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ABSTRACT

This study investigated the effects of dietary supplementation of combined black cumin (BC) and
grape seed (GS) powder at different rates (0%, 1%, 2%, and 4%, respectively) on growth perfor-
mance and hepatopancreas histology of third instar Turkish narrow-clawed crayfish (Pontastacus
leptodactylus). A total of 180 third instar of crayfish with an initial mean weight of (0.06 g £0.01
g) and mean length (11.0 mm £0.01) were randomly assigned to four treatment groups with three
replications in each group and at a density of 15 crayfish per replicate. Crayfish were fed an ex-
perimental diet rate of at 10% of total body weight for 84 days. Growth performance parameters
were improved significantly with BC and GS powder supplementation (P<0.05), while survival
rates did not differ among all groups (P>0.05). Weight gain, specific growth rate and feed conver-
sion rate of the 1% group tended to be better than the other groups, with significant differences
among groups (P<0.05). The number and volume of B cells increased significantly with the in-
crease in the amount of (BC and GS) added to the feed (1, 2, and 4%) in the hepatopancreas. In
addition, it was determined that the R cells, which absorb nutrients, are dense in the hepatopancreas
tissue of the crayfish fed with 1% (BC and GS) added feed compared to the other groups. The
results showed that dietary supplementation of 1% BC and GS could benefit third-instar crayfish's
growth and histological data. Therefore, combining BS and GS can be recommended as a promis-
ing new feed additive for narrow-clawed crayfish culture.

Keywords: Medical plants, Freshwater Crayfish, Nigella sativa, Vitis vinifera, Growth, Survival
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Introduction

The Turkish narrow-clawed crayfish (Pontatastacus lepto-
dactylus) is a decapod crustacean (Decapoda: Astacidae) na-
tive to the freshwater habitat of the northeastern part of
Tiirkiye (Crandall and Grave, 2017). P. leptodactylus exhibit
several physical, biological, and commercial characteristics
that make them suitable candidates for aquaculture (Mazlum
and Yilmaz, 2006). P. leptodactylus play critical ecological
roles as planktonic grasslands, epibenthic scavengers or prey
species. They are important as indicator species for freshwa-
ter lakes, dams, and stream habitat quality (Reynolds et al.,
2013) conservation biology. The fact that P. leptodactylus is
the only domestic crayfish species in Tiirkiye has high eco-
nomic value and is an export product increases the demand
for crayfish. Tiirkiye has a wide distribution of water re-
sources, and its production is based on hunting. Until now,
there is no record of its cultivation in Tiirkiye. However, in
2015, a crayfish hatchery was built in Egirdir Institute, the
first and only closed recirculating system. P. leptodactylus
production from fishing reached 1011 tonnes in 2021 (TUIK,
2021).

The significant constraints on the cultivation of crayfish are
that they have a prolonged egg incubation and larval feeding
period and are susceptible to crayfish plague (Svoboda et al.,
2014; Mazlum et al., 2021). P. leptodactylus, like many other
farmed aquatic species, are more sensitive to physical and
physiological conditions during their larval stages and more
vulnerable to diseases (Mazlum et al., 2017). These situations
are one of the most important parts of crayfish production.
Success in this period directly affects crayfish production.

One of the most important factors in overcoming these chal-
lenges is proper nutrition, which is effective in maintaining
the growth and health of aquatic organisms (Sonmez et al.,
2020). Prepared rations provide essential nutrients for the
physiological functions of aquatic organisms but also mediate
the intake of other components that may positively affect
health (Li and Gatlin, 2004). Today, studies are carried out in
which many functional feed additives, including probiotics
(Hoseinifar et al., 2019), prebiotics (Yazici et al., 2020), me-
dicinal and aromatic plants (Yazici et al., 2022), macro/mi-
croalgae etc. (Hoseinifar et al., 2022) are tested in order to
increase the growth performance and survival rate in aqua-
culture.

Medicinal plants and their derivatives are considered promis-
ing as feed additives in aquaculture due to their many prop-
erties (Li et al., 2019). The most prominent features of me-
dicinal plants are that they have bioactive compounds with no
side effects, inexpensive, biodegradable, easy to access, and

environmentally friendly (Tadese et al., 2022). For this rea-
son, medicinal plants have been widely adapted for a long
time in aquaculture as they improve the performance and
health status of aquatic animals (Hoseinifar et al., 2018; Jeya-
vani et al., 2022; Mariappan et al., 2023).

More than 60 different medicinal plants are considered feed
additives in aquaculture (Bulfon et al., 2015). One of these
plants, Black cumin (Nigella sativa), is a medicinal plant na-
tive to Southern Europe, North Africa, and Southwest Asia.
This plant is grown in many world countries, such as Iran,
Pakistan, India, Tiirkiye and Saudi Arabia, the Middle East
Mediterranean region, and Southern Europe (Yilmaz et al.,
2022). N. sativa powder is a rich source of protein, crude oil,
crude fibre and macro minerals and is composed of protein
(26.7%), lipid (28.5%), carbohydrates (24.9%), and fibre
(8.4%), and ash (4.8%). The rest comprises sugar mineral
substances (Nickavar et al., 2003). The main active ingredi-
ents are thymol, thymohydroquinone, thymoquinone, car-
vacrol and thymoquinone (Abd El-Hack et al., 2021). It was
exhibited that black cumin and its derivatives have some ad-
vantageous features such as immunostimulant (Dorucu et al.,
2009; Altunoglu et al., 2017), growth-promoting (Oz et al.,
2018; Bektas et al., 2019), antioxidants (Yonar, 2017), anti-
microbial activities (Khondoker et al., 2016; Hal et al., 2021)
for farmed fish. Additionally, using N. sativa or its deriva-
tives as a supplement in fish diets protects against fish patho-
gens (Khondoker et al., 2016; Hal et al., 2021).

Another medicinal plant is grape seed, which is rich in poly-
phenolic compounds with potent biological effects. These
polyphenols, consisting of flavonoids and phenolic acids
(Mekrinakhi et al., 2020), have antioxidant (Souza et al.,
2019) and antibacterial activity (Ahmad et al., 2014). Grape
seed has a complex composition, and the constituents of the
composition were determined as 11% protein, 16% fat, 40%
fibre, and 7% phenolic compounds. Some researchers have
reported that grape seed extract has a positive effect on
growth performance (Kesbi¢ and Yigit, 2019), antioxidant
defence (Mousavi et al., 2020) and immune system in farmed
fish (Arslan et al., 2018; Mehrinakhi et al., 2020).

It is thought that medicinal plants as feed additives will con-
tribute to this growth in yield, quality, and income increase.
Furthermore, some studies have reported that combining
herbal powders is more effective than a single herb admin-
istration (AbdelWahab and El-Bahr, 2012). However, there is
limited research on combining herbal extracts as a new strat-
egy to enhance crayfish performance and improve health sta-
tus. Hence, the present study investigated the synergistic ef-
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fect of dietary administration of V. sativa and V. vinifera mix-
ture on the growth performance and some hepatopancreatic
histological parameters of narrow-clawed crayfish P. lepto-
dactylus.

Materials and Methods

Ovigerous female (n=45) narrow-clawed crayfish weighing
41.8 g and a total length of 109.6 mm were collected from
Lake Egirdir in 2023, using fyke-net (16 mm mesh size) fed
with frozen fish. The caught female crayfish with eggs were
packed and shipped by bus to Iskenderun Technical Univer-
sity Hatay Fisheries Research Facilities. Egg-laying female
crayfish were stocked in three PVC tanks containing 15 cray-
fish to acclimate to the experimental environment before
starting the research. Potassium permanganate was applied
every 3 days to prevent fungal infection. During adaptation,
crayfish were fed with sea bass commercial feed. Egg hatch-
ing was done in the rearing unit of Iskenderun Technical Uni-
versity, Faculty of Marine Sciences and Technology.

Length (mm) and weight (g) were measured by subsampling
from healthy hatched crayfish (n=50) and placed in 12 tanks.
A sizing board was used to measure the total length (TL, mm)
of the crayfish, and a digital scale with an accuracy of (0.01
g) was used to measure their wet weight (WW, g). One hun-
dred and eighty (n=180) healthy third instar crayfish chosen
for the experiment (mean weight 0.06 g +0.01 g and length
11 mm +£0.01) were randomly placed in four treatment groups
of 0% (control group), 1%, 2%, and 4%, respectively. Exper-
imental groups were performed in triplicate with 15 crayfish
in each tank. The experimental period was 84 days. Small
pipes and pieces of mesh are placed at the bottom of the tank
to reduce the contact of the crayfish with each other.

Black cumin (Nigella sativa) (BC) and grape seed (GS) pow-
der were purchased from herbalists in the Iskenderun district
of Hatay province. The diet in the powder was added to an
experimental commercial sea bass diet (0.5 g BC+0.5 g GS
powder; 1:1) at a 1g/100 g feed rate. The control group’s diet
did not include any supplements. The mixture was turned into
Alphiel pellet feed with the 3D mixing feature. The prepared
feeds were stored in plastic containers at +4°C. In the exper-
iment, crayfish in all groups were fed ad libitum daily for 84
days. The amount of feed was 10% of the total live weight.
Inedible feeds and crayfish droppings were siphoned away
from all tanks not to deteriorate the water quality.

During the experiment, temperature (°C) and the dissolved
oxygen (mg/L) in the water were measured every morning
(08:00) using an oxygen meter. pH values are measured
weekly with a pH meter. The water used in the experiment

Research Article

was carried out as a continuously flowing aquaculture sys-
tem.

The experiment's measurement of growth performance pa-
rameters was not done for the first 30 days in order not to
harm the offspring due to their very small size, and measure-
ments were made on the 60" and 84" days. At the end of the
experiment, crayfish for all groups were counted and weighed
to determine the weight, weight gain, specific growth rate,
survival rate, and feed conversion by the following equations.

Weight Gain (WG, g)
= Final crayfish weight (g) — Initial crayfish weight (g)

Weight gain rate (WGR, %)
Final crayfish weight (g)- Initial crayfish weight (g)
= *

Initial crayfish weight (g)

Specific Growth Rate (SGR)

__InFinal weight (g)—In Initial weight (g) «100

days

Feed conversion ratio (FCR)

__ Total feed consumption (g)

Weight gain (g)

Survival Rate (SR, %)

Number of crayfish at the end of experiment

* 100

" Number of crayfish at the beginning of experiemnt

On the final day of the experiment, hepatopancreas samples
(n=3) were immediately taken from each treatment group to
perform the histological analysis. The samples were fixed in
10% phosphate-buffered formaldehyde, dehydrated in graded
serial ethanol, and embedded with paraffin. Subsequently, 4-
um-thick tissue sections were made using a rotary microtome,
stained with hematoxylin and eosin (H&E) and examined un-
der a light microscope (Nikon E 600) using a digital camera
(Ettore et al., 2017).

The parameters examined in the experiment were tested for
significance at the 5% level using a one-way analysis of var-
iance (ANOVA) (P<0.05). Results are given as mean + stand-
ard deviation of the mean (SD). In the data analysis, the ho-
mogeneity of variance (ANOVA) test was applied to the data
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before comparisons were made among the treatment groups.
Data results were tested with the Shapiro-Wilk test for normal
distribution. Statistical analyses of the data obtained in the
experiment were done using the SPSS 17.0 statistical package
program (SPSS INC. Chicago, IL, USA).

Results and Discussion

The water quality values used in this study were within ac-
ceptable ranges for crayfish growth (Mazlum, 2007). No sta-
tistical difference was observed in mean water temperature,
dissolved oxygen and pH (P>0.05) during the experiment.
The water temperature used in the experiment was average
(20.7-21.30 °C), and the dissolved oxygen level varied be-
tween 5.8-7.6 mg/l depending on the water temperature dur-
ing the 84-day experiment period. Rapid aquaculture growth
is one factor that significantly affects both feed and animal
welfare. In aquaculture, many stress factors, including bacte-
rial infections, have been shown to alter the feeding and
growth of aquatic organisms (Farag et al., 2021). Accord-
ingly, in this study, we evaluated whether black cumin seed
and grape seed powder affected the growth, survival, and his-
tology of hepatopancreas in narrow-clawed crayfish.

Medicinal plants, which have long been used to improve hu-
man nutrition, have recently received significant attention in
livestock, poultry, and aquatic animals (EI-Deep et al., 2019;
Saleh et al., 2019; Shekarabi et al., 2020). Medicinal plants
have also attracted the attention of aquaculture researchers
every day due to their beneficial effects on fish immunity, an-
tistress, antioxidant, growth promoter and feed digestibility

(Bulfon et al., 2015; Hal et al., 2021; Yilmaz et al., 2022).
Such additives can increase the growth of beneficial micro-
bial colonies in the digestive tract, thereby improving growth
parameters by increasing feed intake and weight gain of
aquatic species (Jeyavani et al., 2022; Mariappan et al.,
2023). In addition, increased resistance of aquatic species to
infectious diseases following the application of different me-
dicinal plants has also been previously demonstrated (Ahmad
etal., 2013; Khondoker et al., 2016; Mehrinakhi et al., 2020).

When the study results were examined, it was shown that BC
and GS powder did not negatively affect crayfish's growth
performance when 1%, 2% and 4% BC and GS were added
to the diet. In contrast, adding different levels of BC and GS
powder to the diet significantly affected weight gain, specific
growth rate, feed conversion rate and productivity of third-
stage crayfish, but not survival rate (Table 1). However, the
BC and GS ratio increase partially decreased the feed conver-
sion ratio and survival rate. These results agreed with those
obtained by Niroomand et al. 2020, Oz et al., 2018; Bektas et
al., 2019; Latif et al., 2020; Youssif et al., 2020 who found
that supplementation of BC and GS powder in fish feed.
Since studies on crustaceans are limited, comparisons with
other species have been made. This study determined that the
experimental feeds prepared to contain different ratios of BC
and GS positively affected the growth performance of the ex-
perimental group P. leptodactylus third instar. While the val-
ues in the 1% group were found to be significant compared to
the changes in the weight gains of the other groups (P<0.05),
the change in the weight gain (%) values was not significant
(P>0.05) (Table 1).

Table 1. Growth performance and feed conversion ratio in narrow clawed crayfish diets for 84 days.

Parameters Control BC+GS 1% BC+GS 2% BC+GS 4 %
Initial weight (IW, g) 0.06 +£0.01 0.06 £0.01 0.06 +£0.01 0.06 £0.01
Final weight (FW, g) 0.47 £0.14* 0.60 +0.09° 0.40 £0.09* 0.40 £0.112
Weight gain (WG, g) 0.41 +0.14 0.54 +0.09 0.34 +0.09 0.34 +0.11
Weight gain (WG, %) 683.33 900.00 566.66 700.00
Initial length (ITL, mm) 11.00 +0.01 11.00 +0.01 11.00 +0.01 11.00 +0.01
Final length (FTL, mm) 27.67 £3.20° 28.00 +1.56* 26.00 +1.56° 25.08 +1.78°
Length increment (LC, mm) 16.67 £3.20* 17.00 £1.56* 15.00 £1.56° 14.08 £1.17°
Feed conversion rate (FCR) 1.17 £0.012 0.96 £0.02° 1.34 £0.02¢ 1.20 £0.012
Specific growth rate (SGR, %) 0.024 +0.000? 0.02740.0001°  0.022 +0.0001? 0.022+0.0001°
Survival rate (SR, %) 44.00 75.55 66.66 53.33

IW: initial weight (g), FW: final weight (g), ITL: initial length (mm), FTL: final length (mm), WG: percent weight gain
(%), SGR: specific growth rate (%), FCR: feed conversion ratio, SR: survival rate (%). BC and GS
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Similar to the results of the current study, Oreochromis nilot-
icus fed a 2% black seed supplement diet showed an im-
proved growth rate (Diab et al., 2008). An increase in growth
performance was reported in Cyprinus carpio larvae fed with
a 1% black seed ration (Al-Dubakel, 2012). Similarly, growth
rates were increased in Oncorhynchus mykiss larvae fed with
diets containing 1% and 1.3% black seed oil been reported
(Oz et al., 2018). Previous studies have shown that weight
gain and growth rate are directly related to the animal's ca-
pacity to digest and absorb nutrients (Magouz et al., 2020;
Mazlum et al., 2021). The improvement in the growth perfor-
mance of BC and GS has been attributed to its various bioac-
tive substances (Nickavar et al., 2003; Khondoker et al.,
2016; Arslan et al., 2018).

Many environmental and biological factors influence water
quality in crayfish farming (Eversole et al., 2004; Roessink et
al., 2017). Growth and survival are closely related to water
quality. Important water quality variables are dissolved oxy-
gen, pH, hardness, nitrite, and ammonia. Of these, dissolved
oxygen is the most important, and low oxygen may be di-
rectly or indirectly responsible for the death of crayfish more
than any other factor (Foysal et al., 2020). In addition, con-
sidering all these features, it is known that temperature sig-
nificantly affects oxygen levels. In our study, it was observed
that the water quality parameters were within acceptable lim-
its. Moreover, feed quality and feed components are im-
portant parameters in the growth of crayfish (Halver and
Hardy, 2003). This study observed that the water quality did
not change with the addition of medical feed additives to the
feed of experimental crayfish.

Crayfish store large amounts of lipids (energy) in the hepato-
pancreas for oocyte development, survival, digestion, nutri-
ent absorption, immunity, and metabolism (Lu et al., 2023).
Several studies have shown that the hepatopancreas under-
goes structural changes due to feed additives (Jahromi et al.,
2021). Therefore, the general nutritional status of crustaceans
can be evaluated by histological studies in the hepatopancreas
(Jahromi et al., 2021; Lu et al., 2023). Previous studies have
shown that hepatopancreatic R (resorptive) cells (R-cells) can
be used to monitor the nutritional value of diets (Vogt et al.,
1986; Geng et al., 2007). In this study, BS and GS powder
containing different ratios showed healthy histological struc-
tures in the control and treatment groups (Figure 1) and are
important for lipoprotein metabolism. Absorbent R-cells
playing a role were typically found to be normal. The 1% BC
and GS group was observed to provide the best recovery in
the hepatopancreas (Figure 1). It was determined that the ap-
plied doses did not harm the hepatopancreatic tissue; on the
contrary, there were improvements.

Research Article

Figure 1. Light photomicrograph of sections hepatopancreatic tis-
sues of Pontastacus leptodactylus crayfish fed with
BC+GS supplemented feed (a): Control group, (b) 1%
BC+GS, (c¢) 2% BC+GS, (d) 4% BC+GS (B: Blasen-
zellen cell, F- Fibrillenzellen or Fibrous cells, Restzellen
cells-indicated by arrow) (bar: 120 um, H&E).
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Conclusion

The results indicated that BC and GS powder supplementa-
tion helps significantly increase growth performance and sur-
vival rates of P. leptodactylus when added to their diet. The
1% group's weight gain, specific growth rate and feed con-
version rate tended to be better than the other groups, with
significant differences. The use of BC and GS powder to-
gether is suggested as a potential candidate for use as a feed
additive in intensive aquaculture applications to prevent
stress-related losses and ultimately increase production.
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Sulak alanlara antropojenik kaynakl kirletici yiiklerin girmesi su kalitesini hizla bozmaktadir. Bu ¢alisma, tarimsal faali-
yetlerin yogun oldugu bir bélgede bulunan, kiyisal sulak alan 6zelliklerine sahip Mili¢ Irmagi’nda yapilmistir. Mili¢ sulak
alan1 Terme Ovasi’nin drenaj sulari ile daginik yerlesim alanlarmdan gelen sularin Karadeniz’e dokiilmeden once top-
landi81 bir alict ortamdir. Caligmada, 1liman iklim kusaginda bulunan Mili¢ Irmagi’nin dort farkli 6rnekleme noktasindan
aylik olarak yiizeysel su ormekleri alinip, fekal indikatorlerden toplam koliform, Escherichia coli ve Clostridium
perfringens kontaminasyonu incelenmistir. Mikrobiyolojik analizler, membran filtrasyonu ile standart metotlar
kullanilarak gergeklestirilmistir. Mili¢ Irmagi’nda farkli istasyonlardaki su numunelerinin ortalama koloni sayis1 toplam
koliform, E. coli ve C. perfringens igin sirastyla 2022 KOB/100 mL, 455 KOB/100 mL ve 34 KOB/100 mL olarak belir-
lenmistir. En yiiksek fekal kontaminasyon yagish sezonlarda (kig>sonbahar>ilkbahar>yaz) kaydedilmistir. istasyonlar ve
mevsimler arasinda yapilan korelasyonda en yiiksek iligki £. coli i¢in kis (r=0.985, p<0.05), C. perfiingens i¢in sonbaharda
(r=0.958, p<0.05) belirlenmistir. Analiz sonuglari, Mili¢ kiyisal sulak alaninda fekal kontaminasyonun oldugunu
gostermektedir. Yertstii Su Kalitesi Yonetmeligi’ndeki bakteriyolojik parametrelere gore, sulak alan suyu toplam koliform
bakteri sayist bakimindan II. Sinif su kalitesindedir (az kirlenmis su). Bu parametre bakimindan akarsu-sulak alanin
ekolojik durumu “iyi” su simifinda yer alir. Mikrobiyolojik su kalitesi yoniinden, Mili¢ Irmagi ¢ok kirli olmayan, fakat
kirlilik baskist altinda degerlere sahiptir. Fekal kontaminasyon diizeyinin artmamast igin sulak alan havzasindaki yerlesim
ve tarim alanlardan gelen evsel atiklarin/atiksularin, hayvansal giibrelerin, sanayi atiksu/yagmur suyu kanalinin ve drenaj
kanallarinin dogrudan akarsuya karigmasi engellenmeli, gerekli tedbirlerin alinmasi konusunda halk bilinglendirilmelidir.

