al., 2024). Also, the morphometry and shape of otoliths
can vary in different populations of the same species.
Consequently, otoliths can be used in stock discrimination
(Popper et al., 2005). The otolith shape analysis accounts
for stock-specific differences in the morphometric outline
of otoliths, and is a common otolith-based stock
discrimination and identification method in fisheries
science (Campana and Casselman, 1993; Schade et al.,
2019).

The Canakkale Strait, with a length of 62 km, connects
the Marmara Sea and the Aegean Sea. These adjacent seas
are in constant interaction through the Canakkale Strait, as
surface currents carry water from the Marmara Sea to the
Aegean Sea, and bottom currents carry water from the
Aegean Sea to the Marmara Sea (Ozturk, 2021).Many
species of fish living in this region are known to migrate
in and out of the Aegean Sea and the Marmara Sea.
However, only limited studies have been conducted on the
otoliths of species until today. In previous studies, otolith
shape analysis of Pomatomus saltatrix (Bal et al., 2021),
Engraulis encrasicolus (Durrani et al., 2022), Pagellus
acarne (Yedier et al., 2023a) were investigated in the
Marmara Sea and the Aegean Sea. Therefore, there is a

need to investigate the differences in stock structures of
fish species living in different areas of constant interaction.

Bogue Boops boops (Linneaus, 1758) from the
Sparidae family, is widely found in the Mediterranean Sea
and adjacent seas. This species lives in the bottom and
middle waters of coastal areas with muddy, rocky, sandy
bottom structures or seagrass areas (Bauchot and Hureau,
1986). Yields from capture fishing reached a mean of 2317
tonnes in Tiirkiye seas between 2019- 2023, with 2244
tonnes coming from the Aegean Sea and 73 tonnes from
the Marmara Sea (TUIK, 2024). The otolith shape analysis
and morphometry of bogue have never been analyzed in
the Turkish Seas. Only two studies were conducted of
B.boops stock discrimination by elliptical Fourier analysis
in Algerian and Tunisian coasts (Ider et al., 2017; Ben
Labidi et al., 2020). The aims of the present study were to
analyse the otolith shape and identify some otolith
morphometric characteristics of B.boops sampled in the
North of Aegean Sea and Southwest of Marmara Sea,
Turkiye.

Material and Methods

B.boops samples were obtained using purse seine from
January to April 2024 and September to December 2024,
and using gillnets from May to August 2024. A minimum
of five individuals were sampled from each month. The
total length of these individuals were measured (nearest
0.01 mm) and the total weight was recorded using a
precision scale (nearest 0.01 g). Sagittal otolith extractions
of 244 B.boops individuals from the North of Aegean Sea
and from 188 B.boops individuals from the Southwest of
Marmara Sea were performed (Figure 1). These sagittal
otolith pairs were cleaned, dried and stored in eppendorf
tubes.
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Figure 1. Sampling areas of Boops boops in the Marmara Sea and Aegean Sea
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Otolith measurements were then performed to
determine otolith morphometries of B.boops. The length
(OL), width (OW), radius (OR), perimeter (OP), area (OA)
and weight (W) of the right and left otoliths of each
individual were measured to the nearest £0.0001 mm from
the undamaged otolith using a stereomicroscope and Q-

Anterior

Posterior

Capture digital imaging program (Figure 2). Otolith pairs
were weighted with an accuracy of +0.0001 g
sensitiveness. The Independent Samples T-test was used to
compare right and left otoliths measurements between
Aegean Sea and Marmara Sea.

Right
otolith

Otolith width

Figure 2. The left and right sagittal otolith measurements of proximal surface for B.boops

The relationships between different otolith dimensions
were determined using linear regression analysis (Scherrer,
1984). Also, total length-otolith dimensions relationships
and coefficient (R?) were determined with this analysis.
Linear regression analysis estimated by using the equation:

y = bx + a (where a is the intercept and b is the slope of
the linear regression)

The otolith shape indices were analyzed for B.boops
individuals using the data obtained from the measured
otolith dimensions. The otolith shape indices were
calculated separately for both left and right otoliths in the
Aegean Sea and Marmara Sea. The otolith shape indices
used include (Tuset et al., 2003b; Ponton, 2006):

Aspect ratio (AR) = OL/OW
Elipticity (E) = (OL-OW)/(OL+OW)
Form factor (FF) = (4nxOxA)/OP?
Roundness (RD) = (4xOA)/(nOL?)
Circularity (C) = OP?/OA
Rectangularity (R) = OA/(OLxOW)

Independent sample T-test was used to compare the
right and left otolith shape indices between Aegean Sea
and Marmara Sea. Principal component analysis (PCA)
was applied to show similarities/differences in otolith
shapes and morphometry between Marmara Sea and
Aegean Sea. Canonical Discriminant Analysis (CDA) was
also used to determine the differences between the two
stocks. The performance of the discriminant analyses was
assessed using Wilk’s lambda (L) test. All analyzes were
performed using the PAST (Ver. 4.04) (Hammer et al.,
2001) and SPSS 25 (IBM Corp 2017) software.

Results

The mean total length and weight of B.boops
individuals were 177.6£0.29 mm and 75.97+£5.22 g from
the Marmara Sea, while they were 179.8+0.72 mm and
63.5 g from the Aegean Sea, respectively. While no
significant difference was found for total length (p>0.05),
a significant difference was found for weight between the
Aegean Sea and Marmara Sea (p<0.05). The sampling
details are given in Table 1.
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Table 1. Total length and weight distribution of B.boops (N:Number of individual; SE:Standard error; Min:Minimum;
Max:Maximum:; p:Significant differences)

Measurements N Area Mean SE Min Max p
188 Marmara Sea  177.6 0.29 108 291
Total length (mm) 0.525
244 Aegean Sea 179.8 0.72 106 286
) 188 Marmara Sea  75.97 5.22 13.08 399.88
Total weight (g) 0.03
244 Aegean Sea 63.5 5.31 8.1 236.86

Table 2. The otolith morphometric charateristics of B.boops from left and right otoliths (Se:Standard error; Min:Minimum;
Max:Maximum; p:Significant differences)

Otolith morphometrics Side Area Mean Se Min Max p
Right Marmara Sea  5.8533  0.0647 4.2530  8.2630
i
. ‘ Aegean Sea 6.0711 0.0501 3.6910 7.7130  0.322
Otolith length (mm)
Left Marmara Sea  5.8589  0.0648  4.2410  8.3800
e
Aegean Sea 6.0709 0.0501 3.6690 7.9450 0.274
Right Marmara Sea  3.4149  0.0246 2.6780 4.9410
i
g Aegean Sea 3.5107 0.0227 21850 4.4220 0.600
Otolith width (mm)
Left Marmara Sea  3.4423  0.0280 2.7210  5.0430
e
Aegean Sea 3.5548 0.0245 22960 4.4710 0.606
Riht Marmara Sea  2.3140 0.0284 1.6250 3.6020
i
] ) g Aegean Sea 24336 0.0214 13940 3.4600 0.067
Otolith radius (mm)
Left Marmara Sea  2.3713  0.0257  1.6440  3.3780
e
Aegean Sea 24993 0.0213 1.4020 3.4700 0.449
Right Marmara Sea  15.6499 0.1834  10.0780 22.8260
i
. . g Aegean Sea 16.2786 0.1317 9.7780 21.2880 0.172
Otolith perimeter (mm)
Left Marmara Sea 155934 0.1821  11.3420 23.4850
e
Aegean Sea 16.2309 0.1315 9.7670 22.5520 0.166
Riht Marmara Sea  13.6265 0.2637 8.0340  27.5860
i
] g Aegean Sea 143378 0.1950 5.6660  22.9200 0.051
Otolith area (mm?)
Left Marmara Sea  13.5679 0.2709  7.9500  28.3590
e
Aegean Sea 14.4117 0.2020 5.9100 22.6140 0.039
Righ Marmara Sea  0.0194  0.0006 0.0098  0.0552
ight
) ) Aegean Sea 0.0217 0.0004 0.0064 0.0436  0.392
Otolith weight (g)
Left Marmara Sea  0.0192  0.0006 0.0099  0.0551
e

Aegean Sea 0.0217 0.0004 0.0062  0.0442 0.447
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Otolith morphometric measurements of B.boops in the
Marmara Sea and Aegean Sea were presented separately
for right and left otoliths in Table 2. The otolith
morphometry for right and left otoliths were not
significantly (p>0.05) different among Marmara Sea and
Aegean Sea stocks of B.boops, except for the left otolith
area (p<0.05).

Plots of relationships between total length and right
and left otolith dimensions of B.boops were presented in
Aegean Sea and Marmara Sea in Figure 3. R? values were

Aegean Sea
TL:0.05820R+5.8067;R*:0.73
5 | TL:0.0940W-2.5525;R*0.86
TL:0.02430P+1.704;R*:0.87
TL:0.00990A+1.736;R*:0.54
TL:0.00880L+0.860;R*:0.6
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generally higher in the right otoliths than in the left otoliths
in the both seas. When the total length-otolith dimensions
relationships were evaluated, the best fit was obtained
between TL-OP in the Marmara Sea (R%:0.90) and TL-OP
in the Aegean Sea (R2:0.87), whereas the least fit was
obtained among TL-OA of right otoliths (R?:0.54) and TL-
OL of left otoliths (R%0.70) in the Aegean Sea, TL-OA of
right otoliths (R%0.67) and TL-OL of left otoliths
(R?:0.70) in the Marmara Sea.

Marmara Sea
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Figure 3. Total length-otolith dimensions relationships for left and right otoliths in B.boops in Aegean Sea and Marmara

Sea

The otolith dimension relationships of B.boops in the
Marmara Sea and Aegean Sea were presented separately
for right and left otoliths in Table 3. R? values were
generally higher in the left otoliths than in the right otoliths
in the both seas. R? values of otolith dimensions with
otolith radios relation were generally lower in both sides of
otoliths and seas. When the otoliths dimension relations
were evaluated, the best fit was obtained among OA-W of
right otoliths (R%:0.92) and OL-OA of left otoliths
(R?:0.93) in the Marmara Sea, and OL-OA of right otoliths
(R?:0.94) and left otoliths (R%0.92) in the Aegean Sea. The
least fit was obtained among OR-OP and OW-OR of right
otoliths (R?:0.67), OR-OP of left otoliths (R%0.65) in the
Marmara Sea, OR-OP of right (R%0.50) and left (R%0.57)
otoliths in the Aegean Sea.

The otolith shape indices values are given in Table 4.
Statistically significant differences were determined in the

FF value of both side otoliths, RD and R values of right
otoliths, C value of left otoliths (p<0.05) between the right
and left otoliths of individuals among the Marmara Sea
and Aegean Sea stocks.

Principal component analysis (PCA) explained 65.87
and 75.4% of the model of right and left otoliths,
respectively. The left sagittal otoliths were preferred for
analysis. The some otolith shape indices and dimensions
explained as different between Aegean Sea and Marmara
Sea. The PCA performed on RD of otolith shape indice
and OA and OW of otolith dimensions were the most
effective variables for stock discrimination of B.boops
(Figure 4). The CDA analysis performed on the RD, OA,
and OW demonstrated significant discrimination of
otoliths between Aegean Sea and Marmara Sea (Wilks’
lambda:0.979, df:1, p:0.003) and 56.6% of the originally
grouped cases were correctly classified.
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Table 3. Otolith dimension relations with coefficient determination (R?) for B.boops in the Marmara Sea and Aegean Sea
(OL:Otolith length; OW:Otolith width; OR:Otolith radius; OP:Otolith perimeter; OA:Otolith area; W:Otolith
weight)

Marmara Sea Aegean Sea

Relations

Right otolith

Left otolith

Right otolith

Left otolith

OL-OW;R?
OL-OR;R?
OL-OP;R?
OL-OA;R?
OL-W;R?
OW-OR;R?
OW-0P;R?
OW-0OA;R?
OW-W;R?
OR-0OP;R?
OR-OA;R?
OR-W;R?
OP-OA;R?
OP-W;R?
OA-W;R?

y:0.3397x+1.4266;0.72
y:0.3789x+0.096;0.74
y:2.6876x-0.0816;0.90
y:3.8963x-9.1796;0.91
y:0.0084x-0.0299;0.90
y:0.8952x-07432;0.67
y:5.9548x-4.685;0.71
y:9.0545x-17294;0.80
y:0.019x-0.0454,0.74
y:5.2669x+3.4626;0.67
y:7.8856x-4.6205;0.72
y:0.0176x-0.0213;0.76
y:0.6361x+6.9821;0.84
y:0.0028x-0.0251;0.83
y:0.0021x-0.009;0.92

y:0.3927x+1.1412;0.82
y:0.3495x+0.3236;0.77
y:2.698x-0.214;0.92
y:4.0709x-10.283;0.95
y:0.0082x-0.0289;0.89
y:0.7981x-0.3761;0.76
y:5.6887x-3.9887;0.77
y:9.1506x-17.931;0.90
y:0.0184x-0.044,0.83
y:5.7244x+2.0192;0.65
y:9.1418x-8.11;0.75
y:0.0186x-0.0248;0.72
y:0.6416x+6.8887;0.91
y:0.0029x-0.0252;0.84
y:0.002x-0.0082;0.93

y:0.3908x+1.138;0.75

y:0.3341x+0.4052;0.62
y:2.4728x+1.2663;0.89
y:3.7693x-8.5457;0.94
y:0.0076x-0.0246;0.81
y:0.7052x-0.0422;0.56
y:5.1019x-1.6327;0.78
y:7.9058x-13.417;0.84
y:0.0158x-0.034,0.71

y:4.3409x+5.7146;0.50
y:7.2251x-3.2451;0.62
y:0.016x-0.0172;0.64

y:0.6342x+7.1855;0.89
y:0.0027x-0.0222;0.69
y:0.0076x-0.0246;0.81

y:0.4315x+0.9353;0.77
y:0.3703x+0.2514;0.75
y:2.5071x+1.0107;0.91
y:3.8702x-9.084;0.92

y:0.0076x-0.0241;0.80
y:0.7162x-0.0466;0.68
y:4.7311x-0.5876;0.78
y:7.5231x-12.332;0.84
y:0.0147x-0.0306;0.73
y:5.0364x+3.6435;0.57
y:7.9762x-5.5233;0.71
y:0.0165x-0.0196;0.70
y:0.6197x+7.2994;0.90
y:0.0027x-0.0227;0.73
y:0.0019x-0.0054;0.81

Table 4. Comparison of descriptive statistics and otolith shape indices for left and right otoliths of B.boops in the Marmara

Sea and Aegean Sea (SE:Standard error; Min:Minimum; Max:Maximum; Sig:Significant differences)

Otolith shape indices Side Area Mean SE Min Max Sig
. Marmara Sea 1.7100 0.01 1.3794 2.1787

Aspect ratio (AR) Right = pegeansea 17271 00073 1503 20057 066
Left Marmara Sea 1.6976 0.0081 1.3864 2.0781 0.967

Aegean Sea 1.7064 0.0067 1.4402 2.0454 '
Right Marmara Sea 0.6954 0.0069 0.1594 0.3708 0.113

Ellipticity (E) Aegean Sea 0.2654 0.0019 0.201 0.3539 '
Left Marmara Sea 0.2574 0.0022 0.1619 0.3503 0.372

Aegean Sea 0.2599 0.0018 0.1804 0.3433 '
Right Marmara Sea 0.6954 0.0069 0.511 1.286 0.019

Form factor (FF) Aegean Sea 0.6791 0.0038 0.4932 0.807 '
Left Marmara Sea 0.698 0.0057 0.4952 1.1025 0.001

Aegean Sea 0.6826 0.0033 0.5225 0.8223 '
Right Marmara Sea 0.504 0.0035 0.4013 0.7558 0.018

Roundness (RD) Aegean Sea 0.493 0.033 0.3973 0.5857 '
Left Marmara Sea 0.4992 0.0026 0.4022 0.6024 0.807

Aegean Sea 0.495 0.0022 0.3431 0.5969 '
Right Marmara Sea 18.2527 0.1621 7.8484 24,1044 0.059

Circularity (C) Aegean Sea 18.6941  0.0964 15.1949 22.6632 '
Left Marmara Sea 18.1709  0.1333 11.3924  25.3642 0.003

Aegean Sea 18.5056 0.0906 15.2744  24.0367 '
Right Marmara Sea 0.6731 0.0035 0.5703 0.9503 0.000

. Aegean Sea 0.6659 0.0016 0.5704 0.751 '
Rectangularity (R) L MamaaSea 06627 0002 05591 07508 .

€ Aegean Sea 0.661 0.0021 0.4442 0.7648 ‘
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Figure 4. Principal component analysis (PCA) plot showing similarities/differences in otolith shapes and dimensions for
the left otoliths for B.boops in the Aegean Sea and Marmara Sea.

Discussion

The present study is the first to identify and compare
the shape indices of the otoliths and morphometry of
B.boops between the Aegean Sea and Marmara Sea. This
study found some similarities in B.boops stocks of the
Aegean Sea and Marmara Sea . The otolith area and
circularity of the left otolith, roundness and rectangularity
of the right otolith, form factor of the left and right otolith
in otolith shape indices and morphometry were
significantly different (p<0.05) between B.boops stocks in
the Aegean Sea and Marmara Sea . Also, the PCA analysis
from the left otolith for otolith shape indices and
morphometry varriables may explain differences in
roundness, otolith area and otolith width of B.boops
stocks. Also, CDA analysis performed on the RD, OA, and
OW demonstrated significant discrimination. However,
different methods such as genetic analysis, analysis of
biological markers, stable isotope analysis and otolith
microchemistry should be used in stock discrimination
(Schade et al., 2019; Morales-Nin et al., 2022; Yedier et
al., 2023b). Besides otolith shape indices, also elliptic
fourier and wavelet analyses are used to compare otolith
shape. So, these analyses are also needed to verify whether
B.boops belong to the same stock in the Marmara Sea and
the Aegean Sea.

Yedier et al. (2023a) reported that Pagellus acarne
stocks were different according to otolith morphometrics,
shape and ecomorphological indices from the Aegean Sea
and the Marmara Sea. Durrani et al. (2022) revealed that
the body and otolith shapes of Engraulis encrasicolus were
separated between the Aegean Sea and the Marmara Sea.
In these areas, the different populations of Pomatomus
saltatrix were successfully demonstrated with the
morphometrics, meristics, and otolith shape analyses (Bal
et al.,, 2021). Saygili et al. (2016) showed that Spicara
maena stocks from the Northern Aegean Sea and the
Marmara Sea might be different baed on the otolith shape.
Also, B.boops stocks sampled from three Algerian

locations, and also two Tunisian stations shown that stocks
may be different based on the otolith shape analysis (Ider
et al., 2017; Ben Labidi et al., 2020). Our findings
suggested that, B.boops stocks from the Aegean Sea and
the Marmara Sea might be different based on comparisons
of shape indices and some morphometric characteristics of
otoliths.

The Marmara Sea and the Aegean Sea, connected by
the Canakkale Strait, are in constant interaction with each
other (Ozturk, 2021). The environmental and ecological
factors are different in these areas. Vignon et al. (2008)
and Vignon and Morat (2010) emphasized that
environmental and ecological factors may have an effect
on the otolith shape and morphology. Also, otolith
morphology is affected by a complex combination of
physiological (sexual maturity, growth, etc.) factors
(Vignon and Morat, 2010; Mille et al., 2015). In the
present study, in order to account for differences in fish
size a large number and various sizes of B.boops
individuals were sampled monthly to minimize errors. The
effects of above mentioned factors should be investigated
to discriminate stocks inhabiting the Marmara Sea and the
Aegean Sea.

The otolith shape indices AR, E, FF, RD, C and R for
B.boops were calculated as 0.682, 0.472, 1.812, 18.455,
0.672, 0.289, respectively, by Cicek et al. (2021) in the
Iskenderun Bay, Northeastern Mediterranean Sea.
Although their study was in a different area, the calculated
otolith shape indices were similar to those reported in this
study.

The relationship between fish length and otolith length
of 179 specimens of B.boops was estimated as
OL=0.233TL+0.971 in the Algerian coast, Southwestern
Mediterranean Sea (lder et al. 2017). Ider et al. (2017)
reported that a significant linear relationship (R%:0.823)
existed between fish length and otolith length. In this
study, the parameters “a” and “b” in the equation with 244
and 188 individuals for this species were estimated as

38



Otolith Shape Analysis and Otolith Morphometry of Bogue Boops boops (Linnaeus, 1758) in the Aegean Sea and the Marmara Sea

0.0243, 1.704 and 0.021, 2.105 for the right otoliths in the
Aegean Sea and the Marmara Sea,. The a and b values
reported by Ider et al. (2017) were different than those in
the present study. The R? value of left and right otoliths by
their study were mostly lower than in the study. The best
fit R? value was obtained among TL and OL (R%:0.945).
These differences may be related to changing
environmental conditions, sampling sizes and sampling
area. Although the sampling locations were different
between the Aegean Sea and the Marmara Sea, the TL-OL
relationship was found to be mostly similar in this study.
When, the dimensions of the otoliths were compared, R?
values were generally higher in the left otoliths than in the
right otoliths in the both seas.

The current results of this study suggested that B.boops
stocks in the North of Aegean Sea and the Southwest of
Marmara Sea may be different based on the right and left
otolith shape indices and otolith dimensions. . This is the
first study evaluating differences of otolith shape indices
and otolith dimensions to discriminate B.boops stocks in
the Aegean Sea and Marmara Sea. The present study found
significant differences in OA of otolith dimension and FF,
RD, C and R of shape indices. So, these parameters can be
used as alternative and effective parameters to discriminate
B.boops stocks from the Aegean Sea and the Marmara Sea.
However, more detailed studies involving environmental,
physicochemical, ecological parameters and genetic traits
will be required to better understand the origin of these
variations between B.boops stocks. In conclusion, this
study suggests that B. boops stocks in the Marmara Sea
and the Aegean Sea should be strategically assessed and
managed separately to their sustainable use in the future.
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Abstract: Difenoconazole, a fungicide often used in agriculture, is harmful to aquatic organisms.
However, its toxicity to aquatic organisms is not yet well recognized. Among the triazole fungicides,
Difenoconazole (PEN) is one of the most extensively used in many countries. In this study, the genetic
impacts of different Difenoconazole doses on Daphnia magna was investigated. Experiments involving
the control group and treatments were executed in compliance with the standard methodology outlined
by the Economic Cooperation and Development Organization (OECD) standards 202 and 212 (OECD,
2012, 2009). In the present study, Daphnia magna were exposed to a control group (0 mg/L) and three
different doses of (1.00, 1.5, 2.5 mg/L) difenoconazole for a period of 10 days. At the end of the
experiment, comet assay was used to determine the damage frequency (%), Arbitrary unit (%), and
Genetic damage index (%) of tissues. The 2.5 mg L™ group showed notably greater damage frequencies
(45.33£1.52) on Daphnia magna (p<0.001). Our findings indicated a considerable increase in DNA
strand breakage in Daphnia magna after exposure to difenoconazole, indicating that the fungicide is
genotoxic to daphnids.