Anahtar Kelimeler: Fekal indikator bakteriler, Fekal kirlilik, Kiyisal sulak alan, Akarsu-sulak alani, Taskin yatagi,
Su kalitesi

ABSTRACT

Temporal and spatial variations of pelagic microbial water quality in a coastal river-wet-
land area in a temperate climate zone

The introduction of anthropogenic pollutant loads into wetlands rapidly deteriorates water quality. This study was con-
ducted in the Mili¢ River, a region with intense agricultural activities and coastal wetland characteristics. The Mili¢ wetland
(fluvial wetland) is a receiving environment where the Terme Plain's drainage waters and the scattered settlements' waters
are collected before they are poured into the Black Sea. In the study, monthly surface water samples were taken from four
different sampling points of the Mili¢ River in the temperate climate zone, and total coliform, Escherichia coli, and Clos-
tridium perfringens contamination from fecal indicators were investigated. Microbiological analyses were performed using
standard methods with membrane filtration. The average colony count of the water samples at different stations in the Milig
River was determined as 2022 CFU/100 mL, 455 CFU/100 mL, and 34 CFU/100 mL for total coliform, E. coli, and C.
perfringens, respectively. The highest fecal pollution was recorded during the rainy seasons (winter>autumn>spring>sum-
mer). In the correlation between stations and seasons, the highest correlation was determined for E. coli in winter (r= 0.985,
p<0.05) and for C. perfringens in autumn (r=0.958, p<0.05). Analysis results show that there is fecal pollution in Mili¢
coastal wetlands. According to the bacteriological parameters in the Surface Water Quality Regulation, wetland water ranks
II in total coliform bacteria count. The class is of water quality (slightly contaminated water). Regarding this parameter,
the ecological status of the river-wetland is in the “good” water class. In terms of microbiological water quality, the Milig
River has values that are not very polluted but under the pressure of pollution. In order not to increase the level of fecal
contamination, direct mixing of domestic waste/ wastewater, animal manures, industrial wastewater/rainwater channels,
and drainage channels from settlements and agricultural areas in the wetland basin should be prevented, and the public
should be made aware of the necessary precautions to be taken.

Keywords: Fecal indicator bacteria, Fecal pollution, Coastal wetland, Stream-wetland, Floodplain, Water quality
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Giris

Diinyanin kars1 karsiya oldugu en biiyiik ¢evre sorunlarindan
ilki iklim degisikligi, ikincisi ise su kirliligidir. Kiiresel
isinma ve iklim degisikligi 6zellikle i¢ sularda, basta sig
goller ve sulak alanlarda olmak iizere ciddi baski yaratmak-
tadir (Aydin ve ark., 2021). Diinya genelinde bir¢ok su
havzasi, kirlilik nedeniyle kullanilamaz hale gelmistir. Evsel
ve endiistriyel atiklar, kimyasallar ve zirai faaliyetler sularin
hizla kirlenmesine yol agarken, antropojenik faaliyetler dogal
kaynaklarin hizla tiikenmesine neden olmaktadir. Bunun so-
nucunda ise biyolojik ¢esitlilik kayb1 yaganmaktadir.

Doganin en onemli kaynaklarindan olan akarsular birgok
acidan Onemlidir. I¢cme suyu, tarim, sanayi ve evsel
kullanimda, sucul flora ve faunanin hayatta kalmasinda,
dolayisiyla dogal ekosistemlerin siirdiiriilebilir olmasi igin
akarsular hayati 6neme sahiptir (Tas ve ark., 2019; Yiiksel ve
ark., 2021). Biiyiik akarsular hidroelektrik santralleri
aracilifiyla elektrik enerjisi iiretmek icin kullanilirken, 6zel-
likle tagimacilikta kullanilan nehirler, lilke ekonomileri igin
oldukga 6nemlidir. Biiyiik akarsu sistemlerinin ¢ok 6nemli
bir parcasi olan taskin yataklar1 ise mmak ve karasal
ckosistemler arasindaki su kiitleleri ve madde aligveriginde
onemli rol oynarlar (Kiedrzynska ve ark., 2008a, b). Tagkin
yataklarmin dogal bilesenlerinden biyotik (makrofitler) ve
abiyotik (sediment) faktorler yeriistii ve yeraltt su kalitesini
etkiler (Ustaoglu ve ark., 2022). Bu nedenle tagkin yatagi, ak-
arsu sistemlerinin islevini ve biitiinliigiini siirdiirmek i¢in ¢ok
onemli ekosistemlerdir. Dolayistyla irmak taskin yataklarinin
Ozellikle alt havzalardaki fonksiyonu olduk¢a biiyiiktir.
Taskin yatagi, sel sularinin yavaslamasina ve dagilmasina
yardimci olur. Boylece sel bolgesindeki hasar1 en aza in-
dirgeyerek, ¢evredeki binalar, araziler ve diger altyapilarin
zarar gormesini engeller, insanlarin ve mallarmin giivende
kalmasim1 saglar. Ayrica, dogal yasam alanlarinin ko-
runmasina da yardimei olur. Karadeniz kiyis1 boyunca yak-
lasik 10 km uzunlugundaki kiyisal akarsu Mili¢ Irmag: bir
tagkin yatagi rollinii Gistlenerek hem sahil hatt1 {izerindeki yer-
lesim bolgelerinin hem de tarim alanlarinin sel sularindan
zarar gormesini engellemektedir.

Son yillarda yerkiirenin ve iilkemizin bazi yerlerinde, 6rnegin
Akdeniz iklim bolgesinde ve kapali havzalarda, siddetli ku-
rakliklar yasanirken, Karadeniz Bolgesi’nin kiy1 kesimlerini
etkileyen Karadeniz ikliminin goriildiigli bolgelerde zaman
zaman sel felaketleri yasanmaktadir. iklim degisikliginin hi-
drolojik dongiiyli degistirmesi sonucu yasanan dogal
felaketlerin, 6rnegin akarsularin, sig gdllerin ve sulak alan-
larin kurumasi, kurakliklar, seller, yanginlar, firtinalar gibi
asirt hava olaylarmin sikligi ve yogunlugu gilinlimiizde
oldukg¢a artmistir. Bununla birlikte bir¢ok havzada ve taskin
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yataklarinda biiylik g¢evresel sorunlar yasanmakta ve su
kalitesi bundan olumsuz etkilenmektedir. Klimatik faktor-
lerin yani sira niifus artigi, tarim, orman ve mera alanlarinin
tahrip edilmesi, elverigsiz tarim yontemleriyle topraklarin
yogun bir sekilde kullanilmasi, akarsu yataklarinin ¢evresin-
deki yapilagmalar gibi antropojenik faktorler kiiresel olgekte
sucul ekosistemlerin bozulmasini hizlandirmakta, dolayisiyla
ekosistemin igleyisi ve fonksiyonlar1 azalmaktadir.

Cok sayida ¢alisma, su kiitlelerinde fekal patojenlerin varlig
ile su kaynakli bir hastaliga yakalanma riskinin artmasi
arasindaki iliskiyi vurgulamigtir (Koloren ve ark., 2011 a,b;
Ford ve Hamner, 2018; Hulyar ve Altug, 2020; Kalkan ve Al-
tug, 2020; Sener ve ark., 2020; Tas ve ark., 2023). Su
kaynakl1 hastaliga neden olan ajanlar bakteriyel, viral, proto-
zoal veya mantar olabilir (Leifels ve ark., 2022). Akarsularda
fekal kirlilik, insan veya hayvan atiklariin sulara karigmast
sonucu olusan bir g¢evresel sorundur. Genellikle insan ve
hayvan diskilarindan kaynaklanan ve bu atiklarin iginde
bulunan bakteri, viriis ve diger patojenlerin suya karismasiyla
su kirliligi meydana gelir. Bu kirlilik tiirii, 6zellikle kanaliza-
syon sistemlerindeki aritma islemlerinin yeterli olmadig
veya hi¢ olmadigi boélgelerde sik goriiliir. Diinyanin en
yaygin afetlerinden olan ve siklig1 son yillarda artis gosterme
egilimi gosteren seller ve tagkinlarin insan ve hayvan 6liim-
leri, habitat kayiplar1 gibi ciddi sonuglar1 olurken, olumsuz
saglik etkilerine de yol agmaktadir. Sel sular ile dagilan
atiklar kirlilige sebep olmakta ve enfeksiyon riskini de
artirmaktadir. Sellerden sonra vektor ilireme alanlari da
genislemektedir. Dolayisiyla asagi havza akarsularinda fekal
kirlilik, insan saghigini tehdit eden hastaliklarin yayilmasina
neden olabilir. Su kirliligi ile miicadele etmek ve sularin
temiz kalmasimi saglamak igin atiklarin dogru sekilde
yonetilmesi, kanalizasyon sistemlerinin etkili bir sekilde
isletilmesi ve su kaynaklarinin korunmasi 6nemlidir.

Tiirkiye’nin Orta Karadeniz Boliimii (Samsun), Yesilirmak
ve Kizilirmak nehirlerinin olusturdugu deltalar, bu del-
talardaki Carsamba ve Bafra ovalari ile oldukga iiretken bir
ekosistemdir. Ayn1 zamanda, deltalar tatli su, ac1 su ve tuzlu
su 0zelligi tagiyan lentik ve lotik sistemler, sulak alanlar, sub-
asar ormanlar gibi zengin ekosistem cesitliligine de sahiptir.
Ancak bu akarsu havzalari, 6zellikle havzalar ve denizler
arasinda dogal bir arayiiz olan Mili¢ Irmag1 gibi akarsular
hem dogal kaynakli maddeleri hem de yiiksek niifus yogun-
lugu nedeniyle insan kaynakli kirletici ytikleri tagiyan bir or-
tam oldugu icin antropojenik faaliyetlerden etkilenmektedir
(Tas ve Koloren, 2017; Ustaoglu ve ark., 2020; Tas ve ark.,
2021; Ustaoglu ve ark., 2021).
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Samsun ili Terme ilgesindeki Mili¢ Irmagi-akarsu sulak alani
sucul flora ve fauna bakimindan oldukga zengindir (Tas ve
Topaldemir, 2021) ancak, tarimsal faaliyetlerin oldukga
yogun oldugu iist havzadan sulak alana taginan tarimsal, evsel
ve endiistriyel atik sular i¢in de alici bir ortamdir (Topaldemir
ve ark., 2023). Caligsma alani i¢inde yer alan sucul ekosistem-
lerden Terme Cay1’nda su kalitesi durumu ve kirlilik kaynak-
lar1 hakkinda kapsamli bir aragtirma yapilmis ve genel su
kalitesinin iyi oldugunu bildirilmistir. Ancak, agir metal
icerigi bakimindan yapilan saglik risk degerlendirmesinde,
cocuklarin sagliginin yetiskinlerden daha yiiksek risk altinda
oldugu belirtilmistir (Ustaoglu ve ark., 2021). Terme
Cay1’nda iletkenlik (EC) ve toplam ¢oziinmiis kati madde
konsantrasyonu (TDS) degerlerinin de Orta Karadeniz’deki
akarsulardan yiiksek oldugu goézlenmistir (Tas ve
Koloéren, 2017; Ustaoglu ve ark., 2021). Terme Cay1 sedi-
ment kalitesinin agir metal icerigi bakimindan incelendigi
calismada ise Cd ve Cu elementlerinin Ozellikle tarimsal
faaliyetlerden sisteme tasindigi, ancak insan sagligi igin
heniiz yiiksek risk igermedigi, diger metallerin de dogal
kokenli oldugu bildirilmistir (Ustaoglu ve ark., 2022). Ayni
akarsuyun mikrobiyolojik su kalitesinin incelendigi
calismada, Terme Cayi’nin ¢ok kirli olmayan, II. Sinif, yani
az kirlenmis su 6zelligi tasidig1 belirlenmistir. Fakat mansap
bolgesine dogru artan kirlilik baskisi gézlenmis, ozellikle
evsel ve tarimsal faaliyetlerden kaynakli, akarsuda fekal in-
dikator bakteri kontaminasyonu tespit edilmistir (Tas ve ark.,
2023). Terme ve Kocaman Cay1 havzasinda yapilan baska bir
arastirmada, suda cesitli protozonlarin (Balantidium spp.,
Blastocystis spp., Chilomastix spp., Cryptosporidium spp.,
Cyclospora spp., Giardia spp., Microsporidia sporu, Stron-
gyloides spp., kancali kurt yumurtalari) bulundugu bild-
irilmistir. Bu mikroorganizmalarin, alandaki yogun tarimsal
ve hayvancilik faaliyetlerinden kaynakli suya karistig1 ifade
edilmistir (Karaman ve ark., 2017a). Aym havza igindeki
Mili¢ Irmagi’nda daha once yapilan arastirmalarda; sucul
makrofit cesitliligi ve mevcut tiirlerin degerlendirilebilir
potansiyeli incelenmis, ancak akarsu sulak alaninda 6zellikle
suda serbest yiizen su egreltilerinden Azolla ve Salvinia gibi
istilac1 su bitkilerinin zaman zaman agir1 ¢ogalmalar yaptig
bildirilmistir (Tas ve Topaldemir, 2021). Mili¢ Irmag: sedi-
met metal iceriginin ekotoksikolojik a¢idan incelendigi
calismada ise incelenen metallerin diisilk ve az konsantra-
syonlarda oldugu, dolayisiyla ¢ocuklarda ve yetigskinlerde
onemli bir saglik riski olusturmayacagi belirlenmistir (Topal-
demir ve ark., 2023).

Ulasilan kaynak bilgilere gore, su ana kadar Mili¢ Irmagi’nda
mikrobiyolojik su kalitesinin incelendigi bir ¢aligmaya
rastlanmamistir. Bu ¢alismanin amaci, kiyisal akarsu Milig

Irmag ylizey suyunda fekal indikator bakterilerden (FIB)
toplam koliform, Escherichia coli ve Clostridium
perfringens’in varligim tespit ederek, akarsuyun mikrobiy-
olojik su kalitesini alansal ve zamansal olarak deger-
lendirmektir. Arastirmada, mikrobiyal kirleticilerin kaynagi,
su kalitesindeki onemli degisimlerin sebebi, biliylkligl ve
etkileri ortaya konularak, yagishh ve kurak sezonlardaki
degisimin belirlenmesi amaglanmistir.

Materyal ve Metot

Arastirma Alam

Mili¢ Irmagi-akarsu sulak alani/taskin yatagi; Karadeniz
kiyist ile Samsun-Ordu karayoluna batidan doguya dogru
paralel olarak uzanan, 10 km uzunlugundaki bir akarsudur
(Sekil 1). Kiyisal bir akarsu-sulak alani 6zelligine sahip olan
Mili¢ Irmagi, Yesilirmak Nehri Havzasi’ndaki Kocaman
Cay1 alt havzasinda bulunur. Yesilirmak Deltasi’nin ve
Carsamba Ovasi’nin dogusunda bulunan Milig, Terme
Ovast’nin drenaj sulari, cesitli kanal ve derelerle beslen-
mektedir.

Karadeniz iklimi goriilen, her mevsim yagish ve 1liman gecen
Orta Karadeniz kiyisindaki Terme ilgesinde, aylik ortalama
toplam yagis 59.15 ila 147.23 mm araliginda olup, ortalama
aylik toplam yagis 100.7 mm’dir. Terme’nin ortalama yillik
yagis miktar1 Tiirkiye’nin tiim yagis ortalamasindan (623
mm) nispeten daha fazladir (MGM, 2020). Calisma bdolge-
sinde en yiiksek yagis Kasim ayinda, en az yagis Mayis
ayimda olmaktadir. Terme-Kozluk Meteoroloji Istasyonu’nun
2014-2019 yillarmna ait iklim verilerine gore, aylik sicaklik
degeri 6.6°C (Ocak) ila 24.0°C (Agustos) araliginda olup,
ortalama sicaklik 14.7°C’dir. Ortalama en diislik sicaklik
Subat (6.8°C), en yiiksek sicaklik ise Agustos ayindadir
(23.2°C) (MGM, 2020; Tas ve ark., 2023).

Ornekleme

Nisan 2019 ile Mart 2020 arasinda dort farkli istasyondan
(M1: 41°10" 30.72"N-37°2" 56.87"E; M2: 41°10'10.69"N-
37°3'32.47"E; M3: 41°9' 32.94"N-37°522.38"E ve M4:
41°8'58.37"N-37°8' 3.48"E) aylik olarak orneklemeler
yapild1 (Sekil 1). Steril cam numune siseleri irmak suyu ile
birkag defa calkalandiktan sonra yiizeysel sudan (10-30 cm)
anlik su numuneleri alindi. Su 6rnekleri, sikica kapatilarak
151k veya sicakliktan korunmasi i¢in numune tasima ¢antasina
yerlestirildi. Ayni giin i¢inde su numuneleri Ordu Halk
Saglig1 Laboratuvari’na getirilerek 24 saat i¢inde mikrobiyal
analizler yapildi.
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Sekil 1. Calisma alaninin konumu ve 6rnekleme istasyonlari

Figure 1. Location of the study area and sampling stations

Analitik Metotlar

Bu calismada, kiyisal akarsu Mili¢ Irmagi ylizey suyunda
toplam koliform (7C), E. coli (EC) ve C. perfringens (CP)
varligr arastirildi. Tiim analizler membran filtrasyon yontemi
ile standart metotlar kullanilarak yapildi. 7C ve EC tespiti ve
sayimi i¢in standart ¢alisma prosediirii TS EN ISO 9308-1
(2014); CP (sporlular dahil) tespiti ve sayimi i¢in standart
calisma prosediirii TS EN ISO 6222 (1999) kullanildi.
Mikrobiyal degerlendirme KOB/100 mL (100 mililitredeki
koloni sayis1) olarak ifade edildi.

Istatistiksel Analizler

Mili¢ Irmag istasyonlarinda tespit edilen mikrobiyal para-
metrelerin tanimlayici istatistiksel analizleri (ortalama,
standart sapma, minimum ve maksimum degerleri) ile istasy-
onlar arasinda istatistiksel farkliliklarmn olup olmadiginin
tespiti icin tek yonlii varyans analizi (ANOVA) kullanildi.
Degiskenler arasindaki korelasyon, Pearson’un korelasyon
katsayist1 (r) ile belirlendi. Mikrobiyal parametrelerin
degerlerine gore, aylarin benzerliklerini belirlemek ve
sayisini indirgemek icin temel bilesenler analizi (faktor ana-
lizi) ile kiimeleme analizi uygulandi. Bu istatistiksel analizler
SPSS 22.0 paket yazilimi ile yapildi.
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Ayrica, FIB analiz sonuglarindan alansal ve zamansal
degisimleri iyi analiz edebilmek ve gorsellestirmek igin
Origin Pro Lab (Origin 8.5, 2021) yazilimi kullanilarak hot
plot grafikleri hazirlandi. Bir 1s1 haritas1 seklinde olusturulan
grafikte farkli renklerin tonlar1 kullanilarak her bir veri nok-
talarinin yogunlugu gosterildi. Kirmizi renk tonunun artmast
bakteri yogunlugunun fazla oldugunu ifade etmektedir (Tas
ve ark., 2023).

Bulgular ve Tartisma

Mili¢ Irmagi’nda dort farkli istasyonda aylik olarak yapilan
TC, EC ve CP analizlerinin sonuglar1 Tablo 1’de, mikrobiyal
parametrelerin tanimlayici istatistiksel analizleri Tablo 2’de
verilmistir. Tek yonlii varyans analizi (ANOVA) ile yapilan
Tukey testinde istasyonlar arasinda istatistiksel olarak an-
laml1 bir fark tespit edilmemistir (p>0.05). Ancak mevsimsel
olarak EC kis verileri, diger mevsimlerden farklidir (p<0.05).

Ayrica CP kig verileri ile yaz ve sonbahar mevsimleri
arasinda anlamli farkliliklar bulunmustur (p<0.05) (Tablo 2).
FIB sayis1 yillik ortalama olarak 644,7-1071,7 KOB/100 mL
araliginda degismis olup, dagilim 7C>EC>CP seklinde tespit
edilmistir.  Istasyonlar  arasindaki FIB  yogunlugu
M4>M1>M3>M2; mevsimsel olarak sonbahar>kig>ilkba-
har>yaz seklindedir. Istasyonlar ve mevsimler arasinda
yapilan korelasyonda en yiiksek iligski £C igin kis (r= 0.985,
p<0.05), CP i¢in sonbaharda (r=0.958, p<0.05) belir-
lenmistir. Mili¢ Irmagi’nda yapilan ¢calismada her istasyonda,
her ay FIB’lerin kaydedilmis olmasi, bolgedeki cesitli nok-
tasal ve yayili kaynaklardan dolayi, akarsuyun kontamine
oldugunu ve halk saglig1 agisindan risk olusturabilecegini
gostermektedir. 7C, EC ve CP tiirlerinin mevsimsel yogun-
luklar1 farklilik gostermekle birlikte, istasyonlar bazinda
yapilan degerlendirmede en fazla kontaminasyonun 4. ista-
syonda oldugu tespit edilmistir. En az kontaminasyon ise 1.
istasyondadir.