Akut Difenokonazol’iin Daphnia magna iizerindeki Genotoksik Etkileri

Oz: Difenokonazol, tarimda stkca kullanilan bir fungisit olup; sucul canlilar igin zararli olabilmektedir.
Difenokonazol’un sucul canlilarda olan toksisitesi heniiz iyi bilinmemektedir. Triazol mantar ilaglar
arasinda, Difenokonazol (PEN) birgok iilkede en yaygin kullanilan fungusitlerden biridir. Bu ¢alismada,
Daphnia magna tizerinde farkli dozlarda Difenokonazoliin genotoksik etkisi arastirildi. Ayrica Kontrol
Grubu ve diger doz grublariyla yapilan ¢alisma, Ekonomik Isbirligi ve Kalkinma Orgiitii (OECD)
standartlar1 202 ve 212 (OECD, 2012, 2009) tarafindan belirlenen standart metodolojiye uygun olarak
gergeklestirildi. Caligmada, Daphnia magna 10 giin boyunca kontrol grubu (0 mg/L) ve {i¢ farkli dozda
Difenokonazole (1.00, 1.5, 2.5 mg/L) maruz birakildi. Deneyin sonunda, dokularin Hasar Frekansi (%),
Avrbitrary Birim (%), ve Genetik Hasar indeksi (%) belirlemek igin Comet testi kullanildi. Doz
gruplarindan 2.5 mg L grubu, Daphnia magna iizerinde en yiiksek hasar frekansmna sahip
oldugu(45.33+1.52) (p<0.001) tespit edildi. Elde ettigimiz bulgularm Difenokonazol’'un maruziyeti
sonrasinda Daphnia magna'da DNA hasar diizeylerinde 6nemli bir artig oldugunu gostermesine bagh
olarak kullanilan bu fungisitin daphnidler i¢in genotoksik olabilecegini isaret etmistir.

Introduction

Pesticides are used worldwide to control and eradicate
pests, including microorganisms, fungus, flora, slugs,
vermin, rodents, and parasites. They are categorized based
on the kind of organism they affect and can be acquired in
many configurations, including liquids, granules,
compounds, polymer parts, coated pelleted capsules, as
well as encapsulated forms. Nonetheless, the increasing
use of pesticides to increase agricultural production is
raising concerns over environmental contamination and
adverse impacts on non-target organisms (Wang et al.,
2022). Pesticides can move from their target area to other
parts of the environment, such as water, air, and soil via

*Corresponding author: aergenler@gmail.com

various transfer processes, such as volatilization and
discharge. Numerous studies have examined the impact of
pesticides on aquatic ecosystems owing to their ability to
enter the aquatic environment through diverse
mechanisms. Certain pesticides may induce oxidative
stress, which is closely associated with the growth and
development of aquatic organisms. Absorption of
pesticides may result in musculoskeletal malformations,
vertebral curvature, aberrant growth in fish eggs, and DNA
damage (Li et al., 2018; Turan and Ergenler, 2022; 2023;
Ergenler and Turan, 2023).
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Triazole fungicides are a primary category of pesticides
often used for diverse fruits, vegetables, and cereal items.
Their elevated characteristics, including chemical and
photochemical stability, limited biodegradability, and ease
of environmental mobility render them persistent in soil
and water. Consequently, concerns about the toxicity of
triazole insecticides to aquatic organisms are becoming
increasingly prominent in the context of natural
ecosystems and human health risk assessment. The
compound difenoconazole (cis-trans-3-chloro-4-(4-methyl-
2-(1H-1,2,4-triazol-yl methyl)-1,3-dioxolan-2-yl) phenyl
4-chlorophenyl ether) is a representative fungicide with a
modified triazole moiety that interacts with the heme
component of fungus cytochrome P450 (cyp) 51. (Figure
1).

Figure 1. Structure of difenoconazole (Gao et al., 2021).

Difenoconazole impedes the action of fungal
lanosterol-14a-demethylase and  obstructs ergosterol
production, thereby hindering chitin formation in the
fungal cell wall and causing cytoplasmic leakage. It has
both preventive and therapeutic properties and is
extensively used to manage diseases induced by various
pathogenic fungus in diverse plant species. For many
years, Difenoconazole has been the main pesticide used in
China to fight fungal diseases in rice crops. Wang, 2012).
This has increased the risk of difenoconazole
contaminating the aquatic environment. Many studies have
been published on the occurrence of difenoconazole in
aquatic systems (Teng et al., 2013;Mu et al., 2013; 2015;
2016; Wang et al., 2022; Jiang et al.,2020). Daphnia
magna (Ton et al., 2012), and trout (Knudsen et al., 2011),
have been used in the toxicity evaluation of environmental
contaminants. Aquaculture models, characterized by quick
life cycles, have proven valuable across other disciplines
such as ecotoxicology, cell biology, and developmental
genetics (Strahle et al.,, 2011; Ankley and Villeneuve,
2006).

Daphnia is recognized as a pivotal species in the food
webs of several freshwater ecosystems, serving as a crucial
foundation for sustainable and progressive
ecotoxicological research. Daphnia are widely utilized in
research owing to their cyclical parthenogenetic life cycle,
which encompasses the previously mentioned model
criteria and diapause phases. The uncomplicated growing
of identical cells facilitates research focused on separating

the impacts of environmental and genetic elements.
Daphnia magna is often used as a model organism for
evaluating contaminants in aquatic environments due to its
tolerance to a diverse array of substances (Turan and
Ergenler, 2022; Tekin et al., 2024). Identifying the most
sensitive period in the life stages of an organism is
important in protecting the species from external toxic
substances. This study aims to determine the most
vulnerable life stages of aquatic organisms by conducting
multiple toxicity tests at different stages. Systematic multi-
stage assays have been used to determine species'
sensitivity to toxic chemicals. However, the mechanisms
behind different sensitivities at different life stages are still
poorly understood. In the present study, the comet test was
used to determine if difenoconazole promotes genotoxicity
in the model organism Daphnia magna, highlighting the
importance of understanding the ecological impact of
chemicals.

Material and Methods

The Genotoxicology Laboratory at the Faculty of
Marine Science and Technology, University of Iskenderun
Technical, Turkey, housed and cared for Daphnia magna.
The Daphnids were placed in 3-L glass beakers with 2 L of
tap water that was aerated and had a 16:8 (light:dark)
photoperiod. The results of four different groups
(including an observation group and a pair of test groups)
were subjected to a toxicity test. Each concentration of
difenoconazole was tested using three duplicate samples,
and twenty daphnias were used per container, following
the Organisation for Economic Co-operation and
Development (OECD) Test Guideline 202. The specimens
were maintained at a temperature of 20 + 1 °C, with a
dissolved oxygen content of 6.4 + 0.5 mg/L. The pH value
was controlled within the range of 8.2 + 0.2. Three
different fungisite concentrations at 1.0, 1.5, 2.5 mg/L
based on levels found in aquatic settings along with a
control treatment at 0.0 mg/L were used. Overall, a group
of twenty newborns, <1 day-old when were placed in glass
containers with a volume of 100 mL each. Solutions of
three different difenoconazole levels were then prepared
and tranferred to glass containers containing daphnia.

A 10-day experiment was conducted as described by
Cavalcante et al. (2008), using gill cell suspension,
retained cell pellets, and single-cell gel electrophoresis.
The slides were analyzed using a fluorescence microscope
and stained with ethidium bromide and neutral Tris
solution. 100 cells from each specimen were examined to
assess nuclei, categorizing them into five types. Damage
percentage, arbitrary values, and DNA damage rating were
computed for evaluation. Data were assessed for regularity
and homogeneity, and a unidirectional analysis of variance
was conducted to identify notable disparities across
treatment groups. Observed changes were considered
statistically noteworthy at a significance level of P<0.05
(Norusis, 1993).
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Results and Discussion

The mean as well as the standard deviations of the
DNA damage frequency (%), arbitrary units values (AU),

and genetic damage index (%) observed in Daphnia
magna for the groups treated with 1.0; 1.5; 2.5 mg/L of
Difenconazole compared to the untreated control group are
presented in Table 1.

Table 1. The mean and standard deviations for DNA damage in control and different concentrations of difenoconazole on

the Daphnia magna.

Groups (mg/L) Damage Frequency (%) Arbitrary Unit (AU) Genetic Damage Index (DI) (%)
Control 24.33+2.082 62.00+£5.292 0.62+0.052
1.0 36.33+4.72° 86.66+13.79° 0.86+0.13°
1.5 41.00+1.00 100.66+4.04 " 1.00+0.04 "
2.5 45.33+1.52¢ 107.33+£3.21°¢ 1.07+0.03 ¢
) S I N

The data are shown as arithmetic mean + standard deviation. *Values with different superscripts in each column indicate significant differences. Indicate
significance level between DNA damage D.magna obtained from control and three different concentrations of Difenoconazole (*, P<0.001).

The data are shown as arithmetic mean + standard
deviation. *Values with different superscripts in each
column indicate significant differences. Indicate
significance level between DNA damage D.magna
obtained from control and three different concentrations of
Difenoconazole (*, P<0.001).

The lowest damage frequencies was obtained in the
control (0O mg/L) group with 24.33% and there was
significant change observed in the DNA damage
parameters (p<0.001). The highest damage frequencies
was obtained in the 2.5 mg/L treatment with 45.33+1.52%.
In comparison to the control and the other pencanozole
groups, the frequency of DNA damage and other damage
metrics (AU and GDI) were greater in the 2.5 mg/L
treatment (Table 1).

Difenoconazole, a fungicide wused to enhance
agricultural productivity, has become a significant
pollutant in aquatic ecosystems due to excessive

application and resistance to degredation (Na et al., 2024).
According to Mu et al. (2016), who determined that
difenoconazole exposure can cause developmental toxicity
in fish, also found that difenoconazole was toxic at
concentrations 0.15-5.00 mg/L. They observed body
deformities in zebrafish and suggested that the exposed
dose harmed the organism which is in accordance to our
findings. Similarly, Jiang et al., (2020) suggested that
difenoconazole exposure at 0.400, 1.00, 2.00 mg/L caused
toxic effects in zebrafish. In zebrafish, exposure to
difenoconazole increased the percentage of perinuclear
oocytes, spermatogenesis germ cells, spermatogonia, and
cortical alveolus oocytes, and decreased the ratio of early
and late vitellogenic oocytes, spermatocytes, late
spermatogenesis germ cells, spermatids, and spermatozoa.
Additionally, Wang et al. (2022), who determined the
degree of heart damage in carp (Cyprinus carpio) exposed
to low doses (0.488 mg/L) and high doses (1.953 mg/L) of
difenoconazole for four days showed that although the
heart damage indicators CK and LDH were not

significantly different in fish exposed to low
difenoconazole level, a significant toxic effect and
cardiotoxicity was observed when difenoconazole level
reached 1.953 mg/L. As a result, the use of high doses of
difenoconazole can cause harmful effects in aquatic
organisms and lead to damage in living beings. The
findings of the present study is in accordance to earlier
studies. Given the literature on the genotoxic potential of
difenconazole, further studies are necessary to elucidate
the long-term ecological and human health impacts of
difenoconazole exposure. This research highlights the need
of ongoing surveillance and regulatory evaluation of
pesticides to safeguard environmental and public health.
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Abstract: The present study investigates the occurrence and biometry of the invasive seaweed
Caulerpa mexicana in the Gulf of Izmir, Aegean Sea, thereby highlighting its ecological implications in
a region increasingly affected by biological invasions. The Mediterranean basin, especially the eastern
and Aegean parts, is becoming a hotspot for non-native species, and the region may be a place of
interest with the occurrence of the C. mexicana species. This research represents the first detailed
assessment of its biometric characteristics in the Levant-Aegean Basin. The study's sampling was
conducted from May to August 2024 at 321 stations along the Aegean coast, and C. mexicana was
identified at only two specific sites. The species was found in shallow coastal waters at depths of 10 m
and 15 m with densities of 630 shoots/m?> and 469 shoots/m?, respectively. Morphometric analysis
revealed frond lengths ranging from 10 to 12.5 centimeters and widths from 7 to 9 millimeters, with a
significant correlation between frond length and number of pinnae. Environmental parameters such as
temperature, salinity, and dissolved oxygen were measured, providing a context for the species' habitat
preferences. The findings underscore the invasive potential of C. mexicana and its capacity to perturb
local marine ecosystems, highlighting the necessity for persistent monitoring and management
strategies to mitigate its deleterious effects.

Ege Denizi'ndeki Istilact Deniz Yosunu Caulerpa mexicana Hakkinda
Kapsamh Biyometrik Caliyma

Oz: Mevcut galisma, Izmir Korfezi, Ege Denizi'ndeki istilact deniz yosunu Caulerpa mexicana'min
bulunmasini ve biyometrisini arastirarak, biyolojik istilalardan giderek daha fazla etkilenen bir
bolgedeki ekolojik etkilerini vurgulamaktadir. Akdeniz havzasi, 6zellikle dogu ve Ege kesimleri, yerli
olmayan tiirler igin bir sicak nokta haline gelmektedir ve C. mexicana tiirtiniin gériilmesi ile bolge
dikkat cekebilir. Bu arastirma, Ege-Levant Havzasi'ndaki biyometrik o6zelliklerinin ilk ayrintili
degerlendirmesini temsil etmektedir. Calismanin 6rneklemesi Mayis-Agustos 2024 arasinda Ege kiyisi
boyunca 321 istasyonda yuriitiilmiis ve C. mexicana yalnizca iki belirli noktada tanimlanmugtir. Tiir,
sirastyla 630 siirgiin/m? ve 469 siirglin/m? yogunlukta, 10 m ve 15 m derinlikteki s1§ kiyr sularinda
bulunmustur. Morfometrik analiz, yaprak uzunluklarinin 10 ila 12,5 santimetre ve genisliklerinin 7 ila 9
milimetre arasinda degistigini ve yaprak uzunlugu ile pinnae sayisi arasinda 6nemli bir korelasyon
oldugunu ortaya koydu. Sicaklik, tuzluluk ve ¢oziinmiis oksijen gibi ¢evresel parametreler 6lciilerek
tiirlin habitat tercihleri i¢in bir iligki saglandi. Bulgular, C. mexicana tiiriiniin istilac1 potansiyelini ve
yerel deniz ekosistemlerini bozma kapasitesini vurgulayarak, zararli etkilerini azaltmak igin siirekli
izleme ve yonetim stratejilerinin gerekliligini belirtmistir.

Introduction

The Mediterranean basin, particularly the eastern basin endangered species in natural plant and animal
and seas such as the Levant and Aegean, has become a communities, with repercussions for seagrass on
significant nexus for the introduction and subsequent submerged algal communities (Ceccherelli and Cinelli
invasion of exotic species. These biological invasions 1998). Fish, benthic fauna, and macrophytes have been
present a substantial threat to the conservation of introduced intentionally and accidentally in the Eastern
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Mediterranean. The majority of these invaders are Indo-
Pacific species and temperate and tropical species.
Invasive organisms alter the established Mediterranean
ecosystem in space and time. The dynamics of abundance
and biomass of invaders, such as seaweeds, provide
insights into their interaction with variations in their life
history between isolated and mixed populations (Schemske
et al., 1994). Clonal vegetative growth is prevalent, leading
to the formation of dense aggregations, foraging, and
movement to adjacent suitable areas, followed by rapid
spread and low mortality (Wright, 2005).

A total of 98 species of marine algae have been
introduced into the Mediterranean Sea, of which nine
species were invasive and had ecological and economic
impacts (Siguan & Ribera, 2002). These nine species
include Caulerpa taxifolia, Caulerpa  racemosa,
Sargassum muticum, Laminaria japonica, Asparagopsis
armata, Undaria pinnatifida, Womersleyella setacea,
Acrothamnion preissii, and Lophocladia lallemandii. More
recently, the species Caulerpa cylindracea and
Rugulopteryx okamurae have also been introduced. It is
noteworthy that the number of species has increased by
fifty fold over the past two decades. In the western
Mediterranean, sixty-seven species were identified as non-
indigenous, with their geographical origins being Japanese
or Pacific waters (Siguan & Ribera, 2002). Additionally,
twenty-nine non-indigenous species of Indo-Pacific origin
were documented in the eastern basin (Siguan & Ribera,
2002). Zenetos & Galanidi (2020) updated the list of non-
indigenous seagrass species in the Mediterranean, and
Cinar et al. (2021) revised the phytobenthos in the Turkish
waters of the eastern Mediterranean. Of the 253 alien
species that Cinar et al. (2021) found in Turkish Aegean
waters, 28 were Phytobenthos. In the Turkish marine water
system, 47 invasive non-indigenous macrophyte species
were reported: they are mainly Caulerpa cylindracea
Sonder, 1845, Caulerpa taxifolia var. distichophylla
(Sonder) Verlaque, Huisman & Procaccini, 2013, Codium
fragile fragile Suringar Hariot, 1889, Stypopodium
schimperi (Kiitzing) Verlaque & Boudouresque, 1991 and
Halophila stipulacea (Forsskél) Ascherson, 1867 (Cinar et
al. 2025).

Caulerpa species constitute a taxonomic group of
significant seaweeds, exhibiting properties such as a
siphonous thallus with multinucleate cells, serving as food
sources for marine organisms, and demonstrating high
invasion and expansion capacity in space (Paul and Fenical
1987; Ceccherelli et al. 2002). Furthermore, these species
possess a remarkable capacity for tolerating diverse
temperatures and light conditions (Uchimura et al. 2000;
Ljiljana et al. 2006), which enables their presence in
various marine environments, each of which is adapted to
its specific characteristics. These characteristics include
vegetative propagules, fragmentation, and running
reproduction, as well as phenotypic plasticity derived from
the different environments (Ceccherelli and Cinelli 19993,
b, c; Ceccherelli and Piazzi 2001; Wright 2005). The
distribution of their densities and traits in space and time
provides information on the persistence of organisms,

especially for a species that responds rapidly to changing
environmental parameters such as seawater surface
temperature and surface photon flux density in the visible
spectrum (Tuya et al. 2006).

A reevaluation of the global distribution of Caulerpa
mexicana Sonder ex Kiitzing 1849 is necessary due to its
erroneous placement within the synonymy of Caulerpa
taxifolia. This species is widespread in warmer marine
environments, especially in the western Atlantic, where it
was first described from Mexico, the Caribbean, and
Brazil. In contrast, in the eastern Atlantic, it has been
documented in the Canary Islands and Mauritania, as well
as in the Red Sea and the Indian Ocean, extending as far as
Australia and the western Pacific, including regions such
as Vietnam, the Philippines, Papua New Guinea, and
various Pacific islands such as Fiji (Verlaque et al. 2015;
Fernandez-Garcia et al. 2016) and Canary Islands and
Porto Santo in the Atlantic Ocean (Pereira 2024). Notably,
there have been reports of its presence in the
Mediterranean, particularly in Syria, and reports from
Sicily have been attributed to misidentifications of C.
taxifolia (Rayss 1941). According to Rayss (1941), C.
mexicana may be native to the Mediterranean. Its initial
identification in the Mediterranean occurred in 1939,
specifically in Palestine and Lebanon, where it was
initially classified as C. crassifolia (Rayss 1941).
Subsequent reports of the species include a 1976 finding
by Mayhoub in Syria (Bitar et al. 2003) and, in 1991, a
single specimen discovered in Lebanon (Bitar 1999, 2010).
However, Bitar (2017) reports the disappearance of this
specimen.

The following characteristics distinguish congeneric
species of Caulerpa: the genus exhibits clonal propagation
through fragmentation and frequently displays invasive
tendencies when introduced outside its native range,
particularly in competition with seagrasses (Varela-
Alvarez et al. 2012). A distinctive anatomical
characteristic of Caulerpales is the absence of internal cell
membranes, which results in the nuclei being separated
within the continuous cytoplasm. These algae are further
distinguished by the presence of numerous internal
trabeculae, which are branching ingrowths of the cell wall.
Noteworthy is the observation that individuals of C.
taxifolia have been found to reach lengths of up to 2.8 m,
making it the largest known single cell of its kind (Varela-
Alvarez et al. 2012). C. mexicana, a species of green algae
in the genus Caulerpa, exhibits the following
characteristics: it possesses a branched horizontal axis
(stolon) that can reach up to 1 m in length, affixed by
numerous short rhizoidal outgrowths (columns). Its
photosynthetic axes (fronds) manifest a flattened,
pinnately branched morphology evocative of feathers, with
heights reaching up to 15 centimeters and widths ranging
from 10 to 15 millimeters. The narrow midrib, which is
less than the length of the ramules, is observed to be
flattened in its cross-section. The branches (ramuli) are
distichous, flattened, clavate-shaped and membranous,
with slightly or no constriction at the base, upward
curvature, and tapering, pointed tips. They are coenocytic
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throughout, but with slender cylindrical and branched wall
projections (trabeculae) that cross the Ilumen. The
chloroplasts lack pyrenoids, and the presence of
amyloplasts is notable. Notably, the species is
distinguished by its holocarpic reproduction, a
characteristic that has been documented (Fagerberg et al.
2010, 2012; Guiry and Guiry 2024; Verlaque et al. 2015).

According to the published literatures, in the eastern
Mediterranean basin and Turkish seas C. taxifolia var.
distichophylla is a common species of non-indigenous
species (Jongma et al., 2013; Mutlu et al., 2022a; Taskin et
al., 2023; Mutlu et al., 2025; Verlaque et al 2015) among
Caulerpa genus species, expanding the western
Mediterranean Sea, followed by C. taxifolia (Cevik et al.,
2007). C. mexicana was reported in the Iskenderun bay,
eastern Mediterranean Sea (Erdugan et al., 2009; Verlaque
et al 2015), but the species could not be conspicuous. The
present study was the first attempt to outline the biometric
dynamics of C. mexicana with an emphasis on comparison
with biometrics of other two species found in a survey
conducted in the Aegean Sea.