Tablo 1. Fekal indikator bakterilerin (KOB/100 mL) istasyonlara gore aylik dagilimi

Table 1. Monthly distribution of fecal indicator bacteria (CFU/100 mL) by stations

Istasyon Mart Nisan = Mayis = Haziran  Temmuz  Agustos Eyliil Ekim  Kasim  Arahk Ocak Subat
1 1730 310 340 1442 772 806 15680 507 1430 360 567 3850
2 3045 425 568 681 815 762 2322 372 1153 554 696 6840
3 1504 158 219 798 748 964 2612 381 385 911 4377 7720
4 4108 214 256 891 915 903 11408 553 1365 1409 4108 4140
1 190 20 24 968 32 69 680 90 550 55 210 1400
2 145 55 68 90 60 93 122 42 355 85 385 3200
3 129 19 8 147 68 75 102 75 25 519 3292 680
4 171 8 6 132 336 355 404 105 410 889 2994 1900
1 56 22 26 6 26 15 8 4 10 30 49 28
2 63 18 10 2 18 35 14 2 8 20 51 39
3 51 35 40 2 20 9 18 1 14 22 192 62
4 49 117 16 6 22 18 10 1 38 51 205 57
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Tablo 2. Bakteriyolojik parametrelerin mekansal ve zamansal tanimlayic istatistik analizleri

Table 2. Spatial and temporal descriptive statistical analyzes of bacteriological parameters

FiB Istasyon N Ortalama _ Standart sapma Minimum Maksimum
1 12 2316 4323 310 15680
2 12 1519 1864 372 6840
C 3 12 1731 2240 158 7720
4 12 2523 3182 214 11408
Toplam 48 2022 2984 158 15680
1 12 357 450 20 1400
2 12 392 892 42 3200
EC 3 12 428 926 8 3292
4 12 643 906 6 2994
Toplam 48 455 799 6 3292
1 12 23 16 4 56
2 12 23 20 2 63
cp 3 12 39 52 1 192
4 12 49 58 1 205
Toplam 48 34 41 1 205
fIkbahar 12 1073 1296 158 4108
Yaz 12 875 196 681 1442
TC  Sonbahar 12 3181 4982 372 15680
Kis 12 2961 2580 360 7720
Toplam 48 2022 2984 158 15680
fIkbahar 12 702 69 6 190
Yaz 12 2022 263 32 968
EC  Sonbahar 12 2472 222 25 680
Kis 12 1301° 1244 55 3292
Toplam 48 455 799 6 3292
[lkbahar 12 422b 29 10 117
Yaz 12 152 10 2 35
CP  Sonbahar 12 112 10 38
Kis 12 67° 63 20 205
Toplam 48 34 41 1 205

Dikey siitundaki harfler istatistiksel farkliliklar1 gdsterir (p<0.05)

Maksimum 7C bakteri sayisi1 sonbaharda 1. istasyonda (5872
KOB/100 mL), maksimum EC (1928 KOB/100 mL) ve
maksimum CP 4. istasyonda kis mevsiminde (104 KOB/100
mL) kaydedilmistir (Sekil 2). Mili¢ Irmagi’ndaki FIB tiirle-
rinin yogunluklarina gére olusturulan hot plot grafikleri Sekil
4-6’da gorilmektedir. Mili¢ Irmagi ile ayn1 havzada yer alan
Terme Cayi’nin FIB yogunlugu ¢aligsma alanimizdaki bulgu-
larimizla benzer olup, TC>EC>CP seklinde oldugu bild-
irilmistir. Ayn1 ¢aligmada, indikator bakterilerin mevsimsel
degisimlerine  bakildiginda, 7C bakteriler sonbahar
mevsiminde, EC ve CP kis mevsiminde artig gostermistir
(Tas ve ark., 2023). Ege Bolgesi’nde yiiksek niifus yogun-
lugu, yogun tarimsal ve/veya endiistriyel faaliyetler nedeni-
yle antropojenik olarak etkilenen alanlardan gecen Merig,

Bakirgay, Gediz, Kiiciilk Menderes ve Biiyiikk Menderes nehir
sularmin  mikrobiyolojik kalitesi fekal kontaminasyon
gostergelerini  kullanilarak  degerlendirilmis  ve  kis
mevsiminde fekal koliform sayilarmin fazla oldugu bild-
irilmistir. Calismada sularim1 Ege Denizi’ne tasiyan akarsu-
larda diski kirliligi oldugu ifade edilmistir (Kacar, 2011). Ege
Denizi’nde rekreasyonel alanlarin karasal kirlilik kaynaklari
nedeniyle bakteriyolojik kontaminasyona ugradigi, bu duru-
mun halk sagligi, ekoloji ve ¢evre agisindan istenmeyen du-
rumlar olusturdugu belirtilmistir (Ciftgi Tiiretken ve Altug,
2016; Bulbul ve Camur-Elipek, 2017; Altinoluk Mimiroglu
ve ark., 2020). Benzer durum Marmara Denizi’ne (Hulyar ve
Altug, 2020) ve Akdeniz’e baglanan akarsular (Bigkict ve
Eken, 2021) i¢in de gegerlidir. Terme Cay1 ve Mili¢ Irmagi
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gibi sularmi Karadeniz’e tasiyan Karadeniz Bolgesi’ndeki
akarsularin da fekal indikatér bakteriler ve parazitler
bakimindan kontamine oldugu yapilan ¢aligmalarda
vurgulanmistir (Koléren ve Kaya, 2012; Karaman ve ark.,
2017a,b; Koloren ve ark., 2017; Akkan ve ark., 2019; Verep
ve ark., 2019; Giindogdu ve Carli, 2020 a,b; Kalkan ve Altug,
2020, Sener ve ark., 2020; Tas ve ark., 2023).

TC bakteri, bakteriyel kirlilik seviyelerini tespit etmek i¢in
bir gosterge olarak kullanilir (Altug ve ark., 2017). TC bak-
terilerin akarsuda digerlerinden daha yliksek sayilarda ol-
masl, akarsuyun yil boyunca insan ve hayvan digkis1 ile temas
halinde oldugunun bir gdstergesidir. Bu durum su kaynaginin
kontamine oldugunu gosterir ve saglik riskleri olusturabilir.
Akarsudaki 7C konsantrasyonunun sonbahar aylarinda diger
mevsimlere gore daha yiiksek oldugu tespit edilmistir. Bu du-
rum, c¢aligma alaninda Agustos ayinda meydana gelen sel
felaketi nedeniyle, yukari havzadan asagi havzaya suyla
taginan organik ve inorganik tiim kirleticilerin Mili¢ Irmag1
kiyisal sulak alaninda toplanmasi seklinde agiklanabilir.
Tablo 1°de gorildiigi gibi, en yiiksek 7C degeri Eyliil ayinda
ve 1. istasyonda tespit edilmistir. Bu istasyon Kocaman Cay1
ana kolunun Mili¢g’e baglandigi bolgedir (Sekil 1).
Dolayisiyla bu istasyonda yiliksek bakteri kontaminasyonu
kaydedilmistir, fakat ayn1 zamanda burada ¢oktiirme ve fil-
trasyonun da meydana gelmesi olasidir. Ciinkii, yogun mak-
rofit topluluklari iceren bu istasyondan sonra 2. ve 3. istasy-
onlarda 7C degeri daha azdir. Fakat denize baglanti bolge-
sindeki 4. istasyonda yukar1 havzadan su tasiyan ve Milig
Irmag ile birlesen Kozluk Deresi’nden kaynakli olarak TC
degerinde artig goriilmiistiir. Bu sonuglar, yagisin ve sellerin
asagl havzadaki akarsu, gol, sulak alan, deniz gibi su
kiitlelerinde patojen mikroorganizmalarin ciddi bir kontami-
nasyon yapabilecegini gostermektedir.

Arastirma periyodunda, 7C sayisinin mevsimsel ortalamasi,
EC ve CP gibi kis mevsiminde de yiiksek degerlerde
gozlenmistir (Sekil 2). 7C degerinin tiim mevsimlerde 4. ista-
syonda maksimum oldugu bulunmustur (M4>M1>M3>M2).
Bu sonuglar organik yiikii olduk¢a fazla olan Kozluk
Deresi’nin gegtigi kdy ve tarim alanlarindan topladig: fekal
kokenli kirlilik yiikiinden kaynakli olabilir. Koliform bakteri
konsantrasyonlarinin artmasinin nedenleri; klimatik faktorler
(mevsimsel sicaklik degisim ve mevsimsel yagis miktarinin
azalmas1), mikroorganizmalar i¢in uygun ilireme ortaminin
olusumu (suda toplam organik yiikiin fazlaligi) ve kanaliza-
syonlardaki atik yikiiniin artisi olabilir. Sonug¢ olarak, 7C
verileri, istasyonlardaki su kaynagimin mikrobiyolojik
kalitesini degerlendirmede 6nemli bir gostergedir. Yiiksek
konsantrasyonlar, su kaynaklariin saglik riskleri olusturabi-
lecegini gostermektedir. Bu nedenle, su kaynaklarinin

diizenli olarak test edilmesi ve TC gibi gostergelerin izlen-
mesi, halk sagligi agisindan olduk¢a 6nemlidir.

Incelenen istasyonlarin bakteriyolojik verileri Yeriisti Su
Kalitesi Yonetimi Yonetmeligi’ne gore (YSKY, 2012) deger-
lendirildiginde; 7C ortalama verilerine gére Mili¢ Irmagi’nin
alansal ve zamansal olarak su kalitesi Sinif II 6zelligi (az kir-
lenmis su) tasimaktadir. Dort istasyonda yillik ortalama 7C
sayis1 >1000 KOB/100 mL’dir (Sekil 2). Mevsimsel ortalama
TC degerleri sadece yaz mevsimde <1000 KOB/100 mL iken
(875 KOB/100 mL), 6zellikle sonbahar ve kis mevsimlerinde
3000 KOB/100 mL civarindaki koloni sayilar1 istasyonlarin
bakteriyel kontaminasyon konusunda uzun vadeli izleme
calismalarina ihtiyag duyuldugunu géstermektedir. 7C para-
metresi bakimindan akarsu-sulak alanin ekolojik durumu
“iyi” su smifinda yer alsa da incelenen istasyonlarin otrofi-
kasyona yatkin oldugu gozlenmistir. Dogu Anadolu Bol-
gesi’ndeki tatli su kaynaklarinda indikator bakteri diizeyle-
rinin incelendigi ¢caligmada da Sinif I ve Sinif 11 su kalitesine
sahip sucul sistemlerin ¢alisma alanimizdaki gibi Otrofi-
kasyon riski tagidigi bildirilmistir (Altug ve ark., 2017).

Tath su ekosistemleri, 6zellikle sulak alanlar ¢evrenin ko-
runmasi ve dogal kaynaklarin siirdiiriilebilir kullanimi igin
kritik ortamlardir. Dolayisiyla bu ekosistemlerin izlenmesi ve
kontrol edilmesi elzemdir. Su ortamindaki bakteri yiikiinii an-
lamak i¢in klasik bir yaklagim olarak koliform bakteriler ve
EC gibi indikator bakteriler incelenir. Fekal kirliligin bir
gostergesi olarak kullanilan EC bakterisinin yiiksek kon-
santrasyonlar1 insan saglig1 i¢in risk olusturabilir. £C gibi,
kiiltiirlenebilir digki indikator bakterileri (FIB), sicakkanlt
hayvanlardan gelen digki materyalinin varliginin bir gosterg-
esidir ve su kalitesinin izlenmesi i¢in mikrobiyal bir gosterge
olarak kullanilir (USEPA, 2012). Dolayisiyla, £C nin diski
kontaminasyonunun ve sudaki patojenik mikroplari olasi
varligmin en iyi gostergesi oldugu diistiniilmektedir (Odon-
kor ve Ampofo, 2013). Insan saghgini tehdit eden patojen
mikroorganizmalarin en 6nemlilerinden olan £C ve koliform
bakteriler gibi bakteri tiirleri, sicakkanli hayvanlarin bagirsak
yolunda kolonilesen dogal mikrofloradir ve tatli su ve deniz
sularindaki varligi, bakteriyel patojenlerin varligma karsilik
gelir (Meals ve ark., 2013). EC’nin tath su golleri ve akarsu-
lar, topraklar ve ¢okeltiler gibi dogal ortamlarda hayatta kala-
bildigine, biiyliyebildigine ve popiilasyonlar olusturabild-
igine dair kanitlar vardir (Byappanahalli ve ark., 2012; Liang
ve ark., 2015). Mili¢ Irmagi’nda EC verileri incelendiginde,
istasyonlar ve mevsimler arasinda farkliliklar oldugu goriil-
miistiir (Tablo 1). En yiiksek EC degeri 4. istasyonda tespit
edilmistir (M4>M3>M2>M1). EC seviyesi mevsimsel
ortalama olarak (1301 KOB/100 mL), kis mevsiminde diger
mevsimlere gore daha yiiksektir (Sekil 3). Mili¢ Irmagi’ndaki
EC verileri sistemin tarim alanlarindan, yerlesim yerlerinden

181



182

Aquat Res 6(3), 175-188 (2023) e https://doi.org/10.3153/AR23018

gelen mikroorganizmalar tarafindan kontamine oldugunu,
dolayisiyla suyun dogrudan ve/veya dolayli insan tii-
ketimi/kullanimi i¢in uygun olmadigimi gostermistir. Ayni
zamanda, sonuglar su kaynagindaki kirliligin, 6zellikle de
fekal kirliligin varligina isaret etmektedir. Ayni havza i¢in-
deki Terme Cayi’nda da EC tespit edilmistir (Tas ve ark.,
2023). EC, yiizmeyle iligkili gastroenteritin habercisi
oldugundan, giinlimiizde rekreasyonel sular igin tercih edilen
bakteriyel gostergelerdir. Suda EC’nin varligi neredeyse her
zaman fekal kontaminasyonu ve dolayisiyla patojenlerin
mevcut olma riskini gosterir (Meals ve ark., 2013). EC, tath
suyun izlenmesi i¢in tavsiye edilen indikator bakterilerdendir
(USEPA, 2004) ve 2012’de yayimlanan rekreasyonel su
kalitesi kriterlerinde 100 mL’de ortalama 126 KOB asildig1
durumlarda suyla temas 6nerilmez (USEPA, 2012).

CP, islenmis/islenmemis kanalizasyon veya diger atiklarla
suyun kontamine oldugunu gosteren baska bir bakteridir. Bu
bakteri tropikal ve subtropikal sularda son zamanlardaki digki
kontaminasyonunun alternatif bir gdstergesi olarak kullanilir
(Meals ve ark., 2013). Mili¢ Irmagi’nin CP bakimmdan da
kontamine oldugu, fakat diger FIB tiirlerine gore daha az
sayilarda oldugu goriilmiistiir (Tablo 1). Dort farkli ista-
syonda mevsimsel ortalama olarak, en yiiksek CP degeri kis
mevsiminde ve 4. istasyonda tespit edilmistir
(M4>M3>M2>M1; kis>ilkbahar>yaz>sonbahar). Ocak
ayinda kaydedilen en yiiksek degerler 4. ve 3. istasyonlarda
sirastyla 205 ve 192 KOB/100 mL’dir. CP ki ortalama
degeri ise 78 KOB/100 mL’dir (Sekil 4). CP, insanlarin ve
hayvanlarin gastrointestinal sistemi ile iliskisine ve kanaliza-
syondaki sporlarinin varligina dayanan genis bir FIB
gecmigine sahiptir (Davies ve ark., 1995; Medema ve ark.,
1997; Cox ve ark., 2005). CP, tortuda biriktikten sonra zorlu
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ortamlarda hayatta kalmaya izin veren spor olusturma
yetenegine sahiptir (Davies ve ark., 1995). Hayatta kalmasi,
boyutu ve pargaciklarla iligskisi nedeniyle, bu organizmanin
su sistemlerinde izlenmesinin iyi bir gosterge oldugu
disiiniilmektedir (Medema ve ark., 1997). Sediment, diski
kirliliginin bir deposu olarak kabul edilir (Mueller-Spitz ve
ark., 2010). Deniz ve acisularin sedimentlerinde CP varligini
stirdiirebilirken, diger indikator bakterilerin seviyeleri giinler
veya haftalar gibi kisa zaman dilimlerinde azalabilir (Ashbolt
ve ark., 1993; Davies ve ark., 1995). CP sporlari, alici ortama
giris yaptig1 bolgede uzak yerlerde de tespit edilebilir, bu da
uzak veya eski fekal kirliligin bir gostergesidir (Savichtcheva
ve Okabe, 2006; Wang ve Deng, 2019). CP sporlar kirli su-
larda, 6zellikle tatl sularda diger FIB’lere gore daha uzun
siire hayatta kalabilir. CP sporlarinin uzun siireli canliligi, bu
bakterileri uzun vadeli veya biriken digki kirliliginin daha iyi
bir gostergesi yapar. Dolayisiyla, diger FIB’lerle birlikte
CP’nin de kullanilmasiyla, sucul sistemin mikrobiyal su
kalitesi daha iyi tahmin edilebilir (Li ve ark., 2021).

TK, EC ve CP degerlerinin aylara gore yapilan dondiiriilmiis
temel bilesenler analizi sonucunda 6z degeri 1’den biiylik 2
faktor saptanmistir (Sekil 5). Faktor 2 icinde yagish gecen kis
sezonu (Ocak ve Aralik aylar1) verileri yer alirken, 6zdegeri
1.62°dir ve toplam varyansin %27’sini agiklamaktadir. Diger
aylarin ise Ozdegeri 8.79 olan ve toplam varyansin
%59.54’{inii olusturan faktor 1 iginde yer aldigi gorilmiistiir
(Tablo 3). Ozdegerlerin agikladiklar1 birikimli varyans
miktar1 ise toplam varyanslarin %86.80’idir. Kis aylarinda
yagislarla ve ylizey akislariyla tagiman fekal orijinli bakteriler,
deniz rakimindaki kiyisal akarsu olan Mili¢ Irmagi’nda suda
yiiksek degerlerde kaydedilmistir. Faktor analizi ve
kiimeleme analizi sonuglari da bunu desteklemistir (Sekil 6).

Tablo 3. 7K, EC ve CP parametrelerinin faktor analizi varyans tablosu

Table 3. Factor analysis variance table of TK, £C and CP parameters

Baslangi¢ degerler Yiiklerin aciklanabilir kareler toplami Dondiiriilmiis kareli yiiklerin toplami1
Bilesen
; Toplam  Varyans % Kiimiilatif % Toplam  Varyans % Kiimiilatif %  Toplam  Varyans % Kiimiilatif %
1 8.79 73.28 73.28 8.79 73.28 73.28 7.15 59.54 59.54
2 1.62 13.52 86.80 1.62 13.52 86.80 3.27 27.26 86.80
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Sekil 2. Toplam koliform hot plot grafigi
Figure 2. Hot plot graph of total coliform
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Sekil 3. E. coli hot plot grafigi
Figure 3. Hot plot graph of E. coli
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Figure 4. Hot plot graph of C. perfringens
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Sekil 6.  Bakteriyolojik  parametrelere goére aylarin
kiimeleme analizi
Figure 6. Cluster analysis of months according to bacteriological

parameters

Fekal orijinli bakteriler, su havzalarinda suda ve sedimentte
biriktigi i¢in, bunlarn alict ortama noktasal ve/veya noktasal
olmayan kaynaklariin belirlenmesi, bu etkenlerin dncelikle
ortadan kaldirilmasi, hayvanlar ve insanlarin temas ettikleri
su kaynaklarmin su kalitesinin izlenmesi ve kontrold, &zel-
likle hijyen kontroliiniin saglanmasi, hastaliklarin ve halk
saghgr riskinin azaltilmasi bakimindan Onemli oldugu
diisiiniilmektedir. Mili¢ Irmagi’nda FIB kontaminasyonun en
yiiksek oldugu 4. istasyon, akarsuyun Karadeniz’e baglantili
oldugu bolgedir. Bu istasyon acisu bolgesi olmasinin yani
sira Kozluk Deresi’nin yukar1 havzadan evsel ve tarim alan-
larindan kirlilik yiikii tasidigi diistiniilmektedir. Milig
Irmagi’nin 7K, EC ve CP bakterileri tarafindan kontaminasy-
onu hem akarsuda hem de kiyisal bolgede, rekreasyon alani
olarak kullanilabilecek potansiyele sahip plaj alanlarinda
halk sagligi agisindan riskler olusturabilir. Ayrica, akarsu
hatt1 boyunca balik avlayip tiiketen insanlarin da fekal bakteri
kontaminasyonuna karsi ¢ok dikkatli olmas1 gerekir. Ciinkii
dogal sulara 6zellikle insan ve hayvan diskilariyla karisan
viriisler ve patojen mikroorganizmalar, suya dogrudan te-
masla veya atiklarin karistig1 sulardan dolayli yollardan bu-
lasarak onemli bir saglik riski sorunu olusturabilirler. Aym
zamanda, patojen mikroorganizmalarla kirlenmis sular,
cesitli amaglarla su kaynagi veya rekreasyonel alan olarak
potansiyel kullanimi sinirlar. Rekreasyonel kullanima agik
sularda ve igme suyu temininde mikrobiyolojik olmak {izere
her tiirlii kirletici ile sularin kirlenmesi 6nemli bir sorun
olusturmaktadir (Kol6éren ve ark., 2011a, b; Tas ve ark.,
2023). E. coli gibi indikator bakteriler sadece hafif en-
feksiyonlara neden olsa da bunlarin varligi insan saglig1 i¢in
tehlike arz etmektedir (Islam ve ark., 2017).
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Karadeniz Boélgesi’nin her mevsim yagisli olmasi nedeniyle,
Terme Ovasi’nda tarim alanlarinda kullanilan hayvan giibrel-
eri, meralarda hayvan otlatma faaliyetleri, yaban hayati ve
yerlesim alanlarindan akarsuya karisan kanalizasyon ve
foseptik sizintilar asag1 akis yoniinde Mili¢ Irmagi kiyisal
sulak alaninda toplanmaktadir. Karadeniz’e karigmadan
once, suda ve sedimentte bu mikroorganizmalarin tutulmasi
denizdeki bakteri konsantrasyonunu azaltabilir. Ancak Mili¢
Irmag ile Karadeniz kiyisi arasinda kalan su oku iizerindeki
yerlesim bolgesi hem akarsu hem de deniz i¢in bir bulas
kaynag olarak degerlendirilmektedir.