Material and Methods
Specimens-environment sampling

A research cruise was conducted to investigate the
distribution and species composition of seagrasses and
seaweeds as submerged vegetation along the Turkish coast
of the Aegean Sea from May to August of 2024 (Fig. 1).
During the study, a total of 321 stations were surveyed
during daylight hours, and two stations were found to
contain specimens of C. mexicana in July 2024. These
stations were situated in the Gulf of Izmir, within the
Aegean Sea of Turkey (Fig. 1). At both stations, a small
number of specimens were collected by SCUBA divers,
who identified them within a quadrat measuring 0.4 x 0.4
m. The first station (11) was sampled at approximately
3:00 p.m., and the second station (12) was sampled at
approximately 5:00 p.m.

Aboard the R/V "Akdeniz Su," the fronds, stolons, and
rhizoids were meticulously disentangled for biometric
measurements (Fig. 2). The measurements were obtained
from fresh, unpreserved specimens, which were
subsequently preserved in a 10%-formalin solution due to
the survey's duration of 3.5 months. This constraint
precluded the possibility of conducting a genetic analysis.

During the shipboard sampling process,
physicochemical parameters (temperature, salinity, pH,
oxygen, and total suspended solids) and optical parameters
(Sechhi disk depth and photosynthetic active radiation)

were measured from surface and near-bottom waters.
Water samples were collected on board using a 5-liter
Niskin bottle, and the physicochemical parameters were
measured using multiparameter probes (AZ Combo, model
84051). Photosynthetically active radiation (PAR) was
measured using an ampoule (Spherical SPQA-4671 model,
Li-Cor Inc.) and a multiparameter recorder (LI-1400
model). The ampoule was poured from the surface to the
near-bottom depth, and the profiled PAR values were then
converted to percent values with the sea surface value as
100% over the water depth.

Biometrical measurements

The biometry of the specimens was characterized by
the density (number of shoots/m2 and per quadrant; TS,
number of fronds: buds; BNo) on a frond branched from
the stolon and the number of paired rachis or pinnae per
rachis and 1 cm of rachis. The morphometry of the
specimens was characterized by rachis length; rachis 1:
RL1 and rachis 2: RL2, frond length: FL, and frond width:
FW) of the specimens (Fig. 2). The morphometric
parameters were measured with an accuracy of pm using a
capillary balance.

After a significant subsampling of the clusters of
specimens, a total of 25 and 38 shoots branched from the
stolon and 68 and 114 fronds were measured at 11 and 12,
respectively, since a shoot contained fronds in numerous
more than one frond. The number of pinnae per frond was
determined by meticulously enumerating a total of 19 and
17 fronds at 11 and 12, respectively. The number of buds
per frond was subsequently enumerated and measured to
ascertain the biometric parameters.

Statistical interpretation of the biometry

In order to ascertain the biometric characteristics of the
species, the frond length-width and frond length-number of
pinnae relationships were determined using the Pearson
correlation and regression model. Differences in frond
length-number of pinnae relationships among bottom
depths were tested using ANOCOVA. Furthermore, the
normality of each biometric variable dataset was assessed
using the dispersion index, randomness test, and FAO
(1991) criteria, and the distribution of these variables was
then tested for significance using ANOVA. The
confidence level chosen for the significance of the tests
was p<0.05. Furthermore, the number of shoots per
quadrant (c.a. 0.16 m? at station 11 and 12) was calculated
as shoots/m?. All analyses were performed using the
statistical tools of MatLab (vers. 20221a, Mathworks Inc.).
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Figure 1. Study area (a, b) and sampling stations (b) and stations where C. mexicana occurred (+, c). Previous
Mediterranean records of C. mexicana (brown line from Verlaque et al 2015) (a), and sampling stations colored
with the latitudes during the present study (b). Red arrow denotes the fist occurrence of Spl: C. taxifolia in the

Aegean Sea (Turan et al.,

2011), dark green Sp2: C. taxifolia var. distichophylla (Mutlu et al.,

2025) and blue

Sp3: C. taxifolia found during the present survey (Appendix Fig. Al, A3).

Results
Study environment

The hydrograph of the entire study area was described
by (Mutlu et al., 2025) as follows: A total of 321 sampling
stations were surveyed, and two of these stations provided
evidence for the presence of C. mexicana specimens (Fig.
2). The stations were located in coastal waters around Urla
province in the Gulf of Izmir (station 11 at 10 m and
station 12 at 15 m, Table 1). The area is frequently visited
by recreational boats and tourists. Notably, the Gulf of
Izmir is home to one of Turkey's largest seaports, Alsancak
Harbor, which serves as a gateway for international
maritime traffic.

The sea surface temperature ranged from 20.5 to
28.5°C, while the temperature of the near-bottom waters
exhibited a range of 18 to 28°C (Fig. 2). The Gulf of Izmir
was found to have the highest temperatures of the two

layers. The salinity levels exhibited a range from 30.5 to
38 parts per thousand (PSU) at the sea surface and from 33
to 37.5 PSU in the near-bottom waters (Fig. 2). The pH
values demonstrated a comparable range at both stations,
both at the sea surface and in the near-bottom waters (Fig.
2). The salinity levels exhibited a decreasing gradient from
south to north within the study area, a trend that was more
pronounced in the near-bottom waters. Conversely, oxygen
content and pH exhibited a slight increase from south to
north within the study area, contrasting with the variation
in total suspended solids (Fig. 2). The Gulf of Izmir was
characterized by the highest pH value, the lowest oxygen
levels, and moderate total suspended matter values in the
near-bottom waters. The Black Sea and the Sea of
Marmara experienced cold water in the Dardanelles Strait
exit within the Aegean Sea, while the northern part of the
Aegean Sea was marked by warmer water. The influence
of the river Meri¢ resulted in less saline water in this
specific region.
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Figure 2. Sea surface water and near-bottom water T-S diagram with isoline of density, o at the stations colored with
geographical latitudes (see Fig. 1b for the station locations).

In contrast to the sea surface water, the TS diagram
revealed that stations 11 and 12 exhibited distinct
characteristics compared to the other nearby stations in the
Gulf of Izmir and the study area. These two stations were
characterized by lower salinity and higher temperatures
compared to the other stations (Fig. 2, Table 1). Water
temperatures were measured as warm, ranging from
approximately 26°C at the sea surface to near bottom

waters at both stations (Fig. 2). However, a notable
disparity in salinity was observed between the two
stations, with 12 exhibiting a lower salt content compared
to 11 (Fig. 2). Furthermore, the dissolved oxygen levels
varied significantly, with 11 recording a maximum of 8.5
mg/L in the near-bottom water and a minimum of 10 mg/L
in the surface water (Fig. 2, Table 1).

Table 1. Physicochemical properties of the sea surface and near-bottom waters at station 11 and 12.

Sta. WD T (°C) S (ppt) Ph TSM (mg/l) DO (mg/l) C (ms) SD (m) BD (m)
11 SS 26.6 34.4 8.23 254 10 50.7 9 10
NB 26.3 34.7 8.31 25.6 8.5 51.1
12 SS 26.6 32.1 8.34 23.9 9.2 47.2 135 15
NB 26.6 33.9 8.39 25.1 8.8 50.1

The Secchi disk recorded a reading of 9 meters at 11
and 13.5 meters at 12. Due to the discrepancy in the hourly
sampling times between the 11 and 12 stations, the PAR
values were measured in units of pmol photons/cm?/s (Fig.
3a). However, the percentage of light reaching the near-
bottom waters was estimated to be approximately 99.9%
of the surface PAR (Fig. 3b).

Plant traits

The following materials were examined: unpreserved
specimens; one stolon for each station of I1 and 12; 25
shoots at 11, 38 shoots at 12 for rachis length

measurements; 68 fronds at 11 and 114 fronds at 12 for
measurements of frond length and width; and 19 fronds. at
11 and 17 fronds at 12 for the enumeration of pinnae on the
fronds, collected at location of 38.395003 N and
26.759612 E (11), and 38.412348 N and 26.746 E (12). The
samples were collected from depths of 10 and 15 meters
by SCUBA diving on July 9, 2024, by Yasar Ozvarol and
Baris Akcali at locations designated as Il and 12,
respectively. The specimens were identified by Erhan
Mutlu and Barig Akcali.
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Figure 3. PAR profile in mol photon/cm?/s (a) and percent based on sea surface PAR (b) along the water depth from the
surface to bottom at 10 and 15 m.

Figure 4. C. mexicana: appearance of entire specimens (a and b) and close-up view of fronds (c and d). F: frond, St: stolon,
Rh: rhizoid, FL: frond length, FW: frond width, P: pinnae, R1: rachis 1, and R2: rachis 2
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Description

C. mexicana is characterized by its erect fronds, which
are distinguished by their flattened branches. These fronds
emerge from a creeping stolon, a specialized root-like
structure, that is attached to the substrate by rhizoidal
branches, which are specialized structures that facilitate
nutrient uptake. The branchlets of C. mexicana are
typically grassy green in color and are arranged in
opposition along the midrib of the frond. This midrib is
flat, and the branchlets are positioned in a manner that
appears to be overlapping and pointing upward,
contributing to the frond's distinctive feathery appearance.
The length of frond 1 varied from 0.3 millimeters to 8.3
millimeters, with a maximum frond length ranging from
10 to 12.5 centimeters and a width ranging from 7 to 9
millimeters. The number of branchlets exhibited a range
from 10 to 28 and from 120 to 194, with an average of 12
to 15 to 20 to 27 branchlets per 1 cm frond length (Fig. 4).

Remarks

C. mexicana exhibited structural similarities to C.
taxifolia, yet C. taxifolia was distinguished by branchlets
with constricted bases and a compressed midrib (Loos et
al., 2023).

This species possesses a substantial, branched
horizontal axis (stolon) that can attain lengths of up to 1 m,
anchored by a multitude of short rhizoidal outgrowths
(columns).Fronds: The photosynthetic axes (fronds) are
characterized by a flattened structure, with lengths
reaching up to 15 centimeters (6 inches) and widths
ranging from 10 to 15 millimeters (0.4 to 1.5 inches).
These fronds exhibit a pinnate branching pattern, akin to
feathers, and possess a narrow midrib that is flattened in its
cross-section. Branchlets (ramuli): The branchlets are
distichous (arranged in two rows), flattened, and
membranous in nature. The samples were found to be
slightly or not constricted at the base and were observed to
be curved upward, tapering to pointed tips.

The slope of the relationship between frond length and
number of pinnae was estimated to be higher (2.15) than 2
for C. taxifolia var. distichophylla and more or less (0.91-
1.19) than 1 for C. taxifolia (Mutlu et al., 2025) (Fig. A2).

Distribution

In addition to previous records in the easternmost
Mediterranean, C. mexicana has been found in two
different locations in the shallow and coastal waters of the
Aegean Sea (Gulf of Izmir, Turkey). The species is
primarily found in subtidal marine environments and has
been observed to thrive in the following habitats: Depth
range: It is typically found at depths ranging from 0.5 to 33
meters. Substrate: This species demonstrates a marked
preference for rocky substrates and sandy bottoms, where

it can anchor itself with its rhizoids. Its ecological role is to
form lush underwater communities that provide shelter and
grazing for various marine organisms, making it an
important component of its ecosystem.

Biometrics

The presence of C. mexicana specimens at each station
was evidenced by their location in wispy bundles of rachis,
exhibiting a reticular stolon organization attached to the
bottom substrates (Fig. 4). This occurrence was analogous
to that of the species found at the bottom, contrasting with
the highly elongated stolons characteristic of C. taxifolia.
The biometric parameters of the species were identified as
density and morphometric variables to characterize the
recent measurements made from the living specimens that
occurre for the first time in the Aegean Sea.

Density

Following the conversion of the number of shoots
(fronds) to abundance, it was determined that the shallow
station exhibited a higher abundance (630 shoots/m? at 10
m bottom depth) in comparison to the deep station (469
shoots/m? at 15 m bottom depth). Among the density
variables, the number of shoots per sample (TS) and the
leaf area index (frond length*width in cm? per square
sampling area) exhibited a significant relationship with
bottom depth, contrasting with the number of pinnae per 1
cm frond length (BNo) at p < 0.05 (Fig. 5). Analogous to
abundance, the number of shoots per sample demonstrated
a higher value in the shallower water (Fig. 5).

Conversely, the leaf area index (frond length*frond
width in cm per square sampling area) exhibited a
contrasting relationship with the number of shoots,
suggesting that the LAl was elevated at greater depths

(Fig. 5).

The mean BNo remained at approximately 2.57 and
2.82 pinnae/cm frond length (Fig. 5). No statistically
significant differences in BNo were observed between the
two sampling depths. The number of pinnae exhibited
variability, ranging from 28 to 194, with an average of 18
+ 3 pinnae/cm FL at 10 m and 10 to 130, with an average
of 16 + 2 pinnae/cm FL at 15 m (Table 2).

Morphometry

The characterization of species morphometry was
conducted by measuring rachis length (R1 in millimeters)
and frond length (R2 in millimeters), frond width (in
centimeters), and unilateral leaf area (in square
centimeters), independent of surface area per sampling unit
(Fig. 6). A statistically significant difference was observed
among all morphometric variables between the two
sampling depths of 10 and 15 meters at a p < 0.05
significance level.

52



Comprehensive Biometric Study on the Invasive Seaweed, Caulerpa mexicana, in the Aegean Sea

1000 joe0 15 0.3f 0.4820
_0
95 " 0.29} Lar
p=3.49710°
90 0.28f
85 0.27f
80 0.26f 0.390
75:0 L
75 ‘ v 0.25 e
10 15 10 15
257023
‘ "1 BNo/m
: p=0.4191 —
4 |
2 —
. 282+0.19
0

10 Depth (m) 15

Figure 5. Notch plots of density variables of C. mexicana at the sampling depths. TS: number of shoots per sampler, LAI:
single-sided leaf area index (cm?/m?), and BNo: number of pinnae per 1 cm frond length. The bold p value
denotes a significant difference in the variable between two bottom depths, and the average value = SD at each
bottom depth.

Table 2. Minimum, maximum, mean and standard deviation values of density variables of C. mexicana at the sampling
depths. TS: number of shoots per sampler, LAL: single-sided leaf area index (cm%m?), and BNo: number of pinnae
per 1 cm frond length.

10 m (12) 15 m (11)
FL NP BNo FL NP BNo
Min 17 28 15 0.5 10 12
Max 124 194 27 7.9 130 20
Mean 5 90 18 4 70 16
SD 3 48 3 2 42 2

Rachis 1 length exhibited a range from 0.3 mm to 8.3 The frond length at 10 m was 3.7 mm greater than that at
mm, with an average of 3.5 mm at 10 m and 1.9 mm at 15 15 m (Table 3, Fig. 6). Similarly, the mean frond width
m. Frond length demonstrated a range from 3.6 to 91 mm was narrower at 10 m than at 15 m (Table 3, Fig. 6).
at 10 m and from 3.9 to 81.6 mm at 15 m, respectively.

Table 3. Minimum, maximum, mean and standard deviation values of morphometric variables of C. mexicana at the
sampling depths. RL: Rachis 1 length in mm, FL: frond length in mm, and FW: frond width in mm.

10 m (12) 15 m (11)
R1 FL FW R1 FL FW
Min 1 3.6 1.8 0.3 3.9 3
Max 7.4 91 7 8.3 81.6 9
Mean 35 31.1 4.37 1.9 34.8 5.76
SD 21.3 19.6 7.32 22.3 20.2 10.16
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Figure 6. Notch plots of morphometrical variables of C. mexicana at the sampling depths. RL: Rachis 1 length in mm, FL.:
frond length in mm, FW: frond width in mm, and LA: leaf area in m?. Bold p value denotes significant difference
in the variable between two bottom depths, and average value &= SD at each bottom depth.
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Figure 7. Relationships between frond length (FL) and frond width (FW) at 10 and 15 m depth (a) and between frond
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showed the relationship of the fronds without buds, square with buds, and circle with a new measurement data
set with and without buds after irregular relationship obtained at 15 m.
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Biometrical relationship

The relationship between frond length and frond width,
as well as frond length and number of pinnae, is
demonstrated in Figure 7.

The FL-FW relationship proved to be significant for
specimens found at 10 m, yet it was non-significant at 15
m. At 15 m, the relationship was plotted separately for
either the main frond or buds, and the main frond exhibited
a decreasing trend in the number of pinnae with frond
length. However, buds demonstrated a bifurcated, non-
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significant linear relationship between frond length and
number of pinnae. Given the irregular relationship between
FL and #P at the 15-m depth, the re-established
relationship with repeated measurements of the variables
exhibited a similar insignificant logarithmic regression line
as the previous fitting lines (Fig. 7).

The FL-#P relationship was evaluated significantly for
samples taken at both 10 m and 15 m (Fig. 7). A
subsequent analysis revealed no statistically significant
variation in the FL-#P relationship between the 10-m and
15-m bottom depths (p = 0.0648).

Figure 8. Schematized frond budding (see Fig. 5 for real appearance of budding reticulated with branches) of C. mexicana

found at 10 m (a) and 15 m (b).

Budding

The stolons of this species manifested in a reticulated
form with budding (see Fig. 4). A total of 26 shoots were
examined at the 10 m, and 40 shoots at the 15 m to assess
the budding patterns of C. mexicana specimens.
Regardless of the reticulated stolons, the number of buds
and buds of buds appeared to be more pronounced at the
15-meter compared to the 10-meter (Fig. 8). Furthermore,
the branching of the buds was found to be more forked at
15 m. The maximum number of buds of buds observed
varied between 3 buds found at 10 m and 8 buds found at
15 m (Fig. 8). Additionally, 38% of the fronds were found
to be bifurcated at 10 m, while it was more doubled at 15
m, with 60% of the fronds examined showing this
characteristic

Discussion

Intra/inter-biometric relationships have the potential to
assist taxonomists in identifying species at the lower
taxonomic level. Depending on the differing growth
conditions in various environments, such as the water mass
characteristics depicted in the T-S diagram, these
relationships can be distinguished by the specific water
mass. Consequently, variations in these relationships were
observed across different depths of the Izmir Gulf, the
study area, which exhibited oligotrophic-eutrophic
characteristics in its various sectors. Throughout the year,
the near-bottom and sea surface water salinity maintained
a consistent value of approximately 39 PSU, with the
exception of a decline to 33 PSU in February, where sea
surface salinity registered at around 19 PSU. This
observation indicates that sea surface salinity exhibited a
decrease in February when compared to other months.
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Additionally, the water temperature fluctuated seasonally,
ranging from a minimum of 15 °C in February to a
maximum of 27 °C in July. The maximum recorded
temperature in the near-bottom water was 23 °C, while the
sea surface temperature ranged from 14-15 °C in February
to a peak of 27 °C in July, subsequently dropping to 18 °C
in November. A study by Mutlu (2021) and Mutlu and
Akgalt (2022) revealed that the temperature of the sea
surface and bottom waters were equivalent in November.

In relation to the nutrients necessary for the rapid
growth of C. mexicana, the levels of surface dissolved
inorganic nitrogen fluctuated between 0.5 and 0.7 pM,
maintaining a consistent level of 0.5 uM in July and
November (extreme 10 uM), and ranging from 0 to 0.5 uM
(8 uM) in February. The levels of PO4 in the outer gulf
remained consistent throughout the year, ranging from 0 to
0.1 uM. However, in the inner and middle gulf, PO4 levels
increased to 2 uM in April, reaching a maximum of 3 pM
in the inner gulf in July and November, and in the inner
and middle gulf in February 2010 (Yelekei et al. 2021).
Furthermore, the 15-meter depth zone served as an
intermediate zone for the adaptation of seagrasses to
shallower and greater depths, exhibiting high variability in
biometric measurements. This suggests that there were
irreqular and insignificant relationships between frond
length and width measured at the 15-meter depth. In this
transition  zone, the fundamental environmental
requirements (temperature, photoperiod, and light
intensity, among others) exert a pivotal influence on
biometric disparities and variations, as well as on the
presence or absence of species (Catucci and Scardi 2020;
Gnisci et al. 2020; Mutlu et al. 2022b).

The establishment of a suitable environment by such
invasive algae could facilitate their colonization and
subsequent spread in space. This species is one of the
Lessepsian species in the Mediterranean Sea and could
most likely have been introduced to the Aegean Sea via the
ballast water of commercial ships that often visit the Gulf
of Izmir (Cinar et al (2025). However, the species has not
been observed along the Turkish Mediterranean coasts on
the path of species introduction first observed at several
loci, including the Israeli, Lebanese, and Syrian waters
(Rayss 1941; Mayhoub 1976).

In the Mediterranean basin, C. mexicana was first
documented in the Aegean Sea, following prior records
that were exclusively reported in the easternmost
Mediterranean waters (Fig. la). A comparison of C.
mexicana and C. taxifolia reveals several distinguishing
characteristics. The rachis (ramuli) of C. taxifolia is
flattened and arranged with pinnules in a sickle shape,
while the branchlets are characterized by flat blades with
broad, flat marginal pinnae (Verlague et al. 2015). In
contrast to C. taxifolia, the ramuli of C. mexicana are wide
and overlap one another, and the blades are clavate in
shape. The ramuli were abruptly tapered towards the
curved end spine (Coppejans and Beeckman 1990; South
and N'Yeurt 1993; Aysel and Dural 1998), as seen in our
materials (Figs. 4, 1A). However, the basal part of the
ramuli of the specimens published by Erdugan et al. (2009)

exhibited no contraction, and the frond blade was sickle-
shaped. According to the descriptions made by Verlaque et
al. (2015), the species could be identified as C. taxifolia
var distichophylla. In contrast, the specimen reported from
the Turkish coast of the Aegean Sea by Turan et al. (2011)
was identified as C. taxifolia due to the contracted basal
part of the ramuli. However, both studies did not establish
the biometric relationship. The rachis with frond exhibited
an almost ellipsoid shape in both C. mexicana and C.
taxifolia, while in C. taxifolia var distichophylla, it was
more or less cylindrical (Verlaque et al. 2015). The
specimen of C. mexicana exhibited a unique morphology,
characterized by a hybrid form between a clavate structure
and a club-shaped structure (Fig. 1A). The latter
component of the specimen was wider than the tip parts of
the ramuli.