Sonuc¢

Mili¢ Irmag1 kiyisal sulak alaninda 7K, EC ve CP tiirleri
kullanilarak yapilan arastirmada, akarsuyun patojen mikroor-
ganizmalar tarafindan kontamine oldugu tespit edilmistir.
Dort farkli istasyonda her ay yapilan 6rneklemeler sonucunda
biitiin numunelerde FIB’lerin tespit edilmesi, Mili¢ Irmagi’na
insan ve hayvan diskis1 kokenli atiklarmm veya atiksularin
karistigini gostermektedir. Ozellikle bolgede tarim faaliyetle-
rinin yogun bir sekilde yapilmasi, topografik yap1 ve meteor-
olojik kosullar gibi klimatik ve edafik faktorlerle birlikte an-
tropojenik faaliyetler, patojen mikroorganizmalarin sudaki
varligina etki eden baslica faktorler olarak karsimiza ¢ikmak-
tadir. Yiizey suyunun ortak bir bileseni olan 7K, EC ve CP
patojenik mikroorganizmalar, kanalizasyonla ve yiizey
akislariyla yukar1 havzadan asagi havzadaki kiyisal sulak
alana tasinmaktadir. Ozellikle her mevsim yagis alan bolgede
kis ve sonbahar yagislarinin yogun oldugu zamanlarda,
yiizeysel akiglarla yerlesim ve tarim alanlarindan gelen sular
deniz seviyesindeki kiyisal Mili¢ sulak alaninda patojenik
mikroorganizmalarin yogunluklarinda artiglara yol agmak-
tadir. Bu mikroorganizmalarin az sayida bulunmasi, eger su
igme suyu olarak degerlendirilmeyecekse insan sagligi ve
hayati i¢in bir tehdit olusturmayabilir, ancak c¢ok sayida
bulunmasi 6nemli derecede rahatsizliklara neden olabilir.

Mili¢ Irmag1 deniz seviyesinde kiyisal bir akarsu-sulak alan
Ozelligine sahip oldugu igin, “hassas su alami” olarak
nitelenebilir. Karadeniz’den bir kiy1 kordonu (su oku) ile
ayrilan akarsuyun ¢ok fazla akis1 yoktur. Daha ¢ok duragan
ve suyun bekleme siiresinin fazla oldugu bu akarsu-sulak alan
sistemi, siirekli olarak yukar1 havzadan gelen gesitli kirleticil-
eri toplayan bir alic1 sistem olarak islev gérmektedir. Genel
olarak otrofik bir yap1 gdstermesi nedeniyle, gerekli onlemler
almmazsa yakin gelecekte dogal 6zelligini kaybedebilir. Yaz
aylarinda 1giklanmanin ve yiizey suyu sicakliginin artmasina
bagl olarak, 6zellikle asir1 yayilimci sucul bitkilerden olan su
egreltileri Azolla ve Salvinia zaman zaman su ylizeyini kimi
bolgelerde tamamen kaplayarak submers bitkilerin 151k al-
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masii engellemektedir. Su alt1 bitkilerinin 6lmeleri neti-
cesinde mevcut sistemdeki ¢evresel kosullar degisebilir; sed-
imentte organik madde miktar1 artarken, dekompozisyon
sirasinda oksijen azalir. Bu durum genel olarak daha yiiksek
mikrobiyal aktiviteye ve patojenik mikroorganizmalarin
kompozisyonunda degisikliklere neden olabilir.

Caligma alaninda, ¢esitli fekal kokenli bakteri kaynaklarinin
mekansal ve zamansal olarak farkli dagilimlari, muhtemelen
havzada farkli noktasal ve/veya yayil kirlenme kaynaklarina
sahip oldugunu gostermektedir. Su havzalarinda su kalitesini
belirlemeye yonelik arastirmalardan elde edilen veriler,
kirlilik izlemeyi takip etmenin yani sira kirli su kiitlelerininin
kalite yonetimine ve iyilestirmelerine uygun hale getirilme-
sinde rehberlik edebilir.

Yine, su kiitlelerinin iklim degisikligi perspektifinde ko-
runmast ve ekolojik kaynaklarin akillica yonetilmesi de 6nce-
likli acil konulardir. Son yillarda FIB yayginligi ve dagilimin-
daki degisiklikler, iklim degisikligi ile iliskilendirilmektedir.
Iklime bagh egilimler (6rn., yaz aylarinda artan sicaklikla
birlikte, asir1 yagis ve sel olaylari, kis yagislar1 ve artan akis,
artan sicaklik dalgalar1 ve asir1 sicaklarin siiresi ve sikligi
gibi), oOzellikle c¢evresel olarak her yerde bulunan patojen
mikroorganizmalarin yiizey akiglariyla asagi havzalarda
bulunan alict ortamlardaki konsantrasyonunu artirmaktadir.
Ozellikle klimatik faktorlerin (yagis ve sicaklik) ve arazi
kullaniminin FIB davranisi tizerinde 6nemli etkileri olurken,
sel nedeniyle erozyon, tortu taginmasi ve yliksek patojenik or-
ganizma konsantrasyonu su kaynakli hastalik vakalarinin art-
masina yol acabilir. Bu da iklim degisikliginin 6énemli saglik
sonuglar1 olabilir.

Mili¢ Irmagi’nin mikrobiyal su kalitesi ve kiyisal rekreasyon
sularinin giivenligi, 6zellikle iklim degisiklikleri baglaminda,
halk saglig1 ve siirdiirtilebilir su yonetimi i¢in olduk¢a énemli
olup giincelligini korumaktadir. Etkili su kalitesi kontrolii
saglamak icin, tehlikeli indikatdr tiirlerin tespiti hem sistemin
iyilestirilmesi i¢in ¢alismalar yapmaya hem de su kaynakli
patojenlere maruz kalmadan zamaninda korunmaya yonelik
tedbirler almaya imkan saglayacaktir. Glivenli su kullanimina
erigim tiim insanlarin en oncelikli haklarmdandir.
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Koksiiz su mercimegi insanlar i¢in potansiyel bir yiiksek proteinli gida kaynagidir. Lemnaceae familyasinin kok,
govde ve yapraklari indirgenmis bir tiyesi olan Wolffia, diinyanin en kiiglik spermatofitidir. Wolffia tiirleri ile yapilan
bilimsel aragtirmalar olduk¢a yeni olup, bu tiiriin Tiirkiye’de nadir oldugu diisiiniilmektedir. Dogal ya da kiiltiir
ortamindaki ¢evresel faktorler, bitkilerin fitokimyasallar1 ve besinsel bilesimleri iizerinde 6nemli bir etki gosterir.
Bu ¢aligmada, Yesilirmak Deltasi’nda (Samsun) lokal bir alandan toplanip kiiltiire alinan Wolffia arrhiza, kontrolli
kosullarda farkli LED 1giklar altinda yetistirilmistir. Ham protein miktarinin belirlenmesinde Dumas metodu kulla-
nilmustir. Azot (%) iceriginin standart doniigtim faktorii 6.25 ile carpilmasiyla hesaplanan protein igerigi, literatiir-
lerdeki farkli doniisiim faktorleri kullanilarak da degerlendirilmistir. Aragtirma sonucunda, koksiiz su mercimeginin
farkli 151k spektrumlari ile yapay aydinlatma kosullarinda basarili bir sekilde yetistirildigi kanitlanmistir. Dogal
ortamdaki koksiiz su mercimeginin %10 civarinda olan protein igerigi, kirmizi LED 1sikta oldukca yiikselmistir
(%41.6 protein). Farkli isiklarin W. arrhiza protein igerigine etkisi kirmizi LED > mavi LED > mor LED > floresan
seklinde gozlenmistir. Yiiksek protein igerigi, ¢evre dostu ve siirdiiriilebilir retimi ile Wolffia, yakin gelecekte
geleneksel mahsullere alternatif bir iiriin olarak, bitki bazli protein ve fonksiyonel gida pazarinda hizla yer alabilir
potansiyele sahiptir.

Anahtar Kelimeler: Alternatif protein kaynagi, Su mercimegi, Bitki bazli protein, Insan gidasi, LED

ABSTRACT

Determination of crude protein content using the Dumas method of rootless duckweed
(Wolffia arrhiza) grown under different LED lights

Rootless duckweed (Wolffia spp.) has the potential high-protein food source for humans. Wolffia is a member of the
Lemnaceae family and is the world's smallest spermatophyte, with reduced roots, stems, and leaves. Scientific re-
search on Wolffia species is relatively new, and this species is believed to be rare in Turkey. The phytochemicals
and nutritional composition of plants are significantly affected by environmental factors in the natural or cultivated
medium. In this study, Wolffia arrhiza was collected and cultured from a local area in Yesilirmak Delta (Samsun)
grown under controlled conditions using different LED lights. The Dumas method was used to determine the amount
of crude protein. The protein content, calculated by multiplying the nitrogen (%) content by the standard conversion
factor 6.25, was also evaluated by using different conversion factors in the literature. The results showed that root-
less duckweed can be successfully grown under artificial lighting conditions with different light spectrums. The
protein content of rootless duckweed, which was around 10% in the natural environment, increased considerably
under red LED light (41.6% protein). The effect of different lights on protein content of W. arrhiza was observed
as red LED > blue LED > purple LED > fluorescent. With its high protein content, environmentally friendly and
sustainable production, Wolffia has the potential to quickly take place in the plant-based protein and functional food
market as an alternative to traditional crops in the near future.

Keywords: Alternative protein source, Duckweed, Plant-based protein, Human food, LED
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Giris

Suda serbest yilizen monokotil su bitkilerinden olan su mer-
cimekleri, Lemnaceae familyasina ait 5 cins (Landoltia,
Lemna, Spirodela, Wolffia ve Wolffiella) ve 36 tiir igerir (Sree
ve ark., 2015; Bog ve ark., 2019; Bog ve ark., 2020; Tippery
ve Les, 2020). Su mercimeklerinin en kiigiik bireyi olan ve
kokleri indirgenmis olan Wolffia, diinyanin da en kiigiik sper-
matofitidir. Su mercimekleri hizli bliylime oranlari, yiiksek
besin alim kapasiteleri, yenilebilirlikleri, yetistirme
kosullarina bagli olarak besin igeriginin ve degerlerinin
degiskenligi gibi karakteristik oOzellikleriyle (Xu ve ark.,
2011; Xu ve Shen, 2011; Ziegler ve ark., 2015), insan gidas1
ve hayvan yemi olarak, biyoteknoloji alaninda, fitoremedi-
asyon calismalarinda, yenilenebilir enerji gibi oldukga farkli
alanlarda kullanim igin potansiyel bir kaynaktir (Cui ve
Cheng, 2015; Appenroth ve ark., 2017; Petersen ve ark.,
2022).

Kiiresel iklim degisikligi ve diinya niifusu hizla artarken, ta-
rim alanlar1 yavas yavas azalmaktadir. Bu durumda kiiresel
gida kithigr gelecekte daha da kritik hale gelecektir (van Dijk
ve ark.,, 2021). Fonksiyonel ve besleyici gida olarak
kullanilan algler gibi (Tas ve Sengiillendi, 2022a), su mer-
cimegi de bir¢ok i¢sel avantaja sahip oldugu i¢in, geleneksel
tahil ve tahil mahsullerine kiyasla son yillarda oldukca ilgi
¢ekmektedir (Appenroth ve ark., 2017; 2018; Xu ve ark.,
2022). Ornegin, algler gibi, su mercimegi de hizla biiyiir,
yetistirme icin biiylik tarim arazilerine gerek duymaz ve tarim
arazisi ile rekabet etmeden {retilebilir. Su mercimekleri,
ozellikle Wolffia tiirleri insan beslenmesi i¢in degerli bilesen-
ler icerir ve protein, yag, nisasta ve diyet lifi bakimindan en
yiiksek verime sahiptir (Appenroth ve ark., 2017; 2018). Su
mercimegi Diinya Saghik Orgiitii’niin (WHO) tavsiyesini
karsilayan yeterli tiim esansiyel amino asitleri (EAA) saglay-
abilir ve faydali pigmentler ve antioksidanlar agisindan
zengindir. Ayrica, su mercimegi fonksiyonel 6zellikler ve be-
sinler saglayan nisasta, seliilloz, eser miktarda hemiseliiloz ve
pektin gibi ¢ok yonlii karbonhidratlar da igerir (Appenroth ve
ark., 2017; Xu ve ark., 2022). Bitkisel bir protein kaynagi ve
tim EAA’lan igeren su mercimegi, viicudumuzun ihtiyaci
olan yiiksek kaliteli proteinin yam sira lif, demir, folat, mag-
nezyum ve potasyum gibi diger besin maddeleri agisindan da
zengindir. Bu nedenle, saglikli bir beslenme plam igin
miikemmel bir secenektir. Ozellikle vejetaryenler veya ve-
ganlar i¢in saglikli ve 6nemli bir gidadir. Su mercimeklerinin
proteinler, coklu doymamus lipidler, lifler, mikro besinler ve
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diger bazi biyoaktif bilesikler dahil olmak {izere zengin bir
yasamsal makro besin kaynagi olusturmasi, iyi dengelenmis
bir amino asit profiline sahip olmalar1, bu bitkileri insan
gidas1 olarak formiile etmek icin harika bir aday yapar
(Diwan, 2023).

Su mercimegi, tathi sularda dogal olarak yetisir. [liman iklim
kusaginda bulunan Tirkiye’'nin kuzeyinde yer alan
Yesilirmak ve Kizilirmak deltalar1 su  mercimeginin
yetismesi i¢in olduk¢a uygun sucul habitatlara sahiptir. Daha
iliman bir iklim, gblgeli habitatlar, diisiik 151k yogunluklari ve
asir1 sicakliklarin az olmasi gibi abiyotik faktorler nedeniyle
deltalardaki s1g goller, lagiinler, sulak alanlar, kanal ve hen-
deklerde zaman zaman su mercimekleri asir1 cogalmalar yap-
maktadir (Tas ve Topaldemir, 2021). Su mercimegi yetistiri-
ciligi i¢in, uygun ¢evresel kosullar altinda, seralarda verimli
sistemler kurmak ve siirdiiriilebilir sekilde y1l boyu hasat elde
etmek miimkiindiir (Arslan Giinal ve Tas, 2022; Tas ve
Sengiillendi, 2022b). Abiyotik faktorlerden 1s1k yogunlugu
ve spektral 151k dagilimi (Petersen ve ark., 2022) yetistiricilik
icin onemlidir. Ornegin, ¢ok yiiksek 151k yogunlugu 1sik
doygunluguna yol agar, dolayisiyla bitkinin fotosentetik ak-
tivitesini artirmaz (Landolt ve Kandeler, 1987). Mavi 1sikla
yetistirilen W. arrhiza’ nin kirmizi 1s18a kiyasla daha yiiksek
klorofil igerdigi bildirilmistir. Ancak, yapilan g¢alismalar,
abiyotik faktorlerin farkli su mercimegi tiirlerinde farkli
sonuglar ¢ikarabilecegini gostermistir (Wedge ve Burris,
1982; Yin ve ark., 2015; Paolacci ve ark., 2018; Stewart ve
ark., 2020). Isik yayan diyot (LED, Light Emitting Diode)
teknolojisinin gelismesiyle, bitki yetistiriciliginde verim ve
kaliteyi arttirmak hedeflenmis, son yillarda bitki {iretiminde
geleneksel aydinlatma sistemlerine alternatif olarak LED kul-
lanim1 yayginlagsmistir. Bununla birlikte, bitki gelisimi ve fiz-
yolojisi, biiylime ortami 151k spektrumundan giiclii bir sekilde
etkilendigi icin, bitkinin fizyolojik tepkilerini anlamaya yo-
nelik yeni aragtirmalarda LED aydinlatma kullanimi yaygin-
lagmaya baglanmistir (Tas ve Sengiillendi, 2022b).

Su mercimegi pazarinin, 2030 yilina kadar farkli gelisim fir-
satlarina kap1 agacagi ongoriilmektedir (Diwan, 2023). Artan
diinya niifusu ile birlikte yenilik¢i, besleyici, saglikli ve gevre
dostu gidalara olan ihtiyag su mercimeklerini 6n plana
¢ikarmistir. Gidalarin temeli olan protein {iretimi i¢in ek ve
siirdiiriilebilir biyokiitle kaynagina yonelik kiiresel olarak su
mercimegi proteinlerine olan ilginin arttig1 goriilmektedir.
Bununla birlikte, protein kaynagi olarak su mercimeklerinin
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potansiyelini dogru bir sekilde belirlemek igin, glivenilir
kantitatif yontemler gerekmektedir. Bitki dokusundaki top-
lam azot (TN) icerigi Kjeldahl yontemi veya CHN/S organik
element analizorleri kullanilarak yakma yoluyla belirlene-
bilmektedir. Protein igeriginin belirlenmesinde ise ¢ogun-
lukla Kjeldahl azotu (Kj-N) faktorii olarak bilinen 6.25’lik
doniistim faktorii ile TN carpilmakta ve yaygin olarak bu
yontem kullanilmaktadir. Dogrudan ekstraksiyon yoluyla da
protein analizleri yapilmaktadir, ancak bu yontemle ile ilgili
yasanan teknik sorunlarn aksine, bitki dokusundaki TN
icerigi Kjeldahl veya elementel analizérler kullanilarak daha
giivenilir olarak belirlenebilir. Ciinkii bu yontemlerle belir-
lenen toplam doku azotu igerigi, dogrudan ekstraksiyon
prosediirlerinden daha az degiskendir. Fakat bu yontemlerin
yanilabilirligi, daha sonra toplam proteini hesaplamak igin
kullanilan doniistiirme faktoriidiir (Angell ve ark., 2016).
Deniz alglerinin protein igeriginin incelendigi bir meta-ana-
lizde, proteomik amino asitlerin toplami olarak tanimlanan,
dogrudan ekstraksiyon prosediirlerinin protein igerigini %33
oraninda az, en sik kullanilan, azottan proteine doniigiim fak-
torii olan 6,25’in kullanildig1 durumda ise protein igeriginin
%43 oraninda fazla tahmin edildigi belirtilmistir (Angell ve
ark., 2016). Bu nedenle, farkli gida ve bitki gruplarinda
oldugu gibi, su mercimeklerinin protein igerigini belirlemeye
yonelik evrensel bir doniisiim katsayisinin belirlenmesine ih-
tiyac vardir.

Bu ¢aligmada, dogal ortamindan toplanip kiiltiirii yapilan ve
kontrollii kosullarda, farklit LED 1giklarda yetistirilen koksiiz
su mercimegi W. arrhiza’ nin ham protein igerigi analiz
edilerek, LED 1siklarin protein igerigine etkisi incelenmistir.
Dumas metoduyla belirlenen %N {izerinde protein icerigi
hesaplanirken, standart Kj-N katsayisi ile birlikte farkli do-
niisiim faktorleri de kullanilmistir. Calismada W. arrhiza’ nin
sec¢ilmesinin nedeni, Tirkiye’de heniiz taninmamasi, yiiksek
biliylime hiz1 ve protein igerigi, degerli fitokimyasallariyla
nutrasotik ve farmasotik alanda kullanim potansiyelinin yiik-
sek olusu ile ilgili ©on ¢alismalarda iyi performans
gostermesidir. Koksiiz su mercimeginin iiretiminin yapilarak
iilke ekonomisine ve bitki bazli protein pazarina katki sagla-
mas1 umulmaktadir.

Materyal ve Metot

Biyolojik Materyal ve Biiyiime Kosulu

Koksliz su mercimegi tiirlii, W. arrhiza, Yesilirmak Del-
tast’ndan (Samsun) toplannustir (Tag ve Topaldemir, 2021).

Ordu Universitesi (ODU) Hidrobiyoloji Laboratuvari’nda
kiiltiire almman koksiiz su mercimegi stok kiiltiirii elde
edilmigtir (Sekil 1). W. arrhiza, suda serbest yiizen, yaprak
olarak niteleyebilecegimiz frond adi verilen yapisi alg tallu-
suna benzeyen, ylizeyi seffaf olmayan parlak yesil renktedir
(Tas ve Sengiillendi, 2022b). Yapraklar genisliginin 1-1.5
kat1 derinliginde, kiiresel ila elipsoid, iist ylizeyde dis biikey,
en biiyiik genisligi su ylizeyinin biraz altinda, 0.5-1.5 mm
uzunlugunda, 0.4-1.2 mm genisgligindedir. Bitkiler bazen ¢i-
cek agar ve nadiren meyve verir. Tohumlar 0.4—0.5 mm uzun-
lugunda, yaklasik 0.4 mm kalinligindadir (Bog ve ark., 2020).
Toplu igne bast biiyiikliigiindeki bitkicik, tomurcuklanma
gibi vejetatif olarak hizla ¢cogalmaktadir (Sekil 1).

W. arrhiza biiylime ortami olarak sentetik “N ortam1” kulla-
nilmistir (Appenroth ve ark., 2017). N ortam1 su mercimekle-
rinin yetistirilmesi i¢in Onerilen bir ortamdir. Bu ortam
asagidaki  kimyasallarin ~ kanigimiyla — hazirlanmastir.
Kullanilan tiim kimyasallar analitik saflikta olup Merck
KGaA (Almanya)’dan satin alinmigtr.

Stok 1: 4.083 g/L KH>POy; Stok 2: 47,23 g/L Ca(NOs3),.4H>0;
Stok 3: 161.8 g/ KNOs, 61.8 mg/L H3BO;, 514.5 mg/L
MnCls.H,O, 94 mg/L NaMo04.2H,O, 49.30 ¢g/L
MgSO0.4.7H,0; Stok 4: 1.835 g/L FeNaEDTA. Hazirlanan
stoklar +4°C’de buzdolabinda muhafaza edilmistir. Bir litre
besin ortami hazirlamak i¢in her stok soliisyondan 5 mL
kullanilmis, pH 5.5’e ayarlanip 121°C’de 15 dak. otoklavda
steril edilmistir. Oda sicaklifina sogutulan steril ortamlar
kiltiirlerin ¢ogaltilmasinda kullanilmaistir.

W. arrhiza yetistirmek icin, ODU Hidrobiyoloji Laboratu-
vari’ndaki steril iklim kabini kullanilmistir (Grotech/GROS,
Unitroniks® Vision350™), Dort plastik kap (uzunluk X
genislik x ylikseklik: 64 cm % 43 cm X 18.5 cm) i¢ine asilanan
koksiiz su mercimegi, farkli LED’ler [kirmizi, mavi, mor
(kirmizitmavi)] ve floresan 1sikli raflarin  altina yer-
lestirilmistir (Sekil 2). Farkli LED 1s1kl1 panolar serit LED’ler
kullanilarak laboratuvarda hazirlanmistir. Su yiizeyinin 30
cm yukarisina yerlestirilen LED’lerin 151k yogunlugu 70—80
umol/cm?/s, iklim dolabinin floresan lamba (Polylux XLR™,
F18W/827, Hungary) 151k yogunlugu (sicak beyaz, 4 adet)
4500 lux’diir. LED 1siklarin yogunlugu PPFD meter (AMS
TCS3701 LIGHT ALS renk sensorii, Samsung), floresan 151k
yogunlugu multimetre (MASTECH® MS6300, Environment
Multimeter, Mastech Group, Hong Kong) kullanilarak dl¢iil-
miistiir. Iklimlendirme kosulu olarak 16/8 aydinlik/karanlik
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fotoperiyot, 24 +1°C sicaklik, 70°C nem ayarlanmistir. Kont-
rollii kosullarda ¢ogalan W. arrhiza, dort giiniin sonunda ha-
sat edilmistir. Distile su (dH,0O) ile yikanan koksiiz su merci-
meginin fazla suyu havlu pegete ile alinip derin dondurucuya
kaldirilmig, ardindan liyofilizatérde (FreeZone® 2.5, Lab-
conco) kurutulmustur. Kuru ornekler mekanik ogiitiiciide
(Waring 8011 EB Blender) toz haline getirildikten sonra ana-
lizler yapilincaya kadar -21°C’de muhafaza edilmistir.

Dumas Metoduyla Ham Protein Analizi

Toplam azot (TN) igerigi, Ordu Universitesi Merkezi
Arastirma Laboratuvari’nda bulunan bir CHNS analizorii
(vario MICRO cube, Elementar, Germany) kullanilarak, Du-
mas prosediiriine gore analiz edilmistir. Bu yontemde 1-2 mg
dondurularak kurutulmus bitki materyali yakilmis ve iiretilen
azot, termal iletkenlik sensorii ile Ol¢lilmiistiir. Tim azot
formlar1 yandigindan, bu analiz organik, nitrat, nitrit ve
amonyum azotunun toplamim verir (Devlamynck ve ark.,
2020). Cihazda tasiyic1 gaz olarak helyum, referans standart
olarak siilfanilamid kullanilmistir. CHNS analiz6riinde her
numuneden ii¢ kopya analiz edilen TN miktari, bitki kuru

Sekil 1. Koksiiz su mercimegi, Wolffia arrhiza (original)

Figure 1. Rootless duckweed, Wolffia arrhiza (original)

agirliklarina dayali olarak Elementar Vario yazilimi tarafin-
dan yilizde olarak belirlenmistir. Farkli LED 1siklarda
yetistirilen koksiiz su mercimeginin kuru agirlik bazinda pro-
tein igerigi (% ham protein), Kj-N’nin 6.25 faktdrii ile ¢arpil-
mastyla (N*6.25) hesaplanmistir (Kjeldahl, 1883; Casal ve
ark., 2000). Bunun yan sira, giincel literatiirlerde belirtilen
farkli N-protein doniistiirme faktorleri de kullanilarak
[F(5.8), Nieuwland ve ark., 2021; F(5.6), Mariotti ve ark.,
2008; F(5), Angell ve ark., 2016] protein degerleri
karsilastirilmagtir.

Istatistiksel Analiz

Farkli 151k gruplan arasinda degiskenin nicel ortalamalarina
gore anlaml bir farkliligin olup olmadigimi test etmek i¢in
Kruskal-Wallis testi yapilmistir. Bu test, tek yonlii varyans
analizinin (ANOVA) parametrik olmayan karsiligidir. Istatis-
tiksel analizin yapilmasinda MINITAB 16 (Minitab Inc.,
State College, Pennsylvania, ABD) kullanilmistir. Yine, elde
edilen sonuglardan Origin Pro Lab (Origin 8.5, 2021)
yazilimi kullanilarak hot plot grafigi hazirlanmustir.

Sekil 2. Iklim dolabinda farkli LED aydimlatmada W. arrhiza yetistirme, hasat ve kurutma

Figure 2. Growing, harvesting and drying W. arrhiza in different LED lighting in climate cabinet
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Bulgular ve Tartisma

Azot, bitkisel proteinlerin ana bilesenidir, bu nedenle yiiksek
azot igerigi, bitkilerin yiiksek protein igerigi ile
iliskilendirilir. Lemnaceae ailesine ait su bitkilerinin azot
icerigi oldukca yiksektir, genellikle %3 ila %5 arasinda
degisir. Bitki biiylime siireglerini katalize eden ve diizenleyen
azot, ¢esitli enzimatik proteinlerin bir pargasidir (Sinfield ve
ark., 2010). Karbon, hidrojen ve oksijenden sonra azot, fo-
tosentez islemi icin temel olan klorofil {iretimindeki kilit rolii
nedeniyle bitkilerdeki temel elementlerden biridir. Ayrica
azot, parazitlere ve bitki hastaliklarina kars1 koruma saglayan
kimyasal bilesenlerin iiretimine de katkida bulunur (Hoffland
ve ark., 2000).

Caligmamizda, kontrollii kosullarda, farkl 1siklarda yetistiri-
len W. arrhiza’nin CHNS analizorii ile belirlenen (Dumas
metodu) TN miktart Tablo 1’de goriilmektedir. Farkli 1g1kla-
rin bitkideki azot i¢erigini degistirdigi goriilmektedir. Koksiiz
su mercimeginin ham protein igerigi iizerine, farkl 11k spek-
trumlarinin anlamli bir etkisinin olup olmadigimni test etmek
icin Kruskal-Wallis testi yapilmistir. Analiz sonucu, farkli
151k kaynaklarinin W. arrhiza’nin ortalama protein degerleri
iizerinde Onemli bir etkisi oldugunu ortaya koymustur
(H=13.23; p<0.001; df=4).

Yesilirmak Deltasi’ndaki dogal ortamdan toplanan W. arr-
hiza’nin TN igerigi yaklasik %1.6’dir. Kontrollii laboratuvar
kosullarinda, sentetik N ortaminda, floresan ve farkli LED
1siklar altinda yetistirilen W. arrhiza’nin TN igerigi dogal or-
tamdakine gore oldukca artis gostermistir. Bu artig, kirmizi

LED 1sikta %316, mavi LED 1sikta %261, mor LED 1sikta
%246 oranindadir. LED 1siklara kiyasla beyaz floresan 1s1kta
yetistirilen W. arrhiza’min TN igerigi daha azdir, fakat dogal
ortamdakinden %162.5 oraninda daha fazladir. Koksiiz su
mercimegindeki farkli protein igeriklerinin 151k spektrumlari-
nin ve yogunluklarinin farkliligindan kaynaklandigini sdyle-
yebiliriz.

Organik bilesiklerde azot tayini i¢in en ¢ok kullanilan yont-
emlerden biri Kjeldahl metodudur (Kjeldahl, 1883). Bu
metod gida, igecek, et, yem, tahil, giibre, atik su, toprak ve
bitki dokusunda azot tayini i¢in yaygin olarak kullanilmak-
tadir (Mufioz-Huerta ve ark., 2013). Klasik Kjeldahl meto-
duna alternatif olarak, CHNS analizorii kullanilarak Dumas
(yakma) metodu ile de azot analiz edilebilir. Bu iki metot,
proteinlerde bulunan toplam azotun dikkate alindig:
metodlardir. Doku analizine dayali bu metodlar, organik azot
tayinindeki giivenilirlikleri nedeniyle bitkilere yaygin olarak
uygulanmistir (Mufioz-Huerta ve ark., 2013). Kjeldahl
metodu basit ve dogrulugu kanitlanmis, referans bir yontemi
olustururken, Dumas metodu, toplam azotu dogru bir sekilde
tahlil eder (Wiles ve ark., 1998). Geleneksel doniistiirme fak-
torii (6.25), koksliz su mercimeginde protein icerigini
oldugundan fazla tahmin etmektedir (Tablo 1). Bununla
birlikte, bir doniisiim faktoriiniin kullanilmasi, dokudaki azot
6l¢iimiine dayali olarak proteini tahmin etmenin basit bir yolu
oldugundan, hala g¢aligmalarin ¢ogu igin tercih edilen bir
yontem olmaya devam edecek standart bir yaklagim olarak
goriilmektedir.

Tablo 1. N-protein doniisiim faktorleri kullanilarak farkli LED 1giklarda yetistirilen W. arrhiza’nin ham protein igerigi

Table 1. Crude protein content of W. arrhiza grown in different LED lights using N-protein conversion factors

Isik kaynagi TN (%) Ham protein (%)

F(6.25) F(5.8) F(5.6) F(5) Ort.
Dogal 1.6 10 9.3 8.9 8 9.1
Floresan 4.2 24 24.1 23.3 20.8 23.1
Kirmizi LED 6.7 41.6 38.6 37.3 333 37.7
Mavi LED 5.8 36.1 33.5 324 28.9 32.7
Mor LED 5.5 34 32.1 31 27.6 31.2

TN: Dumas metoduyla analiz edilen toplam azot igerigi (organik, amonyum, nitrit ve nitrat azotu)
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Dumas metodu kullanilarak genellikle biraz daha yiiksek azot
seviyeleri bulunur. Bu, numunedeki tiim azot formlarinin
degerlendirilmesinde daha yiiksek bir toplam verimlilikle
aciklanabilir (Daun ve DeClercq, 1994; Thompson ve ark.,
2002). Kjeldahl  yontemiyle karsilastirildiginda,  Dumas
prosediiriiniin birka¢ avantaji vardir, ¢ilinkii daha az giiclii
reaktant tiiketir, daha az emek gerektirir ve numunelerden
azotu serbest birakmak i¢in daha verimli bir sicaklikta caligir
(Etheridge ve ark., 1998). Sonug olarak, bu yontem gida ve
yem numunelerindeki toplam azotu analiz etmek i¢in giderek
daha fazla tercih edilmektedir. Dumas metodu organik baglh
azotun onemli Ol¢iide fazla tahmin edilmesine yol agar, bu
nedenle ham protein tahmini i¢in, Dumas metodu protein
icerigi tayini i¢in kullanilacaksa, bu yonteme 6zgii yeni bir
doniistiirme faktorii belirlenmelidir (Devlamynck ve ark.,
2020). Genellikle bitkisel proteinler i¢in Kj-N katsayist olan
6.25 yaygin olarak kullanilmasina ragmen, elde edilen
sonuglar, orneklerin gergek protein icerigini temsil etmez.
Bunun nedeni, 6rneklerdeki azotun, protein disindaki diger
bilesiklerin yapitasi olabilecegi gercegidir. Bu nedenle, Kj-N
katsayisiyla belirlenen protein miktari, “toplam protein”
miktarini ifade eder. Genel olarak, ¢gogu analitik yontem pro-
tein igerigini oldugundan fazla tahmin etmistir. Hatalar,
dolayli 6l¢iimlerle, yani azot tayini ve miiteakip protein do-
niistiirme veya diger kimyasal maddelerden kaynaklanan gi-
risim ile baglantilidir. Insan diyetinin bu kadar &nemli
bilesenleri olarak, gidalardaki protein icerigini bilmek g¢ok
onemlidir ve bu nedenle giivenilir analitik yontemlere sahip
olmak 6nem arz etmektedir (Mahre ve ark., 2018).

Caligmamizda, Dumas metoduna gore, koksiiz su mer-
cimeginde bulunan TN miktarindan protein igerigi (% ham
protein) hesaplanirken hem geleneksel Kj-N faktorii hem de
glincel literatiirlerdeki su mercimegi i¢in uygun olabilecek
farkli faktorler kullanilmistir (Tablo 1). W. arrhiza’da Kj-N
faktorii (6.25) ile hesaplanan protein igerigi farkli LED
1siklarda yaklasik %34 ila %42 arasinda degismistir. En
yliksek protein kirmizi LED 1sikta yetistirilen numunelerde
hesaplanmistir (%41,6). Bunu mavi ve mor LED 1giklarda
yetigtirilen numuneler takip etmistir (Sekil 3). Floresan
1s1ktaki protein icerigi LED 1siklardan daha azdir. Koksiiz su
mercimegi (W. arrhiza) igin Kj-faktorii olarak 5.7-5.8 ara-
sinda bir deger onerilmektedir (Nieuwland ve ark., 2021). Bu
degerler kullanildiginda, kirmizi LED 1sikta yetistirdigimiz
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W. arrhiza’nin protein igerigi %38-39 olarak hesaplanmak-
tadir. Ancak, bitkinin yetistigi kosullar, genetik varyasyonlar
ve diger faktorler, Kjeldahl faktdrii degerini etkileyebilir. Bu
nedenle, protein hesaplamalar1 yapilirken dogru Kjeldahl fak-
toriinii kullanmak i¢in uygun literatiir kaynaklarina bagvurul-
malidir.

Nieuwland ve ark. (2021), sisman su mercimegi Lemna
gibba’da ham protein igerigini standart ve onaylanmis bir Du-
mas azot analiz yontemi kullanilarak incelemislerdir. Yari
konsantre Hoagland ¢6zeltisinde, 18 saat 151k ve 20 ila 30 °C
sicaklik arasinda iiretilen ve dondurularak kurutulan L.
gibba’nin ham protein miktari, 1spanaktan ve seker pancari
yapragindan elde edilen RuBisCO’nun (RuBisCO, tiim yesil
bitkilerde karbon fiksasyonunda 6nemli rol oynayan protein-
dir ve “yaprak proteini” nin ana bilesenidir) 5.8’lik do-
niistiirme faktorti kullanilarak hesaplanmistir. L. gibba’da
ham protein igeriginin, literatiirde bildirilen diger su mer-
cimegi cesitlerine benzer sekilde (Xu ve Shen, 2011), kuru
agirlik bazinda yaklasik %34 (33.6 g/100 g) oldugu bild-
irilmistir. Bu degerin protein izolasyonu i¢in kullanilan diger
yaprak kaynaklarina kiyasla daha yiliksek oldugu, 6rnegin
kuru agirlik bazinda proteinin 1spanakta %28, marulda %25,
seker pancarindan %18 oldugu ifade edilmistir (WHO, 1970).
Dumas metoduyla analizini yaptigimiz W. arrhiza’da 5,8 kat-
sayisin1  kullanarak belirledigimiz ham protein igerigi
(%N*5,8), farkl1 151k kaynaklarinin etkisinde, kuru agirlik ba-
zinda yaklasik %24 ila %39 araliginda hesaplanmustir. Kjel-
dahl faktoriiyle (%N*6.25) hesaplandiginda W. arrhiza’da
ham protein %26 ila %42 araligindadir. Yani standart Kj-N
faktorii ile hesaplama yapildiginda daha yiiksek protein ige-
rigi elde edilmektedir. Farkli LED 1siklarin floresan 1s18a ki-
yasla, W. arrhiza’nin gelisimini pozitif yonde etkiledigi goz-
lenirken, kirmizi LED 15181n azot icegini, dolayisiyla protein
seviyesini yiikselttigi tespit edilmistir. Farkli 151k kaynakla-
rinda yetistirilen W. arrhiza’nin farkl katsayilar kullanilarak
hesaplanan protein igerigi hot plot grafiginde Sekil 4’te go-
rilmektedir. Grafikte, protein yogunlugu farkli renkler ve
tonlar kullanilarak ifade edilmis, protein iceriginin az
oldugunu mor renkten protein iceriginin en yiiksek oldugu
kirmizi renge dogru degisim gdosterilmistir. Calismamizin
sonuglarma gore, W. arrhiza’dan L. gibba’ya gore daha
yiiksek oranda protein elde edilebilecegini ifade edebiliriz.
Hatta gelistirilecek farkli metotlarla bu oran daha da
yiikseltilebilir.
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Sekil 3. W. arrhiza’da ham protein igeriginin farkl 151k spektrumlarinda degisimi

Figure 3. Variation of crude protein content in W. arrhiza in different light spectra
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Sekil 4. Wolffia arrhiza’da protein igeriginin hot plot grafigi
Figure 4. Hot plot graph of protein content in Wolffia arrhiza

Kiiciik 6l¢ekli kapali dikey bir sistemde, farkli 151k yogunlugu
ve spektrumun su mercimegi L. minor ve W. hyalina
bliylimesi ve proteinleri tizerindeki etkisinin incelendigi bir

calismada, TN Dumas metodu ile analiz edilmis ve 6.25 fak-
toriiyle ham protein hesaplanmistir. Ham protein L. minor’da
%31.8-%32.4, W. hyalina’da %39.3-%40 oraninda tespit
edilmigtir. Bir tiir igindeki farkli 151k yogunluklarimin ve spek-
tral dagilimlarin ham proteinde 6nemli bir fark yaratmadigi
belirtilmistir (Petersen ve ark., 2022). Oysa ¢alismamizda, V.
hyalina’dan farkl olarak, W. arrhiza’da farkli 1s1k yogunlugu
ve spektrum ham protein igerigini degistirmis, 6.25 fak-
toriiyle en yiiksek protein %41.6 oraninda kirmizi1 LED 1s1kta,
en az protein ise %34.5 oraninda mor LED 1s1kta yetistirilen
bitkide tespit edilmistir (Sekil 4). Mevcut bulgularimiz, LED
1s1iklarin bitkinin biiylimesi ve besin igerigi iizerinde olumlu
etkileri oldugunu gdéstermistir. Dogal ekosistemden (Yesilir-
mak Deltasi’ndan) toplanan W. arrhiza’nin protein igerigi ol-
dukga diisiik iken (%10), kontrollii kosullarda farkli 151k
spektrumlarinin, 6zellikle LED 1siklarin protein miktarini ar-
tirdig1 goriilmiistiir. KSksiiz su mercimeginin protein igerigi-
nin arttirilmasinda LED 15181n floresan 1s18a gore daha ve-
rimli, etkili ve avantajli oldugunu sdyleyebiliriz. Farkli LED
1siklarin W. arrhiza’nin element (C, H, N, S) igerigini degis-
tirdigi belirlenmistir (Tas ve Sengiillendi, 2022). Dolayisiyla
151k kalitesi ve c¢esidi, yetistiriciligi yapilan bitki tiirlerinin
nutrasotik 6zelliklerini gelistirerek biyoaktif bilesiklerin iire-
timini artirabilir. Ayni zamanda insan sagligi iizerinde degerli
etkileri olan primer ve sekonder metabolitlerin biyosentezini
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de etkiler.

Ham protein hesaplamalarinda doniisiim faktorlerinin etkili
olduguna ve dogru katsayinin kullanilmasi gerektigine dikkat
cekmek isteriz. Ornegin, Angell ve ark. (2016)’nin deniz al-
gleri ile yaptiklar1 incelemede, protein igerigine iliskin tim
aragtirmalarin %52’sinde, azot tayininin ardindan 6.25°1ik bir
doniisiim faktorii (azottan proteine) kullanilarak hesaplama-
larin yapildig: belirtilmistir. Oysa ki bu faktoriin, cogu gidada
ve Ozellikle bitki gidalarinda protein igeriginin oldugundan
fazla tahmin edilmesine yol ac¢tigin1 belgeleyen birgok
calisma vardir (Jones, 1931; Sosulski ve Imafidon, 1990;
Mariotti ve ark., 2008). Gida protein tayini i¢in siklikla
kullanilan doniistiirme faktorii 6.25, proteinlerdeki genel azot
iceriginin %16 oldugu ve gidalardaki tiim azotun proteine
bagl oldugu varsayimina dayanmaktadir. Bununla birlikte,
her aminoasitin kendine has nispi azot igeriginden ve amino
asit bilesimi gida proteinleri arasinda degistiginden, bunlar
oldukc¢a kaba varsayimlardir (Sosulski ve Imafidon, 1990).
Ayrica nitrat, amonyak, {ire, niikleik asitler, serbest amino
asitler, klorofiller ve alkaloidler gibi ¢ok ¢esitli bagka bilesi-
kler de azot igerir. Bu bilesiklere “protein olmayan azot”
denir ve bunlarin nispi igerikleri genellikle sebzelerde
hayvansal gidalardan daha yiiksektir (Sosulski ve Imafidon,
1990). Yillar boyunca, 6.25’lik doniistiirme faktoriiniin gogu
durumda protein igerigini fazla tahmin ettigi kamtlanmistir ve
bu varyasyonlari ayarlamak i¢in tiire 6zgii birkag dontistiirme
faktorii Onerilmistir (Jones, 1931; Sosulski ve Imafidon,
1990; Lourengo ve ark., 2002; Mariotti ve ark., 2008); Angell
ve ark., 2016; Mahre ve ark., 2018). L. gibba’da protein
iceriginin iki yontemle (Kjeldahl ve bikinkoninik asit (BCA)
yontemi) karsilastirildigi ¢alismada, Kjeldahl yontemi ile
%?21.3, BCA yontemi ile %20.5 ham protein hesaplanmustir.
Kjeldahl yontemi ile elde edilen sonucun biraz fazla ¢ikmasi
ve yontemin daha basit olmasi nedeniyle, su mercimegindeki
protein igerigini hesaplamak i¢in 6.25 faktoriiniin yaygin
olarak kullanilmasini hakli ¢ikardigi belirtilmistir (Casal ve
ark., 2000).