The budding structure of the three species was found to
vary significantly. C. mexicana exhibited a reticulate
structure (Figs. 4, A3) as determined by Verlaque et al.
(2015). Cevik et al. (2007) conducted a molecular analysis
to identify specimens found in Iskenderun Bay (Turkey)
by comparing them with specimens from other regions and
aquariums in Izmir. This analysis led them to recognize the
Iskenderun specimens as C. taxifolia. The Iskenderun
specimens exhibited an absence of a contracted structure in
the basal part of the ramuli attached to the rachis,
suggesting that this species differed from C. taxifolia
collected from the aquarium. Indeed, both locus specimens
(Iskenderun and Izmir) exhibited biometric differences
during the description performed by Cevik et al. (2007)
who performed molecular analyses for identification of the
specimens. Therefore, subsequent analysis by Jongma et
al. (2013) addressed the genetic misidentification of the
Iskenderun Bay specimens, emphasizing the challenges
and limitations of integrating genetic and morphological
studies in determining species identity. They concluded
that the Australian endemic green alga, Caulerpa
distichophylla, was present along the Sicilian coast of the
Mediterranean Sea. The slender Caulerpa previously
reported as C. taxifolia from southeastern Turkey (Gulf of
Iskenderun) also belongs to C. distichophylla.
Morphologically, C. distichophylla clearly differs from C.
taxifolia in its slender thallus and the lack of large
rhizoidal pillars. However, genetic data do not provide
undisputed evidence that the species are distinct. The
analysis of the tufA cpDNA gene and the cpl6S rDNA
intron-2 sequences revealed a single nucleotide mutation
that demarcated the two taxa, while the ITS rDNA
sequences did not provide unequivocal distinction between
them.

Biometric measurements have been identified as a
primary factor in distinguishing the identity of closely
related species and monitoring growth patterns.
Consequently, the size and dimensions of three congeneric
species of Caulerpa vary, and the location or sea-based
location affects its biometry (density and morphometry)
(Benzie et al., 2000). The potential for species C. taxifolia
to exhibit ecomorphic variants of C. mexicana, or vice
versa, as a result of misidentification, has been observed in
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different environments (Chisholm et al. 1995; Olson et al.
1998). However, there is a paucity of detailed studies
examining the occurrence of these species with biometric
variation in space and time for the Mediterranean Sea. The
present study could be important to provide their density
and morphometry for the Mediterranean Sea for future
studies, since the species has been restricted to the
easternmost corner of the Mediterranean Sea in terms of its
distribution. The density of C. taxifolia species has
increased very rapidly, reaching the number of fronds up
to 5000 fronds/m? (Pereira et al. 2016; Loos et al. 2023).
The length-width relationship of the frond of C. taxifolia
var. distichophylla specimens collected from Antalya Gulf
of the Turkish Mediterranean coast (Mutlu et al., 2022a)
exhibited a comparable relationship with specimens of the
Aegean Sea (Fig. A2). The relationships between the seas
were not significantly different at p <0.05 (ANOCOVA, p:
0.457).

In addition to environmental measurements (Tuya et al.
2006), the depth of the seabed has affected the size of the
algae and seagrasses. For example, the photosynthetic
activity of C. mexicana was at its highest in the coldest
season and preferred low photosynthetic irradiance
(Robledo and Freile-Pelegrin 2005). However, C. taxifolia
has been observed to exhibit a preference for higher light
intensity in comparison to C. mexicana (Gayol et al. 1995;
Chisholm and Jaubert 1997). Furthermore, the shallower
waters have been found to harbor denser shoots of various
seaweed and seagrass species compared to those at greater
depths. The length of the rachis (the part that holds the
leaves or shoots) of these algae or the vertical rhizome
length (the root-like structure that helps the plant take in
water) of the seagrass was measured to be longer in the
shallow waters. Conversely, the frond length, leaf length,
and leaf width exhibited a decrease with increasing depth.
The environmental parameters exhibited a variation with
respect to bottom depth, with the density and size
measurements of two species of seaweed, Caulerpa
prolifera and C. taxifolia var. distichophylla,
demonstrating distinct variations. These measurements
varied in both time and space along the Turkish
Mediterranean coast (Mutlu et al., 2022a). For instance, in
contrast to C. mexicana, P. oceanica biometrics exhibited
a response to numerous predicted environmental variables
in the Mediterranean. The shoot density was predicted in
response to geographic coordinates and seafloor depth,
followed by prevailing wind, bottom gradient, and species
in order of importance (Catucci and Scardi 2020; Gnisci et
al. 2020; Mutlu et al. 2022b). Additionally, the seagrass
Cymodocea nodosa exhibited distinct density and plant
characteristics between the cold and warm water months,
contingent on the physical, optical, chemical, and
sedimentary characteristics of the environment (Mutlu et
al. 2022c).

The number of pinnae on the frond increased with
frond length; however, it remained constant with frond
length per 1 cm of frond or rachis length. Furthermore, it
did not differ with bottom depth, a phenomenon that has
also been observed in the number of leaves of certain

seagrass species. The measured frond length reached
higher (15-25 cm) in the national Spanish waters (Canary
Islands) fed with the riverine environment (Pereira, 2024)
than our estimates.

In conclusion, the distribution of the invasive non-
indigenous seaweed C. mexicana has extended its range
northward from its initial occurrence in the Aegean Sea to
the eastern basin of the Mediterranean Sea. This
phenomenon is a consequence of the ongoing
tropicalization resulting from global warming in the
Mediterranean Sea, which has led to the proliferation of
tropical species into previously unoccupied ecological
niches. Consequently, the introduction of non-indigenous
and invasive species, such as C. mexicana, poses a
significant threat to the endemic biodiversity of the eastern
Mediterranean basin. The biometry of C. mexicana can
serve as a baseline for comparison with the characteristics
of other congeneric species of Caulerpa throughout the
Mediterranean basin and their native localities. Given its
reproductive characteristics comparable to C. taxifolia and
the elevated nutrient levels characteristic of the Urla region
where it was identified, C. mexicana is likely to spread
rapidly in this area. The turbidity resulting from high
nutrient levels and the degradation of sediment quality
leads to the removal of seagrasses, which can act as a
barrier to invasive species, thereby providing an advantage
to invasive species. In this study, we seek to elucidate the
significance of biometric variations among organisms in
facilitating species identification, in addition to their
structural and plant characteristics. However, molecular
analysis was not conducted on the specimens of all three
Caulerpa species encountered in various locations (Fig. 1)
during the present study, as they were preserved in
formalin solution following measurement. Biometric
measurements and analyses are more expeditious and
economical than genetic analysis and can swiftly identify
species (Figs. Al1-A3). These relationships or
morphometric analyses and ratios have been applied to the
identical characters of many organisms, e.g., fish (e.g.,
Geladakis et al., 2017; Currie et al., 2024), zooplankton
(e.g., Mutlu et al., 2020; Duman et al., 2025), and
zoobenthos (e.g., Strafella et al., 2021) across various
marine environments. The genetic analysis can discern
slight variations in specimens exhibiting plasticity in their
plant traits. However, the practical application of genetic
analysis to each specimen during the survey, whether in
the same or different area, was not feasible. Further studies
are recommended to explore the potential of genetic
analysis. Nonetheless, this comparative study underscores
the significance of biometric relationships and plant traits
among the three species examined in this study (Figs. Al-
A3).
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Appendix

Fig. Al. Fronds, rachises and pinnae of Caulerpa mexicana (a, d), C. taxifolia (b, (unpublished material) and C. taxifolia
var. distichophylla (c) from the Turkish Aegean waters obtained during the present study (Mutlu et al. 2025).
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Fig. A2. Frond length (FL)-width (FW) and frond length (FL)-number of pinnae (P#) of Caulerpa mexicana, Caulerpa
taxifolia, C. taxifolia var. distichophylla specimens collected during the present study conducted in the Turkish
coast of the Aegean Sea (Mutlu et al. 2025) and C. taxifolia var. distichophylla from Antalya Gulf, Eastern
Mediterranean Sea (data from Mutlu et al. 2022a).
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Fig. A3. Plant traits of fresh specimens of Caulerpa taxifolia (a, b), C. taxifolia var. distichophylla (c, Mutlu et al. 2025)
and C. mexicana (d) collected during the present study (See Fig. 1 for locations of the species occurrence)
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Keywords: Abstract: Hydromorphology is a discipline that examines the physical, morphological, and

. hydrological characteristics of aquatic ecosystems and their impacts on ecosystem functioning. In this
Hydromorphological status study, The Lake Hydromorphology Assessment Index (GHDI) was used to examine the current
Lake Mogan hydromorphological features of Lake Mogan to assess its hydromorphological status. Within the scope
Hydromorphology of the study, two periods of field work were carried out to represent the wet and dry periods and
Assessment index hydromorphological data were collected from the field. Based on the collected data and using satellite

imagery, hydromorphological changes and anthropogenic interventions in the lake were digitized.
Subsequently, Geographic Information System (GIS)-based analyses were performed by integrating the
digitized datasets with field observations. Our evaluations and analysis revealed the hydrological and
morphological modifications, habitat quality status and the overall hydromorphological status of Mogan
Lake. According to the five-class evaluation system, the overall hydromorphological status of the Lake
Mogan was classified as “moderate”. This study represents the most comprehensive and up-to-date
hydromorphological assessment of Lake Mogan and provides a scientific basis for the conservation and
management for the lake.

Mogan Golii’nde Hidromorfolojik Durumun Degerlendirilmesi

Anahtar kelimeler: N
Oz: Hidromorfoloji, su ekosistemlerinin fiziksel, morfolojik ve hidrolojik yap1 ile 6zelliklerini ve bu

Hidromorfolojik durum ozelliklerin ekosistem fizerindeki etkilerini inceleyen bir disiplindir. Bu ¢alismada, Mogan Golii’niin
Mogan gélii giincel hidromorfolojik 6zelliklerini incelemek ve hidromorfolojik durumunu ortaya koymak amaciyla
Hidromorfoloji Gol Hidromorfolojisi Degerlendirme Indeksi (GHDI) kullanilmistir. Calisma kapsaminda, 1slak ve kuru
Degerlendirme indeksi periyodu temsil edecek sekilde iki dénem arazi ¢aligmalart yiriitilmiis ve hidromorfolojik veriler

toplanmustir. Arazi ¢alismalan ile toplanan bilgiler gergevesinde uydu goriintiileri kullanilarak golde
meydana gelen hidromorfolojik degisiklikler ve insan kaynakli miidahaleler sayisallagtirilmistir.
Ardindan, s6z konusu sayisal altliklar kullanilarak Cografi Bilgi Sistemleri (CBS) tabanli analizler
yapilmis, araziden elde edilen veri ve bilgiler CBS tabanli analizlerle biitiinlestirilmistir. Yapilan analiz
ve degerlendirmeler sonucunda, Mogan Go6li’'niin hidromorfolojik durumu, hidrolojik modifikasyon,
morfolojik modifikasyon ve habitat kalitesi ve niteligi olarak ortaya konulmustur. Mogan Go6lii’niin
genel hidromorfolojik durumu bes smifli degerlendirme sistemine gore “orta” olarak belirlenmistir. Bu
calisma, Mogan Golii'ne yonelik en giincel ve kapsamli hidromorfolojik degerlendirme olmasi
bakimindan 6nem arz etmekte olup Mogan Golii’niin ekosisteminin korunmasi ve yonetimi igin bir
bilimsel temel olusturmaktadir.