Farkli ortamlarda yetistirilen su mercimegi L. minor’iin kuru
maddede ham protein igeriginin incelendigi bir aragtirmada,
su mercimeginin sentetik N ortaminda %28, atiksuda %25,
yagmur suyunda %15 oraninda protein igerdigi belir-
lenmistir. Ham protein Kj-N faktorii olan 6,25 ile
hesaplanmistir. L. minor’in TN igerigi Dumas ve Kjeldahl
metodlar1 kullanilarak karsilastirildiginda ise, Kjeldahl azo-
tunun CHN analizorii ile belirlenen toplam azottan anlamli
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derecede diisiik oldugu tespit edilmistir (Devlamynck ve ark.,
2020). Bunun nedeni muhtemelen Dumas yikiminin, yanma
asamasinda 1300°C sicakliga ulastigi icin Kjeldahl
prosediiriiyle karsilagtirildiginda organik azot bilesiklerini
parcalamada biraz daha verimli olmasidir.

Yapilan arastirmalar, Lemnaceae {iyelerinin protein
iceriginin tiire ve yetistirme kosullarina bagl olarak degise-
bildigini gostermektedir. Mevcut ¢alismamizda farklit LED
1siklarda yetistirilen W. arrhiza’nin protein igerigi, literatiirde
bildirilen diger su mercimegi ¢esitlerine (Lemna spp., Spi-
rodela polyrhiza) benzer sekilde (Xu ve Shen, 2011;
Nieuwland ve ark., 2021), hatta daha yiiksek, kuru agirlik ba-
zinda yaklasik %35-%42 araliginda tespit edilmistir. Farkli
N-doniisim faktorleri kullanildiginda, W. arrhiza’nmm ham
protein igerigi; kirmizi 1g1kta %33—42, mavi 1s1kta %29-36,
mor 151kta %28-34, floresan 1s1kta %21-24 araliginda hesap-
lanmistir. Dolayisiyla W. arrhiza, diger su mercimekleri
icinde yiiksek protein icerigiyle dikkatleri iizerine cekmekte-
dir. Wolffia spp. ile yapilan giincel arastirmalar, proteinin
yan1 stra bu bitkinin gida ve saglik iizerinde oldukga etkili
biyoaktif bilesenlere sahip oldugunu gostermistir. Molekdiler
barkodlama ile tanimlanan Wolffia cinsine ait su mercimek-
lerinin 11 tiirliniin tiimii, insan beslenmesiyle ilgili bilesenler
agisindan aragtirilmistir (Appenroth ve ark., 2018). Modifiye
Schenk-Hildebrandt medyumunda yetistirilen ve dondurula-
rak kurutulan Wolffia tiirlerinde toplam protein igeriginin
%20 ila %30 arasinda degistigi bildirilmistir. WHO standart-
larina gore, Wolffia tiirlerinde esansiyel amino asit igeriginin
okul oncesi ¢agindaki cocuklarm gereksinimlerine yakin
veya daha yiiksek oldugu, yag iceriginin diisiik, ancak ¢oklu
doymamis yag asitleri fraksiyonunun toplam yagin %60’ 1min
iizerinde oldugu ve ¢ogu tiirde omega 3 ¢oklu doymamis yag
asitleri igeriginin omega 6 ¢oklu doymamis yag asitlerinden
daha ytiksek oldugu belirtilmistir. Bu veriler Wolffia tiirlerini
insan saglig1 i¢in fonsiyonel gida kaynagi olarak {iretmenin
ve daha fazla arastirma yapmanin gerekli oldugunu goster-
mektedir.

Su mercimekleri (Spirodela, Landoltia, Lemna, Wolfiella ve
Wolffia) ile yapilan arastirmalarda, yiliksek protein igerigi ve
amino asit spektrumunun kalitesinden dolay1 bu bitkilerin
bir¢cok klonunun insan beslenmesi i¢in uygun oldugu sonu-
cuna varildig: ifade edilmektedir (Appenroth ve ark., 2017;
2018). Yenilebilir bir su bitkisi olan Wolffia globosa su mer-
cimegi (Mankai susu; yiiksek denetimli kosullar altinda ye-
tistirilen su mercimegi), protein icerigi bakimindan zengindir
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(kuru maddenin>%45°1) ve dokuz temel ve alt1 kosullu amino
asidin tamamini igermektedir (Zelicha ve ark., 2019). Son za-
manlarda, insanlar arasinda, W. globosa’daki temel amino
asitlerin biyoyararlaniminin, iyi bilinen hayvan (yumusak
peynir) ve bitki (bezelye) izo-protein kaynaklarina benzer ol-
dugu ve bu bitkinin kaliteli proteininin yiiksek oldugu vurgu-
lanmistir (Kaplan ve ark., 2019). Ayrica sican modellerinde
W. globosa’dan tiiretilen demirin biyoyararl oldugu ve demir
eksikligi anemisinin tedavisinde etkili oldugu bulunmustur
(Yaskolka Meir ve ark., 2019). Yesil Akdeniz diyetinin kar-
diyometabolik risk iizerine etkisinin incelendigi randomize
bir caligmada, donmus kiipler seklinde giinde 100 g W. glo-
bosa aksam yemeginde hayvansal proteinin yerine yesil bitki
bazli bir protein igecegi olarak verilmistir. Diizenli Mankai
tiikketiminin kisa stireli glikoz toleransim iyilestirdigi ve ay-
rica insiiline hassasiyette uzun vadeli iyilesmeyi tesvik ettigi
belirtilmistir. Calisma sonucunda ceviz, yesil ¢cay ve Mankai
ile desteklenmis yesil Akdeniz diyetinin yararl kardiyometa-
bolik etkileri artirabilecegi ifade edilmistir (Tsaban ve ark.,
2021). Baska bir randomize ¢alismada, W. globosa Mankai
su mercimeginin, potansiyel faydali postprandiyal glisemik
etkilerinin oldugu, yogurtla karsilastirildiginda daha diisiik
bir postprandiyal glikoz zirvesi ortaya cikardigi ve gelis-
mekte olan bir alternatif bitki protein kaynagi olarak hizmet
edebilecegi belirtilmistir (Zelicha ve ark., 2019).

Sonug¢

Diinyanin en kiiciik ¢i¢ekli bitkisi olan kdksiiz su mercimegi
Wolffia’nin, insan gidasi olarak degerlendirilebilecek ve
cevresel iyilestirme i¢in siirdiiriilebilir bir yaklasim
yaratmada muazzam bir potansiyele sahip oldugu
gorilmektedir. Bu bitki hizli tireme oranina sahip oldugu i¢in,
Tiirkiye gibi subtropikal bolgelerde de kontrollii sera
kosullarinda, LED 1gsiklar kullanilarak biyokiitle elde
edilmesi nispeten kolay olabilir. Ayn1 zamanda, ¢esitli yararl
biyoaktif bilesikler elde etmek igin kolayca hasat edilip
islenebilir. Mevcut fitokomponentleri ve gida degeriyle, 6zel-
likle yiiksek protein igerigi ve temel amino asitleriyle, kiiresel
iklim krizi kotiilestikge, geleneksel mahsullere alternatif bir
iirlin olarak gelecekte bitki bazli protein pazarinda hizla yer
almasi beklenmektedir.

LED isiklar altinda koksiiz su mercimegi yetistirerek, bitki-
nin hizli ¢gogalmasi ve fitokomponentlerinin arttirilmasi sag-
lanabilir. Bulgular W. arrhiza’nin farkli dalga boyu ve yogun-
luktaki LED 1siklar altinda yetistirildiginde, bitkideki TN

miktarinin dolayistyla protein iceriginin degistigini goster-
mistir. Bu ¢aligmalar, LED 1giklarin bitki yetistirme teknolo-
jisinde kullamiminin, bitki biiyiimesi ve besin igerigi agisin-
dan faydali olabilecegini gostermektedir. Farkl 151k kombi-
nasyonlar1 hazirlanarak W. arrhiza’nin protein igerigi daha da
artirtlabilir. Ancak, koksiliz su mercimegi bitkisinin protein
iceriginin hangi LED spektrumunda daha yiiksek oldugunu
belirlemek i¢in yapilmis bilimsel g¢aligmalarin sayist ¢ok
yetersizdir. Bu nedenle daha fazla arastirmaya ve sonuglarin
kesin olmasi i¢in daha fazla veriye ihtiyag vardir. Yine, yiik-
sek renk doygunluguna sahip, gergek renkleri sunabilen, nor-
mal LED’lerde gozlenen asirt mavi igimasini filtrelemesi,
pliriizsiiz ve kesintisiz olarak giines 1s181na daha yakin bir ay-
dinlatma saglamasi gibi avantajlarindan dolay1 full spectrum
LED teknolojisinin de denenerek bitkinin protein igeriginin
ve fitokimyasallarinin degisimi izlenebilir.

Bitkilerde protein miktarinin belirlenmesine yonelik birgok
metot bulunmaktadir ve bu metotlarin hepsinin avantaj ve
dezavantajlar1 vardir. Dumas metodunun Kjeldahl metoduna
kiyasla agir kimyasal maddelerle ¢alismaya ihtiya¢ duy-
ulmamasi, s1vi, kat1 veya yar1 kat1 haldeki her tiirlii gida mad-
desinde kolaylikla uygulanabilir ve ¢ok kisa bir siirede sonug
almabilir olmas1 avantajli yonleridir. Fakat Dumas metodu-
nun gida i¢indeki proteinlerin digindaki diger tiim N form-
larina da duyarli olmast dezavantajidir. Bu nedenle,
calismamizda su mercimegi proteini i¢in “ham protein”
ifadesi kullamilmigtir. Dogru karsilastirma yapabilmek igin
analitik yontemin dogru se¢imi dnemlidir. Bu ¢alismada TN
analizine dayali protein tayininde, tiire 6zgii N-protein do-
niisim faktorleri kullamldiginda veya kullanilmadiginda
farkli sonuglar elde edildigi, LED 1siklarin protein igerigini
artirdig1 ve en yliksek proteinin kirmizi LED 1s1kta yetistirilen
W. arrhiza’da oldugu sonucuna varilmistir.

Hayvansal kaynakli protein {iiretiminin birgok ekonomik,
saglik ve cevresel dezavantaji vardir. Azalan dogal kaynaklar
ve artan diinya niifusu nedeniyle, hayvansal protein talebini
sadece geleneksel yontemlerle karsilamak zordur. En pahali
proteinler hayvansal kaynakli olanlardir. Diinya ¢apinda et fi-
yatlar1 ylikseldikge, alternatif proteinlerin insan diyetine
sistematik olarak dahil edilmesi konusu daha da acil hale
gelmektedir. Bu nedenle su mercimegi proteini ¢evre dostu,
stirdiiriilebilir ve alternatif bitki proteini kaynagi gibi
goriinmektedir. Sumercimekleri, 6zellikle Wolffia tiirleri, sa-
hip oldugu nutrasotik ve farmasotik igerigiyle insan gidasi
olarak umut vericidir ve iilke ekonomisine katma degerli
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iiriinler iiretme potansiyeline sahiptir. Wolffia, iizerinde daha
fazla bilimsel aragtirmalar yapmaya deger bir su bitkisidir.
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ABSTRACT

This study investigated the potential for eutrophication in Kdycegiz Lake, one of Tiirkiye's most
important and sensitive ecosystems. We developed a simple steady-state eutrophication model
system using a phosphorus mass balance model for the lake, utilising open-access data from the
literature as input. The model was calibrated and validated, with a specific focus on the eutrophic
state of Kdycegiz Lake, and it demonstrated good responsiveness to future predictions. Our find-
ings revealed that both the epilimnion (TSI (TP) 56) and hypolimnion (TSI (TP) 70) of Kéycegiz
Lake are eutrophic. Considering climate change impacts and developments in the basin, we con-
ducted projections to determine the lake's trophic status between 2035 and 2095. By 2035, a 65%
decrease in freshwater inflow and a 4% increase in total TP load will lead to a hypertrophic status,
which will persist and gradually worsen to a severe trophic situation by 2095.

Keywords: Climate change, Diffuse pollution, Eutrophication, Kéycegiz Lake, Phosphorus
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Introduction

The surface waters face two significant challenges: (i) the im-
pact of climate change and (ii) the inability to control diffuse
pollution sources effectively. Climate change has emerged as
a crucial factor affecting freshwater resources over the past
three decades, with meteorological and climatological events
playing a prominent role (Sen, 2020). Despite the constancy
of global water resources within the water cycle, managing
water quantity and quality has become increasingly difficult
in numerous locations due to changes in precipitation patterns,
surface runoff, and groundwater recharge worldwide
(Gorgtiner et al., 2019). According to the IPCC Sixth Assess-
ment Report (IPCC, 2022), the current 1.1°C warmer world
has led to more frequent heatwaves and droughts, with pro-
jected negative impacts on southern regions of Europe. In the
Western Mediterranean Region of Tiirkiye, temperatures have
risen, surpassing the country's average, accompanied by a de-
crease in annual and winter precipitation since the 1960s. Con-
sequently, the adverse effects of climate change on freshwater
resources and the water budget in this region are inevitable
(Sen, 2013; Ertiirk et al., 2014).

In the past two decades, the effectiveness of legislation and
regulations in addressing point source pollution in surface wa-
ter systems has increased, resulting in faster and easier miti-
gation measures. However, to further enhance water quality
and ensure compliance with water quality regulations, it is
crucial to identify and measure the sources of diffuse pollution
(DEFRA, 2002). Agricultural-derived nutrient pollution is the
most significant factor in water quality degradation in the
USA (Buckley and Carney, 2013). While there have been re-
cent improvements in water quality in European Union coun-
tries, many aquatic ecosystems remain at risk of eutrophica-
tion due to excessive concentrations of nitrogen (N) and phos-
phorus (P) (Udias et al., 2016). According to the National
Lakes Assessment Report, 20% of the 50,000 lakes examined
are impacted by nitrogen and phosphorus pollution (NAO,
2010).

The Turkish economy is primarily based on agriculture and
livestock activities. Diffuse source pollution accounts for
more than half of the total pollution loads, leading to eutroph-
ication issues in surface waters (Ayaz et al., 2021; 2022).

This study aims to initiate efforts to establish a simple eu-
trophication model system for a natural lake. In this context,

our contributions can be summarised as follows: (i) illustrat-
ing the lake's responses to future predictions and (ii) creating
a valuable tool for addressing various nutrient management
and climate change simulations. We have selected the
Koycegiz Lake basin as our case study area to achieve this.
Koycegiz Lake, located in the western Mediterranean region
of Tiirkiye, is part of a complex lagoon system known as the
Koycegiz-Dalyan Lagoon. This system is predominantly com-
posed of brackish water. Considering this characteristic and
the lake's classification as a meromictic lake (Kazanci et al.,
1992; Bayan et al., 1995), investigating the lake presents an
intriguing task. In recent decades, numerous studies have been
conducted on lagoon systems (Giirel, 2000; Ertiirk, 2002;
Tanik et al., 2005; Ekdal, 2008; Balloch, 2009; Ertiirk et al.,
2014; Giizel, 2020). Recently, Keskin (2019) conducted a
study on the eutrophication risk in a lagoon system and deter-
mined that total phosphorus (TP) is the limiting nutrient in
Koycegiz Lake. Another study by Taseli (2017), based on a
four-year monthly monitoring scheme from 2008 to 2011, cal-
culated TN/TP ratios greater than 20, leading to the conclusion
that TP is the limiting nutrient in the lake according to the Vol-
lenweider model (Vollenweider, 1976). The factors influenc-
ing the limiting nutrients in the lake include the loads trans-
ported through the basin by the streams and the nutrient con-
tent of the Eastern Mediterranean Sea (Levantine Basin). The
Eastern Mediterranean Sea exhibits a TN/TP mass ratio rang-
ing from 25 to 28, resulting in severe phosphorus limitation
for primary productivity in the Eastern basin (Krom et al.,
1991; Kress and Herut, 2001; Krom et al., 2005; Kocak et al.,
2010; Lazzari et al., 2016). The TN and TP loads calculated
by Tanik et al. (2005) indicate an approximate TN to TP load
ratio of 13, further confirming that phosphorus is the limiting
nutrient in Kdycegiz Lake.

These studies and several others not mentioned here clearly
indicate that no ecological model has been developed for
Koycegiz Lake, the largest waterbody in the system. Our
model aims to examine the eutrophication status of the lake
and employs a mechanistic modelling approach.

Material and Methods

Site Description

Koycegiz Lake, which is part of the Dalyan Lagoon system, is
a natural, meromictic lake located on the southwest coast of
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Tiirkiye, adjacent to the Mediterranean Sea (Kazanci et al.,
1992; Bayari et al., 1995). The key morphological parameters
describing the lake are presented in Table 1. It is a moderately-
sized lake, measuring 13 km in length, 2-6 km in width, with
an average depth of 25 m. The lake has a surface area of 55
km?. Based on salinity profile analysis, the boundary between
the upper layer (epilimnion) and lower layer (hypolimnion)
was determined at a depth of 6.5 m (Ertiirk, 2002). Monitoring
studies in the lake indicate that the average salinity of the ep-
ilimnion and hypolimnion is approximately 3 ppt and 10 ppt,
respectively (Giirel, 2000; Ozgiil, 2015; Karaca, 2020).

The lake collects surface water from 1011 km? (Figure 1-a).
The principal streams that discharge into the lake are Namnam
Creek, Yuvarlak Creek, and Kargicak Creek, with drainage
areas of 604 km?, 105 km?, and 43 km?, respectively.

According to TurkStat (a) (2018), the basin's population was
37,618 people. The basin encompasses three districts:
Koycegiz, Ula, and Ortaca (Figure 1-b). Among these, 86% of
the population of the Kdycegiz district and 25% of the Ula
district are located within the basin. In terms of area, the
Koycegiz district accounts for 63% of the basin, while the Ula
district comprises 27%. The remaining part is represented by
Mentese (5%) and Ortaca (4%) districts, which have a rela-
tively small area.

The land use distribution in the basin consists of 52% forest,
30% meadow and pasture, 17% agricultural areas, and 1%
other areas, including settlements (CORINE, 2018) (Figure 2).

Table 1. Characterising parameters of the lake

Due to its unique and significant ecosystem with a high spe-
cies diversity, the lake and its basin were designated as a Spe-
cial Environmental Protection Area (SEPA) by the Turkish
Government in 1988.

The basin experiences a typical Mediterranean climate with
hot and dry summers and mild and rainy winters.

Hydrological Investigation

The lake’s water budget, crucial for modelling studies, was
obtained from a previous study by Ertiirk et al. (2014). In that
study, the anticipated impact of climate change on the water-
shed was quantified at the hydrological process level. A hy-
drological model was developed using SWAT, which was cal-
ibrated and validated. Over the years, the average total flow
derived from this hydrological model was used to determine
the total surface runoff entering the lake from the basin. The
calculated amount of water reaching the lake from the basin
was 23.63 m® s™!. Estimations of future freshwater inflow were
performed using the basin's water yield trend equation
(mm/yr), as provided in Ertiirk et al. (2014).

Estimation of Phosphorus Loads

Given that TP is the limiting nutrient in the lake (Taseli, 2017;
Keskin, 2019), all calculations were explicitly conducted for
TP. The calculations of TP pollution loads were performed for
the years 1990, 2000, 2006, 2012, and 2018, corresponding to
the availability of CORINE land cover data. These calcula-
tions aimed to illustrate past trends and determine potential
future scenarios without any nutrient load mitigation
measures.

Parameter (unit) Abbreviation Koycegiz Lake
Area (km?) A 55
Volume of epilimnion (10° m?) Ve 356.6
Volume of hypolimnion (10° m?) Vu 389.6
Height of epilimnion (m) He 6.5
Height of hypolimnion (m) Hyu 11.1

The salinity of epilimnion (ppt) Sk 3
Salinity of hypolimnion (ppt) Su 10
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Figure 2. CORINE 2018 land cover map of the basin

Since 2002, a municipal wastewater treatment plant with nu-
trient (nitrogen and phosphorus) removal has been opera-
tional, treating wastewater from 95% of the population. Addi-
tionally, there have been no industrial discharges in the basin.
It can be assumed that nutrient emissions primarily originate
from diffuse sources. Although the wastewater treatment
plants effectively treat nutrients, a certain amount of TP load
is still discharged into the lake through the effluent. The TP
input from the municipal wastewater treatment plant was cal-
culated considering the TP removal performance of the plant,
the basin's population, the annual volume of treated
wastewater, and the treatment plant's capacity.

In this study, the primary diffuse pollutant sources in the basin
were classified as land use, agricultural activities (fertiliser us-
age), and livestock activities (Figure 3). The calculations were
conducted by considering the unit loads and emissions of TP
obtained from the literature (Table 2). Climatic conditions,
soil characteristics, population trends, agricultural practices,
and cultural factors significantly influence the unit loads. The
unit loads for each pollution source were selected based on
studies conducted in Tiirkiye (Giirel et al., 2011; Ayaz et al.,
2013; MoAF, 2018).

The land use distribution and the respective area values for
each land use activity were determined using the CORINE
land cover data. To estimate the loads originating from land
usage (natural activities), the following unit loads were uti-
lised: 0.05 kg TP/ha-year for forests, 0.1 kg TP/ha-year for
meadows, 0.5 kg TP/ha-year for urban areas, and 0.90 kg
TP/ha-year for rural areas (Giirel et al., 2011).

The yearly chemical fertiliser application data, measured in kg
P,0s/ha-year for different crop types, were obtained from the
Fertilizer Recommendation Guideline published by the Min-
istry of Agriculture and Forestry (MoAF, 2018). These data
were then evaluated with the corresponding years' CORINE
land cover data.