Giris

Kullanilabilir su miktarinin olduk¢a az olmasina karsin, stirdiirtilebilirliginin saglanmasinda, tiim canlilarin ve
su kaynaklar1 tizerinde gerek insani faaliyetler gerekse de ekosistemin ihtiyacini karsilayacak yeterli miktarda ve
dogada kiiresel iklim degisikligi etkisiyle meydana gelen kalitedeki suyun temini ve bu kapsamda su kaynaklarinin
degisimler nedeniyle olusan baski hidrolojik dongiiniin korunmasi biiyiik 6nem tasimaktadir.

tim evrelerini etkilemektedir (Tatar, 2019; Vasistha ve
Ganguly, 2020). Bu etkenler sebebiyle su kaynaklar1 hem
miktar hem de kalite agisindan her gegen giin degisime
ugramaktadir. Suya duyulan ihtiyacin iistiinde olusan
tiiketim talebi, su kaynaklarmin siirdiiriilebilir yonetimine
iligkin  sorunlar1  artirmaktadir.  Su  kaynaklarinin

Hidromorfoloji, hidroloji ve jeomorfolojiyi birlestiren
ve tatli su ekosistemlerinde ydnetim ve restorasyon
calismalarinda ele alinan bir kavramdir (Kemp ve Sandin,
2022). iklim degisikligi nedeniyle degisen hidrolojik
rejimler, artan tarimsal faaliyetler vb. ihtiyaglar sebebiyle
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artan su tiiketimi ile hidroelektrik santrallerin kurulmasi
gibi amagclarla su kaynaklar1 iizerindeki antropojenik
faaliyetlerin artmasi, g6l ekosistemlerinde degisimlere
sebep olmaktadir. Ozellikle, s1g gollerde gevresel
degisikliklere daha duyarli oldugundan goéllerin hidrolojik
ve morfometrik Ozelliklerinde Onemli degisiklikler
goriilmektedir (Lawniczak vd., 2011). Ornegin, bir géliin
su seviyesinin diigmesi, kiy1 bolgelerindeki bitki ortiistiniin
azalmasina ve hatta goliin tamamen kurumasina neden
olabilir. Su seviyesindeki artiglar ise kiy1 bolgelerinde yeni
bitki tiirlerinin gelismesine ve gol ekosisteminin yapisal ve
islevsel olarak degismesine yol agabilir (Lawniczak vd.,
2011; Poikane vd., 2020).

Avrupa iilkelerinde, hidromorfolojik baskilar, sucul
ekosistemlerdeki en yaygin baski tiirleri arasinda yayili
atmosferik kirlilikten sonra ikinci siradadir (ACA, 2024).
Avrupa Birligi’nde 2000 yilinda yiiriirliige giren Su
Cerceve Direktifi (SCD)’ne gore yeriistii sularinin dogal
durumuna ulagsmasinda temel gosterge olarak biyolojik
kalite  unsurlarmin  yanisira  ekolojik  durumun
belirlenmesinde biyolojik kalite elementlerini desteklemesi
acisindan  hidromorfolojik ve fizikokimyasal kalite
elementlerinin izlenmesi gerekmektedir (Azlak vd., 2017;
EC, 2000; Meier vd., 2013). Bu nedenle, rutin izleme
programlarinda hidromorfolojik izleme ¢aligmalarinda
kullanilan degiskenlerin yer almasi 6nem tasimaktadir
(EC, 2000; Poikane vd., 2020).

Hidromorfolojik analizlerde kullanilan ydntemler
hidrolojik degisimler, nehir morfolojisi ve kiyisal yapilar
olmak {iizere genellikle ii¢ temel bilesene dayanir (Gurnell
vd., 2016). Morfolojik degerlendirmeler, nehir yatak
yapisi, kiyi stabilitesi, sediment hareketleri ve su kiitlesinin
zaman iginde gosterdigi sekil degisikliklerini igermektedir
(Belletti vd., 2015). Hidrolojik degerlendirmeler ise debi
degisimleri, akis stirekliligi ve taskin gibi su hareketleri ile
ilgili parametreleri kapsamaktadir (Poff vd., 1997).

Son yillarda gelisen teknoloji ile birlikte uzaktan
algilama ve Cografi Bilgi Sistemleri (CBS) gibi teknolojik
yontemler, hidromorfolojik analizlerin daha kapsamli ve
dogru yapilmasint saglamaktadir. Bu yontemler, su
kiitlelerinin uzun vadeli degisimlerini belirleme ve
stirdiiriilebilir yOnetim stratejileri gelistirme agisindan
onemli katkilar sunmaktadir (Bizzi ve Lerner, 2015).

Hidromorfolojik degerlendirmeler, ekolojik
restorasyon caligmalarindan su kalitesi yonetimine kadar
genis bir kullanim alanina sahiptir. Bu nedenle, su
ekosistemlerinin korunmasi ve siirdiiriilebilir yonetimi i¢in
bu alandaki yontemlerin siirekli olarak gelistirilmesi ve
uygulanmasi biiyiikk bir 6nem tagimaktadir (Poppe vd.,
2016).

Tiirkiye’de son yillarda su kaynaklarinin siirdiirtilebilir
yonetiminin saglanmasi amaciyla olduk¢a 6nemli adimlar
atilmig ve SCD’de yer alan uygulamalara yonelik ¢ok
sayida calisma yapilmistir. SCD’ye gore durgun su
kiitlelerinin belirlenmesinde en 6nemli adimlardan biri
olan tipoloji ve hidromorfolojik durum kavramlari, su
kaynaklarinda yapilmasi planlanan yonetimsel
caligmalarda kullanilmaktadir (EC, 2000).

Hidromorfolojik izleme ¢aligmalari, yeristii sulart ile
iliskilendirilen su ekosistemlerinin yap1 ve isleyisi olarak
tanimlanan ekolojik durumun ortaya konulmasinda
destekleyici unsur olarak kullanilmaktadir (EC, 2000).
Hidromorfolojik izleme; nehir, dogal ve yapay gol, kiy1 ve
gecis sularinda biyolojik ve kimyasal izleme ¢aligmalart ile
es zamanli olarak, ayni alan veya temsil eden yakin
alanlarda yapilmaktadir (Azlak, 2015; EC, 2000).
Hidromorfolojik izleme ¢aligmalarinda dogal ve yapay gol
kiitlesine iligkin hidrolojik rejim ve morfolojik kosullari
ortaya koyan parametreler izlenmektedir (Anonim, 2023;
Azlak, 2015; EC, 2000).

Tiirkiye’de ise Hidromorfolojik Izleme Tebligi (RG,
2023) kapsaminda hidromorfolojik durum belirleme
caligmalan yiritilmektedir. Tiirkiye’de gollerde ekolojik
durumun belirlenmesine yonelik yiiriitillen ¢aligmalar
dahilinde hidromorfolojik izleme vyapilmakla birlikte
dogrudan hidromorfolojik durumun belirlenmesine yonelik
olarak yapilmis calisma oldukg¢a sinirlidir.

Gollerde hidromofolojik durumun tespit edilmesi
amaciyla yapilacak uygulamalar icin temel adim ¢alisma
alanmin  tanimlanmasidir.  Gollerde  hidromorfolojik
calismalar gol havzasi boyutu ile gol ve goliin etrafinda
yapilan ve SCD’de verilen morfolojik kosullar kapsaminda
yapilan izleme ve degerlendirme ¢aligmalari olmak iizere
iki mekansal boyutta yiiritilmektedir (Azlak, 2015; EC,
2000). SCD’ye gore, gol hidromorfolojisinin izlenmesi ve
degerlendirilmesi ¢aligmalarinda, Tablo 1’de yer alan
izleme parametrelerinin  kullanilmas1  gerekmektedir
(Azlak, 2015; EC, 2000). G6l hidromofolojisi hidrolojik
rejim, morfolojik kosullar olmak iizere 2 temel
parametreye dayanmaktadir (Azlak, 2015).

Tablo 1. SCD’ye gore hidromorfolojik izleme
parametreleri (Azlak, 2015; EC, 2000)

Gol Hidromorfolojisi

Hidrolojik Rejim Suyun miktar ve dinamikleri

e Karisim ve sirkiilasyon deseni
Yenilenme (bekleme) siiresi
Yeralti suyu ile baglanti

Morfolojik Kosullar
G0l derinlik degisimi
e G0l yiizeyi
Gol derinligi / hacmi
Gol yatagmin yapisi, dip materyali (substrati) ve
miktar1
e  Materyal boyutu
e Suigerigi/ yogunlugu
e Element kompozisyonu
Sediment yas1 ve orani
Gol kryisinin yapisi
e Uzunlugu
e  Kiyi tiir kompozisyonu
e Bitki kaplamast
o Ky seti 6zellikleri
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Hidromorfolojik  faktérler ~ve insan  kaynakli
degisiklikler nehirler ve goller iizerinde giiclii etkilere
sahip oldugundan, bu degiskenlerin ve etkilesimlerinin
anlagilmas tatli su yonetimi ve restorasyonunda oldukga
onemlidir (Kemp ve Sandin, 2022). Mogan Goli,
Ankara’nin yakininda olmasi dolayisiyla rekreasyonel
onemi yiiksek olan bir goldiir. Eymir Golii ile birlikte
oldukca genis bir su toplama havzasi olan Mogan Golii,
havzadaki degisimlerden ve antropojenik baskilardan
etkilenmektedir. Bu ¢aligmada, Mogan Golii'nde SCD’ye
gore ekolojik kalitenin belirlenmesine temel teskil edecek
sekilde hidromorfolojik durumun indeks kullanilarak
belirlenmesi amaglanmustir.

Materyal ve Yontem

Cahisma alam

Mogan Gélii, Sakarya Havzasi’nda Ankara Il simirlari
icinde 11 Merkezi'nin 20 km giineyinde, 39°44'45" ve
39°47'45" kuzey enlemleri ile 32°46'30" ve 32°49'30" dogu
boylamlar arasinda, deniz seviyesinden 973 m yiikseklikte

yer alir. Aliivyon bir set golii olan Mogan Golii yaklagik 7
km? g6l alanina ve ortalama 2,8 m derinlige sahiptir.
Goliin en derin yeri 4 m olup g6l gevresinin uzunlugu ise
yaklagik 14 km’dir (Sekil 1) (Anonim, 1995; Pulatsii vd.,
2008; Sanal ve Demir, 2018). Mogan G4lii yaz aylarinda
genellikle kuruyan kiigiik derelerle beslenmekte olup suyu
kuzeydogusunda bulunan regiilatdrler ile Eymir Golii’ne
akig gostermektedir. Bu derelerin en dnemlileri havzanin
dogu-giiney-bat1 kesimlerinde yer alan Sukesen, Baspinar,
Golova, Yavrucak, Colakpmnar, Tathm, Kaldirim ve
Golciik dereleridir. Mogan Go6lii ¢evresinde genis sazliklar
ve ¢ok sayida restoran bulunmaktadir. G6l suyu, beton bir
kanal araciligiyla Eymir Golii'ne aktarilmakta ve daha
sonra Imrahor Deresi ile Ankara Cayi’na bosalmaktadir.
Havza genelinde kuru tarim ve mera faaliyetleri yaygin
olup, ayrica cesitli sanayi tesisleri bulunmaktadir. Bu
tesislerin tamami Mogan Go6lii’niin kusaklama kolektoriine
baglhidir ve zaman zaman Kkontrolsiiz  desarjlar
gerceklesmektedir (Karaaslan vd., 2010; Sanal ve Demir,
2018; Velioglu ve Kirkagag, 2017).

o NS K seti Midusle (s}
i

Mopan Grtineel Yizey Alam 2023/6

w /h [ ) Tstasvon
AN ’y/ 9 Ankara Tli
) < S} Sakarya | lavzast

Sekil 1. Mogan Golii kiy1 seti modifikasyonlar1 ve izleme istasyonlari
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