The number of livestock, including bovines and ovines, was
acquired from TurkStat (b) between 2004 and 2018. The ani-
mal unit loads were multiplied by the weight of the animals
to estimate the animal-based TP loads. For bovines, a unit
load of 18 kg TP/animal-year was used, while for ovines, a
unit load of 1 kg TP/animal-year was applied (Ayaz et al.,
2013).
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Regarding fertiliser application and livestock-based loads,
losses through leaching and surface runoff typically range
from 0.5% to 5% of the land-based TP amount, depending on
meteorological, climatic, geographical, and geological condi-
tions (Giirel et al., 2011). Since a 2.5% TP loss rate was deter-
mined to be suitable for Tiirkiye (Ayaz et al., 2017), this ratio
was utilised to calculate the TP amount reaching the receiving
water in this study.

To estimate the future point and diffuse TP loads, it was as-
sumed that the land use distribution and crop pattern would
remain unchanged in the basin. However, the logistic curve
method was employed to project the population, number of

Research Article

bovine livestock, and number of ovine livestock in the basin
(for further details, refer to Appendix A).

Travel Time in The Streams

The movement and transformation of nutrients during stream
transport must be considered, as nutrients are carried from
land-based activities to lakes through streams. The travel time
of nutrients in the streams was calculated to assess these con-
ditions. To accomplish this, the Manning formula was utilised
to formulate equations for the travel time of streams. The
equation for stream travel time, along with its derivation, can
be found in Appendix B. Consequently, the travel time (in
hours) of nutrients along the streams was determined.

-
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Figure 3. Methodology for estimation of diffuse TP pollution load




Aquat Res 6(3), 201-226 (2023) e https://doi.org/10.3153/AR23020

Research Article

Table 2. Unit loads and emissions for estimation of diffuse TP pollution load

Pollution Source Ac- From Soil to Re-

.. Unit Diffuse Unit Diffuse . . Data
tivity TP Loads TP Emissions ceiving Body Source Reference
(Ayaz et al.2017)
Land Use TP (kg/ha-year)
Forest 0.05 Giirel et al
Meadow and Pasture 0.1 - CORINE 2011 ’
Rural 0.90
Urban 0.50
Livestock TP (kg/animal-year)
Bovine
(=500 kg) 18 25% TurkStat Y32 &
. al., 2013
Ovine 1
(=45 kg)
Agriculture P20s (kg P20s/ha-year)*
Olive grove 90
Orchard- irrigated 120 MoAF,
Orchard-not irrigated 80 2:5% CORINE 2018
Crops-not irrigated 88
Crops-irrigated 100

*43% of P,0s amount is TP

The Lake Eutrophication Model System

The article aims to assess the trophic level of Kdycegiz Lake
in its current state and examine the potential changes in
trophic level over the next 10 years based on applied scenar-
ios. However, our objective is not to examine the annual vari-
ations in the lake's condition. In Tiirkiye, the trophic level of
a lake, mainly whether it is eutrophic or not, is determined ac-
cording to the Carlson Index, as specified in the regulations
(MoAF, 2021). To evaluate the impact of the applied scenar-
ios on the lake, it is necessary to assess the changes in the
Carlson Index. The Carlson Index calculates based on the av-
erage annual concentration values (Carlson 1977, Carlson and
Simpson 1996) without making a seasonal distinction. Addi-
tionally, Koycegiz Lake is a natural and mature lake, suggest-
ing that it is in an equilibrium state even if there are seasonal
fluctuations within the lake.

For these reasons, in this study, a simple eutrophication model
was developed for Koycegiz Lake using a steady-state ap-
proach, eliminating the need for dynamic modelling. The an-
nual average TP concentrations were calculated for the epi-
limnion and hypolimnion layers using the steps described be-
low.

Since water travel time in streams is generally within hours,
the retention and transformation of nutrients in the streams
were not considered in calculating diffuse TP loads at this
study stage. Instead, the streams were regarded as conduits
that collect and channel TP loads into the basin. Considering
the meromictic nature of the lake, the developed model in this
study consisted of two layers, namely the epilimnion and hy-
polimnion, characterised by stable stratification (Figure 4).
The condition of the epilimnion and hypolimnion layers and
the necessary morphological information for Kdycegiz Lake
were obtained from Ertiirk (2002).
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Figure 4. Schematic diagram of the lake

where

Qw= Freshwater inflow rate of the lake (m® day™"), Qp=Precip-
itation to the water surface (m® day'), Qg= Evaporation from
water surface (m® day™), Qu= Inflow from the Mediterranean
Sea (m® day™), Qo, i=Total outflow from the epilimnion (m’
day™), Qo,n=Total outflow from the hypolimnion (m* day™).

The estimation of the average annual inflow from the Medi-
terranean Sea into Koycegiz Lake and the diffusive transport
within the lake were conducted using the salt budget, based on
data from Kazanci et al. (1992) and Bayar et al. (1995) (de-
tails can be found in Appendix C). As mentioned earlier, TP

Epilimnion
0

Hypolimnion

was identified as the limiting nutrient in Koycegiz Lake
(Tageli, 2017; Keskin, 2019). Considering this, the TP mass
balance in the lake was solved using linear equations for the
steady-state condition.

Monitoring data provided by Giirel (2000) indicated that the
TP concentrations in the Mediterranean Sea were nearly the
same at the surface and bottom of the Dalyan Channel. Con-
sidering this, the TP concentration entering the lake from the
Mediterranean Sea through the Dalyan Channel was deter-
mined to be 65 pg L™, as reported in a recent study by Karaca
(2020).

The mass balance equations for TP can be expressed as fol-
lows.

Qoe=0Qw+Qp—0Qp+0Qy (1)
Qo,H = Qu ()
dPg Qu +Qor  Ysgk Qum Wee Egp(Py— Pg) 3)
—E-_ £ SE) . p oy Mop, p PE L CE

dt ( Vi Hp ) Ely, "HT v, Vi

dP, + ) E + E w, 4
g _ _ (QM Qor Vsk + E,H) Py + (QM E,H) P+ P.E 4)
dt Ve Hy ' Vg Ve Vy

dPy Y95y Agnu Qu Usu Wpy Qum Egn - (Pg — Py) &)

= ' Pp— (G-t Pyt T Py

At Hy Ag Ve T Hy Vg Vg Ve

dP £) A E 1) E w, - P, 6
_H:<£.ﬂ+ﬂ>.p5_(Q_M sn | Eony p | Wen  QuPu ©)
dt  \H, 4 'V, Ve T Hy Vg Vi Vi




Aquat Res 6(3), 201-226 (2023) e https://doi.org/10.3153/AR23020

Research Article

where

Pr= TP concentration in epilimnion (ug L), Py= TP concen-
tration in hypolimnion (ug L"), Py= TP concentration of Med-
iterranean Sea (ug L), vs, z= Settling velocity of epilimnion
layer (m d), vs, u= Settling velocity of hypolimnion layer (m
d™"), Ve= Volume of epilimnion layer (m®), Vy= Volume of
hypolimnion layer (m®), Hg= Height of epilimnion layer (m),
Hu= Height of hypolimnion layer (m), As=Surface are of the
lake (m?), A, 5= Interface area between epilimnion and hypo-
limnion layers (m?), Eg, y= Diffusive transport coefficient be-
tween epilimnion and hypolimnion layers (m® day™), Wp, g=
Land-based loads into epilimnion (g m™ d™'), Wp y= Land-
based loads into hypolimnion (g m™ d).

At steady-state conditions, the following equations were de-
rived using constant "a" for the transfer between the epilim-
nion and hypolimnion and between the hypolimnion and epi-
limnion:

aE'E'PE+aE,H'PH+WIP,E=O (7)

aH’E'PE+aH,H'PH+W,P’E+W’M:0 (8)

If we express it in matrix form and then multiply both sides by
-1 (inverting the matrix), we obtain our system matrix and the
constant vector.

gl (e)
age Ayl |Py] W'py W'y

W,P,E = W,T,PE (10)
Wipn+tWy=Wpy (11)
[aE,E aE,H] [PE] _ W'rpg x (1) (12)
aH,E aH,H PH W,T,PH

—QgEg _aE,H] [PE] W' ek (13)
_aH,E _aH,H PH - W,T,PH

. —agg —Agul\ _ [miagg miagy (14)
v ([_aH,E _aH,H]) - [miaH,E miaH,H]

PE]

_ [miagk miaE,H] W'z pE (15)
Py

miayg g miayy W’T’PH

Finally, the TP concentrations for the epilimnion (PE) and hy-
polimnion (PH) layers were calculated using the following
equations (Equations 16-17):

(16)

TS . o
Pg =miagg - W'rpp + miagy - W'rpy

(17)

— . . ! . . !
Py =miayp-W'rpg +miagy - W'rpy

The TP load is transported along the streams and enters the
epilimnion layer of the lake due to density differences between
the streams and the lake. The water densities of the streams in
the basin were calculated using the equations provided by Mil-
lero and Poisson in 1981 (Table 3). For this purpose, the
monthly average air temperatures for the period 2012-2022
from the Kdycegiz Station of the Turkish State Meteorological
Service (TSMS) were used to calculate the stream water tem-
peratures based on the relationship given by Stefan and
Preud’homme 1993. It can be stated that a significant portion
of the streams examined in the relevant reference has similar
basin sizes and flow rates to the streams in the Koycegiz Lake
basin, and they also show similarities in terms of climate char-
acteristics due to their latitude. The salinity level for the
streams was assumed to be zero, and in order to stay on the
most reliable side, it was assumed that there was no increase
in stream water temperatures due to climate change. On the
other hand, to determine the density of Koycegiz Lake, the
values for the lowest density of the lake given in August by
Kazanci et al. 1992 were used, and the density of Kdycegiz
Lake was calculated as 1000.36 kg m™. When considering this
value in the context of current conditions and climate change,
according to Mohamed et al. 2019, there was a temperature
increase of 0.038 °C per year in surface seawater temperatures
in the Levantine Basin between 1992 and 2018. Therefore, it
can be said that the sea surface temperature in the region has
increased by approximately 1 °C since 1992. When this in-
crease is reflected in the lake water temperature, the density of
the lake is calculated as 1000.045 kg m~. Consequently, the
meromictic condition of Kdycegiz Lake remains unaffected
by the increase in water temperature due to climate change and
the resulting change in lake density.
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Since total phosphorus is kinetically conservative, the only
loss mechanisms are outflow (already obtained through the
water balance) and settling velocity, which needs to be cali-
brated as a parameter. It is assumed that TP in the lake is trans-
ported solely through precipitation at different sedimentation
rates in the epilimnion and hypolimnion.

The model was calibrated by comparing the model results with
the surface and bottom layer TP concentrations measured in
the monitoring study published by Keskin (2019). Model cal-
ibration was achieved by adjusting the settling rates of the ep-
ilimnion and hypolimnion compartments. A spreadsheet-
based infrastructure was also developed for automatically
generating nutrient loads, the lake eutrophication model, and
its optimization-based calibration (Figure 5).

Model calibration was performed using nonlinear program-
ming, where the objective was to minimise the difference be-
tween the model results and field data. Following the calibra-
tion of the model, a validation study was conducted for the
epilimnion layer. It should be noted that the field data for the
years 2008-2011, provided in Taseli (2017), only pertained to
the lake's surface water. The calculated total loads for 2008-
2011 were utilised during the validation process.

Table 3. Estimated monthly densities of the stream’s water
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Results and Discussion
Estimation of TP Loads

Diffuse and point source TP loads from various activities were
estimated for 1990, 2000, 2006, 2012, and 2018 (Table 4).

The point source TP loads were regulated through the opera-
tion of municipal wastewater treatment plants starting in 2002.
The total point source TP load was calculated as 2.47 tons per
year in 2018, compared to 8.93 tons per year before the treat-
ment plant became operational. Tanik et al. (2005) estimated
the point source TP load of the lake as 1.88 tons per year in
2004. Despite the presence of the wastewater treatment plant,
the increase in the TP load can be attributed to the growing
population in the basin.

Diffuse pollution in the basin was assessed by considering TP
loads originating from agricultural activities (fertiliser usage),
livestock activities, and land use activities. To facilitate cali-
bration, the results from 2006 can be compared to those ob-
tained by Tanik et al. (2005). Their study determined the
amount of diffuse pollution to be 26.4 tons of TP per year us-
ing the MONERIS (MOdelling Nutrient Emissions into RIver
Systems) approach. It can be inferred that the unit loads and
assumptions were adequately appropriate for the case area
compared to the available literature.

l\;ll(l): ;’l;sa: f Mo; t(l:lcy)fl;f.rf 8¢ MTOTE:gl)y_:I:::rge Estimated density of the streams ¢ (kg m>) ¢
1 9.2 11.9 999.56
2 11.3 13.4 999.38
3 12.8 14.6 999.21
4 17.0 17.7 998.70
5 21.5 21.2 998.00
6 26.2 24.6 997.20
7 29.5 27.1 996.54
8 29.5 27.1 996.54
9 25.8 24.4 997.25
10 20.2 20.2 998.21
11 15.2 16.4 998.93
12 10.6 12.9 999.44

2 TSMS, Koycegiz Station, monthly average air temperature data between 2012-2022.

b: Calculation based on Stefan and Preud’homme, 1993.
¢: Calculation based on Millero and Poisson 1981.
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Input data for pollution loads
land use
district boundries
unit loads
livestock numbers
crop types Input data for TP mass balance
fertilizer recommendation data - inflows (Qw, Qu, Qs)
- outflows (Qq, Q)
- volume of the lake
surface arae of the lake
diffusion coefficient from lake
salinity model **
TP load

calculations”

LAKE MODE |_ Lake model parameters
fOI' TP - Sedimentation velocity

MASS BALANCE

Field data \ NO
- measured TP concentrations
Constraints A teri
- P relative error <0.05% 5;;;;;2;?
- Pyrelative error £0.05%
and
- Total relative error < 0.1%
Final set of
model results *: Details are in Figure 3, Table 2
**: Details are in Appendix C
Figure 5. Flow chart of the optimisation of the lake model for TP mass balance
Table 4. Point and diffuse TP pollution loads reaching the lake (ton/yr)
Source Diffuse Source Point Source
Type TP Loads (ton/yr) TP Load (ton/yr) TP Load (ton/yr)
Land use Agricultural Livestock Domestic Wastewat.er Total Diffuse Total Point
. . . . .. Treatment Plant Dis- Total
Activity Activity Activity Source Source

Years charge
1990 53 16.57 1.40 7.95 23.27 7.95 31.21
2000 53 16.70 3.30 8.93 25.33 8.93 34.26
2006 54 17.16 5.05 2.22 27.59 2.22 29.81
2012 54 17.16 6.00 2.28 28.56 2.28 30.84
2018 5.4 17.33 7.34 2.47 30.06 2.47 32.54
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Considering the findings, when examining the diffuse source
TP loads, it is evident that fertiliser usage (58%) and livestock
activities (24%) had a significant impact in 2018. Evaluating
the calculated diffuse source loads by year, it can be observed
that the total diffuse TP loads exhibited an increasing trend.

Comparing the estimated diffuse nutrient loads in this study
with the point sources, the results of the load calculations in-
dicated that diffuse pollution accounted for 92% of the TP dis-
tribution in the basin. Diffuse source TP loads were consider-
ably higher than the point source TP loads, which aligns with
the distribution calculated by Tanik et al. (2005). Both studies
emphasise that measures have been implemented to control
point sources, achieve the desired water quality in the lake,
and prevent eutrophication. However, insufficient actions
have been taken since 2004 to reduce diffuse pollution, high-
lighting the need for additional measures.

Travel Time in The Streams

An investigation of the streams, based on flow data and topo-
graphical information (main streams with high slopes), re-
vealed that the water travel time in the streams was mainly
within a range of hours, rarely exceeding a day (Table 5). As
a result, nutrient retention and transformation in the streams
should have been addressed at this study stage. Furthermore,
the streams were considered conduits that collect and channel
the phosphorus loads into the basin.

The longest travel time, 8 hours, was observed along Namnam
Creek, while the shortest travel time, 2 hours, was observed
along Kargicak Creek. Considering that over 50% of the basin
area belongs to Namnam Creek and that a significant portion

Table 5. TP travel time in the main streams of the basin
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of the pollution loads originates from the Namnam Creek ba-
sin, TP is transported through the streams hourly. A similar
approach was applied to modelling the basin in the study con-
ducted by Tanik et al. (2005).

The Lake Eutrophication Model System

A simple model system based on the phosphorus budget in
meromictic Kdycegiz Lake was successfully established and
calibrated (Table 6). The model calibration involved compar-
ing the yearly average TP concentrations in the epilimnion and
hypolimnion with the surface and bottom monitoring results
published by Keskin (2019). It was performed using an opti-
misation algorithm to minimise the steady-state model results
disparity. The calibration yielded satisfactory results, with a
total relative error of less than 1% for TP concentrations and
a relative error of 0.5% for each layer's TP concentration. The
calculated settling velocities were 0.092 and 0.005 for the ep-
ilimnion and hypolimnion layers, respectively.

The validation study results for the epilimnion indicate that
the calculated TP concentration was 35.16 ug L™, while the
measured concentration was 35.7 pg L' (Taseli, 2017), aver-
aging over four years. The model successfully estimated the
TP concentration within a range of +1-2% of the difference
for the epilimnion.

According to the Surface Water Quality Regulations (SWQR)
in Tiirkiye (MoAF, 2021) Annex-6, Table-9, if the Trophic
State Index (TSI) of TP falls between 52 and 62, the lake is
classified as eutrophic. Based on the model results, Kdycegiz
Lake was eutrophic in both layers, with TSI (TP) values of 56
for the epilimnion and 70 for the hypolimnion.

Length of creek Average width of the creek  Average velocity  Average travel time
(km) (m) (ms™) (h)
Namnam Creek 54 25 1.88 8
Yuvarlak Creek 21 14 1.24 5
Kargicak Creek 11 10 1.45 2
Sar16z Creek 5 10 0.37 4
Hamitkéy Creek 7 10 0.24 7
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Future Assessment of Eutrophication

The model, at this stage, proved to be satisfactory for investi-
gating and assessing the trophic state of Kdycegiz Lake in the
future, considering various influencing factors such as
changes in water budget due to climate change and alterations
in total TP load resulting from developments in the basin, in-
cluding population growth and expansion of the livestock sec-
tor.

Table 7 presents the estimated freshwater inflow from the ba-
sin into the lake and the point and diffuse TP loads. As ob-
served in Table 7, while total TP loads are expected to exhibit
a slight 4% increase due to anticipated developments in the
basin, it is predicted that freshwater inflow will experience a
significant decrease of 65% between 2018 and 2035, primarily
attributed to the regional impacts of climate change. Looking
ahead to the predicted changes between 2035 and 2095, total
TP loads continue to rise by 8%, whereas freshwater inflow
continues to decline by 28%.

When running the eutrophication model with the data pro-
vided in Table 7 for future projections, we obtained the yearly
average concentrations of epilimnion TP (PE) and hypolim-
nion TP (PH) in the lake (Table 8). The model was executed

Table 6. Model results

for three scenarios: Scenario A, where only the freshwater in-
flow changes; Scenario B, where only the TP load changes;
and Scenario C, where both freshwater inflow and TP loads
change.

In Figure 6, the TSI results illustrating the future eutrophica-
tion status of the lake are presented for the epilimnion (a) and
hypolimnion (b). Analysing the epilimnion situation between
the 2030s and 2090s, the calculated TSI values of 66 and 68
in Scenario A and 57 and 58 in Scenario B indicate that the
crucial factor determining the future eutrophication status in
the lake basin is the reduction in freshwater inflow caused by
climate change. Considering the combined impact in Scenario
C, the projected TSI values of 67 and 70 indicate a hyper-
trophic status (TSI>62).

The findings indicate that the hypolimnion would exhibit a
more severe hypertrophic status with significantly higher TSI
values. Between the 2030s and 2090s, the calculated TSI val-
ues were 78 and 81 in Scenario A, 70.6 and 71.5 in Scenario
B, and 79 and 82 in Scenario C, respectively. It was demon-
strated that for both layers, the impact of climate change, spe-
cifically the reduction in freshwater inflow, had a more pro-
nounced influence on the trophic state of Kdycegiz Lake com-
pared to the developments in the basin and the resulting point
and diffuse TP pollution.

Parameters Unit Abbreviation Model Result Field Data
Inflow from the Mediterranean Sea m’s’! Qum 2.63 -
Diffusive transport in the lake m’s’! B n 7.50 -
Outflow m’s’! Qo 28.06 -
Settling velocity in the epilimnion md’! Vs, & 0.028 -
Settling velocity in the hypolimnion md’ Vs.u 0.003 -
Total Phosphorus in the epilimnion ug L Pe 37.52 37.5
Total Phosphorus in the hypolimnion ug L Py 97.45 97.5

Table 7. Future freshwater inflow and TP loads

Years Freshwater Inflow (m?® s™) Point TP Load (ton yr) Diffuse TP Load (ton yr)
2030s 8.17 291 30.87
2040s 7.78 3.16 31.34
2050s 7.40 3.40 31.66
2060s 7.02 3.63 31.89
2070s 6.64 3.84 32.07
2080s 6.25 4.04 32.20
2090s 5.87 421 32.31
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Table 8. Future average TP concentrations in Kdycegiz Lake for different scenarios

Years Scenario A Scenario B Scenario C
Pe(ug L) Pu(ug L) Pe(ug L) Pu(ug L Pe(ug L) Pu(ug L)
2030s 71.62 173.11 38.78 100.26 75.56 184.05
2040s 75.93 182.65 39.51 101.87 79.96 191.60
2050s 77.84 186.89 40.08 103.13 83.15 198.67
2060s 79.85 191.35 40.54 104.16 86.29 205.63
2070s 81.96 196.04 40.94 105.04 89.43 212.62
2080s 84.25 201.12 41.27 105.78 92.68 219.82
2090s 86.61 206.35 41.56 106.41 95.93 227.03
85 85
80 80
70 70
265 :3 65
é 60 2
50 50
45 45
40 40
2030s 2040s 2050s 2060s 2070s 2080s 2090s 2030s 2040s 2050s 2060s 2070s 2080s 2090s
B Scenario A ScenarioB W Scenario ¢ = Eutrophication limit B Scenario A Scenario B MScenario C  — Eutrophication limit
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Figure 6. Different scenarios TSI results for the epilimnion (a) and hypolimnion (b)

Conclusions

Koycegiz Lake is at risk from two severe phenomena: (1)
changes in freshwater inflow due to climate change, and (2)
increasing agricultural and partially controlled livestock activ-
ities leading to diffuse pollution.

A successful model system has been developed and calibrated
to assess the TP concentration in K&ycegiz Lake. The model
provides results about future scenarios, including develop-
ment and climate change. The eutrophication model results in-
dicate that Kdycegiz Lake was already eutrophic in both lay-
ers in 2018. Given that Koycegiz Lake is a designated envi-
ronmental protection area, the objective should be to achieve
a trophic status better than eutrophic, preferably mesotrophic
(TSI (TP) < 52). However, the projected future situation sug-
gests that the lake's trophic status will be hypertrophic. The
model developed here is a simple model that requires fewer
parameters to understand the key factors driving eutrophica-
tion in the lake.

Consequently, the model developed here can serve as a man-
agement tool for decision-makers to select appropriate
measures in the basin to prevent eutrophication.
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Appendix A
Estimation of Future Population and Livestock

To estimate the population, number of bovine livestock and ovine livestock in the watershed, the logistic curve method was
used (Eq A.1).

where N is the number of variable of interest (population, number of bovine livestock and number of ovine livestock), t is the
time, 1 is the increase rate constant (1/time) and K is the quantity in numbers related to the variable of interest at saturation
(acting like a carrying capacity). Evaluation of Equation A.1 leads to a Bernoulli type of differential equation;

dN N (A.2)
E =r-N—r-N E

dN T (A.3)
— — . — . N2

it r-N X N

dN r (A.4)
—_— . - —_—_.N2

it r-N X N

which can be solved for the initial condition (t=0, N=N_0). Setting an integration as given in Equation A.5, the general solution
is as given in Equation A.7.

I(t) = exp <(1 —-2) f —r-dt) = exp (—1 . f —r-dt) = exp (1 -r-fdt) =exp(r-t) (A-3)

N-l=%-<—I<—%-I(t)>-dt+s>=exp(+t)-(—f(—%-exp(r-t))-dHS)=

1 (%-J.(exp(r ) dt +S) _ 1 <% exp(r-t) +S>

exp(r-t) ' exp(r-t) '

r
1 T exp(r-t) S 1 S (A.6)
exp(r-t) K r exp(r-t) K + exp(r-t)
1 S -1 1 (A7)
-1y-1 _ (= —
(V=5 _(K+exp(r-t)) =N S

1
?-I_exp(r-t)

where S is the integration constant to be determined using the initial conditions (Equation A.8 - Equation A.12).

218



Aquat Res 6(3), 201-226 (2023) e https://doi.org/10.3153/AR23020 Research Article

N°_1+ 15 :115 (A.8)
K " exp(r-0) K

Nt’@”):l (A.9)

%J“NO'S:l (A.10)

No-5 = _% (A.11)

s:l_%:i_ Nf) 11 (A.12)

Substituting the right side of Equation A.12 into Equation A.7 (Equation A.13) yields the desired solution N as a function of
time (Equation A.14);

1 1 (A.13)
A R S W |
K " exp(r-t) l+ Ny K
K " exp(r-t)
1 A.14
N(t) = e (A.14)
ep(ret) Wy !
K-exp(r-t) K-exp(r-t)
_ 1
exp(r-t)+N£—1
0
K -exp(r-t)
_ K-exp(r-t)
o K
exp(r-t)+N—O—1
K-exp(r-t A(15
N(E) = p(r-1t) (15)

exp(r-t)+N£—1
0

Equation A.15 has two parameters (1,K) to be adjusted for the desired variable. For the adjustment of parameters, Excel solver
(option non-linear gradient programming) was used where the sum of the absolute values of the differences between the esti-
mated values of the variables by Equation A.15 and the data served as the goal function to be minimized.

To adjust (r,K) for the population, data in Table A.1 was used. The details of parameter adjustments and the estimations are
given Table A.2, the goodness of fit with the population data is given Figure A.1 and the future estimate of population is given
Figure A.2. For population, r was adjusted as 0.0193 where K was adjusted ad 80830.
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Table A.1 Population data

Year Population (person)
1990 27213
2000 30595
2006 33723
2008 33873
2009 34160
2011 34524
2012 34723
2018 37618
2020 39178
Table A.2 Intermediate results for population logistic-curve parameter adjustment
Years . Estimated
passed from | Population . .
Year | °. .. population Relative error
initial year (person) (person)
(1990) P
1990 0 27213 - -
2000 10 30595 30793 0.006479063
2006 16 33723 33025 0.020691423
2008 18 33873 33780 0.002731337
2009 19 34160 34160 1.75216E-06
2011 21 34524 34922 0.011533759
2012 22 34723 35305 0.016756951
2018 28 37618 37618 2.93564E-07
2020 30 39178 38394 0.020012608
y=0.96x+ 1307.21
R?=0.98
H000 gommmmm s T N LT . L 1
39000 4 - - - - dmme- Fommmdmm e Fommms - — e b oo i emmmi
L e
| | | | | B i
L R e e Y
§ 35000 L -~ S O S A SR SO
3 A A
2 33000 +---- H4——--=- Fo— - ——— DA P [ - ———— 1
3 | | | o | | | '
z A
§ 31000 oo oo b
20000 - - - = o wpft oo h b
e e
25000 : : : : : : : =;
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Population

Figure A.1 Goodness of fit of the adjusted parameters r and K for population
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Figure A.2 Estimated population for the future

To adjust (1, K) for the bovine livestock, data in Table A.3 was used. The details of parameter adjustments and the estimations
are given Table A.4, the goodness of fit with the bovine livestock data is given Figure A.3 and the future estimate of bovine
livestock is given Figure A.4. For bovine livestock, r was adjusted as 0.0753 where K was adjusted ad 17045.

Table A.3 Bovine livestock data

Year Bovine livestock
2004 9062
2005 9098
2006 10044
2007 9435
2008 10289
2009 10719
2010 10811
2011 11210
2012 11883
2013 13404
2014 12091
2015 11890
2016 12847
2017 12505
2018 14490
2019 13268
2020 14181
2021 12745
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Table A.4 Intermediate results for bovine livestock logistic-curve parameter adjustment

Years passed Bovine Estimated
Year | from initial year livestock Bovine Relative error
(2004) livestock
2004 0 9062 9062 -
2005 1 9098 9381 0.031125673
2006 2 10044 9697 0.034522646
2007 3 9435 10010 0.06091739
2008 4 10289 10319 0.002969657
2009 5 10719 10623 0.008925944
2010 6 10811 10922 0.010258963
2011 7 11210 11214 0.000304194
2012 8 11883 11499 0.032299272
2013 9 13404 11777 0.121408298
2014 10 12091 12047 0.003612329
2015 11 11890 12309 0.035209079
2016 12 12847 12562 0.022176758
2017 13 12505 12806 0.024080456
2018 14 14490 13042 0.099979941
2019 15 13268 13268 2.52913E-07
2020 16 14181 13484 0.049100834
2021 17 12745 13692 0.074313729
y=0.81x+2113.07
R*=0.86
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Figure A.3 Goodness of fit of the adjusted parameters r and K for bovine livestock
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Figure A.4 Estimated population for the bovine livestock

To adjust (r, K) for the ovine livestock, data in Table A.5 was used. The details of parameter adjustments and the estimations
are given Table A.6, the goodness of fit with the bovine livestock data is given in Figure A.5, and the future estimate of bovine
livestock is given Fin igure A.6. For bovine livestock, r was adjusted as 0.0309 where K was adjusted ad 87308.

Table A.5 Ovine livestock data

Year Ovine livestock
2004 20892
2005 17937
2006 19038
2007 18481
2008 18271
2009 18512
2010 18708
2011 22046
2012 23470
2013 27754
2014 33627
2015 27802
2016 31640
2017 24649
2018 29310
2019 27891
2020 32098
2021 30317
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Table A.6 Intermediate results for ovine livestock logistic-curve parameter adjustment

Years passed from Ovine Estimated
Year the initial year livestock | ovine livestock Relative error
(2004)
2004 0 20892 20892 -
2005 1 17937 21387 0.192366723
2006 2 19038 21890 0.14977748
2007 3 18481 22401 0.212062638
2008 4 18271 22919 0.254388968
2009 5 18512 23445 0.266501626
2010 6 18708 23979 0.281767
2011 7 22046 24521 0.112222723
2012 8 23470 25069 0.068121318
2013 9 27754 25625 0.076695595
2014 10 33627 26188 0.221212947
2015 11 27802 26758 0.037548311
2016 12 31640 27335 0.13606299
2017 13 24649 27919 0.132660826
2018 14 29310 28509 0.027322236
2019 15 27891 29106 0.043549127
2020 16 32098 29708 0.074453975
2021 17 30317 30317 3.11915E-09
y = 0.45x+ 14409.13
R*=0.70
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Figure A.5 Goodness of fit of the adjusted parameters r and K for ovine livestock
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Figure A.6 Estimated population for the ovine livestock

Estimated population, bovine livestock and ovine livestock for the future are given in tables A.7, A.8 and A.9, respectively

Table A.7 Estimated population for the future

Year Population
2035 (representing 2030’s) 44221
2045 (representing 2040’s) 48034
2055 (representing 2050’s) 51711
2065 (representing 2060’s) 55196
2075 (representing 2070’s) 58444
2085 (representing 2080’s) 61426
2095 (representing 2090’s) 64124

Table A.8 Estimated bovine livestock for the future
Year Bovine livestock
2035 (representing 2030’s) | 15705
2045 (representing 2040’s) 16386
2055 (representing 2050°s) | 16728
2065 (representing 2060’s) 16894
2075 (representing 2070’s) | 16973
2085 (representing 2080’s) 17011
2095 (representing 2090’s) 17029
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Table A.9 Estimated ovine livestock for the future
Year Ovine livestock
2035 (representing 2030’s) | 39335
2045 (representing 2040°s) | 46065
2055 (representing 2050’s) | 52681
2065 (representing 2060’s) 58890
2075 (representing 2070°s) 64469
2085 (representing 2080°s) | 69288
2095 (representing 2090’s) 73311

Appendix B
Travel time in the streams

Manning equation is given in Equation B.1

(B.1)

(B.2)

where 9= cross-sectional average velocity (ms™), J= slope, R= hydraulic radius (m), Q= Flow of the stream (m’s™'), A= cross-
sectional area (m?), n= Manning's Roughness Coefficient.

B.3
Q= ﬂ . R% -D-W ( )
n
< :g (B.4)
_wp (B.5)
W + 2D
D<<W (B.6)
W + 2D~W (B.7)
R= WM'/D ~D (B.8)
R=D (B.9)
Q I =2 (B.10)
W= PP
Q_I 8 (B.11)
W n

The depth of the water channel (D) is considered much less than the width of the water channel (W) (Equation B.4-6), and the
hydraulic radius is approximated by the depth of the water channel (Equation B.7-9). The Manning equation was applied by
accepting that the roughness coefficient n was constant (n=0.035 for natural streams) and did not change along the stream.
Using Equation B.10 results in the depth of the water channel (Equation B.11); subsequently, all these equations were substi-
tuted in Equation B.1, and the final equation to calculate the stream’s average velocity (m-s-1) was obtained.
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Appendix C
Salt Mass Balance

It has been accepted that there is only diffusion in terms of transport mechanism, the Mediterranean Sea water entering the
hypolimnion layer comes out of the epilimnion layer, and yearly average evaporation and precipitation is equal in the lake.

The salinity of the Mediterranean Sea (Swm) at the lake’s entrance was taken as 30 ppt . While the average salinity of the lake at
the epilimnion (Sg) is 3 ppt, it is 10 ppt at the hypolimnion (Sg).

Defining the terms as Qw= Total inflow from the basin (m*d™"), Qp= Flow from precipitation (m*d™"), Qe= Flow from evaporation
(m*d™"), Qu= inflow from Mediterranean Sea (m>d™"), Qo= Total outflow from the basin (m*d™"), Sg= Salinity of the epilimnion
(ppt), Sy=Salinity of the hypolimnion (ppt), Sv=Salinity of the Mediterranean Sea (ppt), Egz= Diffusion from hypolimnion to
epilimnion (m*d™"), Equations C.1 to 10 are written;

Qp=0Qw+Qp—0Qg (C.1)
Qo =0Q',+0Qu (C.2)
Qo =0Qw +0Qp—0Qp+0Qun (C.3)
das C4
d—tE=QM'SH_QO'SE+EE,H'(SH—5E) €4
as C.5
d—tH:QM'SM—QM'SH+EE,H'(SE—SH) (€3)
Qu Sy—Q o Sg—Qu Sg+Egy-(Sy—Sg) =0 (C.6)
Sy —Sg)Qu + (Su—Sg) "Egn = Q' Sk (C.7)
Sy —Su) Qu+ (Sg—Sy) Egy =0 (C.3)
(SM - SH) Qu = (SH - SE) ’ EE,H (C9)

_Su—Su (C.10)
Egpy = —SH —s, Qum

! Giirel, M. (2000). Nutrient dynamics in coastal lagoons: Dalyan Lagoon case study. [dissertation]: ITU.
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Introduction

The Aulopidae family consists of fifteen valid species, of
which only one is in the Mediterranean (Froese & Pauly,
2023). Royal flagfin, Aulopus filamentosus (Bloch, 1792), is
a marine demersal fish at 50-1000 m depths, usually 100-200
m (Froese & Pauly, 2023).

It is distributed from Morocco to Mauritania, Madeira and
Canaries, Senegal, the western central Atlantic, the Gulf of
Mexico and the Caribbeans, and recorded from the Mediter-
ranean (Golani et al., 2006; Froese & Pauly, 2023).

In the central Mediterranean Sea, some records of 4. filamen-
tosus have been documented from off Tunisia (Bradai et al.,
2004; Ben Souissi et al., 2010; Karachle et al., 2015), Libya
(Al-Hassan & El-Silini, 1999; Elbaraasi et al., 2019), and the
Adriatic Sea (Dulci¢, 2006).

In the eastern Mediterranean, A. filamentosus from Turkish
waters of the Mediterranean Sea was reported first in 1954
(Aksiray, 1954), and then, this species has been listed only by

S

name on various checklists (Golani, 1996; Saad, 2005; Papa-
constantinou, 2014; Bilecenoglu et al., 2014; Akel & Kara-
chle, 2017; Bariche and Fricke, 2020). However, few studies
on this species confirmed, as shown in Table 1. This paper
provides an additional record of rare A. filamentosus from the
Aegean and the eastern Mediterranean Sea.

Material and Methods

On 22 March 2023, three specimens (two males and one
female) of Aulopus filamentosus (Figure 1) were cap-
tured by anglers off Sigacik Bay, Izmir (coordinates:
38°07'16"N and 26°51'46"E), at a depth of 220 m (Fig-
ure 2). The bait was Mediterranean mud shrimp. Mor-
phometric measurements were recorded to the nearest
millimetre on fresh specimens. The specimens were pre-
served in 6% buffered formalin and deposited in the Ich-
thyological Collection of the Fisheries Faculty, Ege Uni-
versity, under the ESFM-PIS/2023-01 catalogue num-
ber.

i e S —
—— = W

T R T : ermn - e L e T L T,
dcmi g/1g Sm i) 80 10 11 12 13 14 15 16 17 18 19 20 21'22 23 24 25 25 27 28 29 30

Figure 1. Male (above) and female (below) Aulopus filamentosus specimens caught from Sigacik Bay, [zmir, southern Aegean

Sea
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Table 1. Successive confirmed records of Aulopus filamentosus in the eastern Mediterranean Sea

Location Depth Record Date Number Size References

(m) collected (TL, mm)
Gokova Bay, SE Aegean Sea ? July 2003-Mar.2004 ? ? Ozi¢ & Y1lmaz (2006)
Babakale, NE Aegean Sea ? Feb.2005 1 440 Ismen et al. (2006)
Anywhere, SE Aegean Sea 30-225 Oct.-Dec.2011 11 237-328 Yapici et al. (2015)
Mersin Bay, NE Med. 184 23 June 2015 3 230-290 Ergiiden et al. (2018)
Gokgeada, NE Aegean Sea 150 4 Feb. 2017 1 369 Daban et al. (2017)
Sigacik Bay, SE Aegean Sea 220 22 March 2023 3 255-310 This study
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Results and Discussion

The specimen was measured to the nearest millimetre (Table
2). A. filamentosus shows distinct sexual dimorphism that
males have elongated dorsal rays. Also, an adipose fin is pre-
sent, a conical head with large eyes whose diameter is half
the head depth. All determined measurements and colour pat-
terns are in accordance with the descriptions of Golani et al.
(2006), Ismen et al. (2006), Ergiiden et al. (2018) and Froese
& Pauly (2023).

According to successive records, its population tends to rise
in the eastern Mediterranean. Thus, the certain record number
has reached at least twenty specimens in the Turkish seas.

Though the sporadic occurrences of this species in the Ae-
gean Sea do not indicate an established population for the
time being, it signs that it is becoming abundant.

Conclusion

The occurrence of 4. filamentosus is probable to increase
where deep-sea fishing is. Bio-ecology of this fish is not well-
known due to its rarity, so further records are needed to un-
derstand better the life cycle of A. filamentosus in the Medi-
terranean. This ichthyologic note presents the incidental catch
of A. filamentosus from a recreational angler from the south-
eastern Aegean Sea. At the same time, it is the fifth substan-
tiated record of 4. filamentosus from the Aegean Sea.

Table 2. Morphometric measurements and percentages of total length (TL%) of three speci-
mens of Aulopus filamentosus, captured from Sigacik Bay, southern Aegean Sea

Sex Male Male Female
Morphometrics mm TL% mm TL% mm TL%
Total length (TL) 310 285 255

Standard length (SL) 260 83.9 248 87.0 215 84.3
Fork length (FL) 281 90.6 258 90.5 224 87.8
Predorsal length 101 32.6 88 30.9 78 30.6
Preanal length 191 61.6 172 60.4 151 59.2
Prepectoral length 83 26.8 75 26.3 65 25.5
Maximum body depth 50 16.1 38 13.3 32 12.5
Preorbital length 22 7.1 19 6.7 18 7.1
Interorbital length 15 4.8 14 4.9 12 4.7
Head length 80 25.8 72 253 63 24.7
Eye diameter 18 5.8 17 59 16 6.3
Counts

Dorsal fin 15 15 15

Anal fin 11 11 11
Pelvic fin 9 9 9
Pectoral fin 13 13 13
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ports or an equivalent official document will be requested
from the authors.

For manuscripts concerning experimental research on hu-
mans, a statement should be included that shows the writ-
ten informed consent of patients and volunteers was ob-
tained following a detailed explanation of the procedures
that they may undergo. Information on patient support, the
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name of the ethics committee, and the ethics committee
approval number should also be stated in the Materials and
Methods section of the manuscript. It is the author’s re-
sponsibility to protect the patient’s anonymity carefully.
For photographs that may reveal the identity of the pa-
tients, signed releases of the patient or their legal repre-
sentative should be enclosed.

“AQUATIC RESEARCH” journal requires experi-
mental research studies on vertebrates or any regulated in-
vertebrates to comply with relevant institutional, national,
and/or international guidelines. The journal supports the
principles of the Basel Declaration (https://animalre-
searchtomorrow.org/en) and the guidelines published by
the International Council for Laboratory Animal Science
(ICLAS) (https://iclas.org/). Authors are advised to state
their compliance with relevant policies clearly.

“AQUATIC RESEARCH” journal advises authors to
comply with the IUCN Policy Statement on Research
Involving Species at Risk of Extinction and the Con-
vention on the Trade in Endangered Species of Wild
Fauna and Flora for research involving plants.

Plagiarism

Submitted manuscripts that pass preflight are scanned for
plagiarism using iThenticate software. Authors will be no-
tified if plagiarism/self-plagiarism is detected. Editors can
resubmit the article for any peer review or similarity check
during production, if necessary. High similarity scores can
cause a report to be rejected before or even after it is ac-
cepted. Depending on the type of article and the percent-
age of similarity scores from each article, the overall sim-
ilarity score is generally expected to be less than 20%.

Double-Blind Referee Evaluation

After the plagiarism check, the editors evaluate the appro-
priate ones in terms of originality, methodology, the im-
portance of the subject, and suitability to the journal's
scope. The editor directs the submitted articles to a fair
double-blind peer review (presents the articles that comply
with official rules to at least two national/international ref-
erees for evaluation) and approves by managing the pro-
cesses for publication after the authors modify them by the
referees' rules.
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Open Access Statement

The journal is open-access; all its content is freely availa-
ble to the user or institution. Users are permitted to read,
download, copy, print, search, or link the full texts of arti-
cles in this journal without prior permission from the pub-
lisher or author. This conforms to the Budapest Open Ac-
cess Initiative (BOAI) 's definition of open access.

Open-access articles in the journal are licensed under the
terms of the Creative Commons Attribution 4.0 Interna-
tional (CC BY 4.0) license.

Article Processing Fee

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for
submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain copyright to
their work licensed under a Creative Commons Attribu-
tion 4.0 International license (CC BY 4.0) (https://crea-
tivecommons.org/licenses/by/4.0/), and Publisher main-
tains the exclusive right to publish the work. The CC BY
4.0 license permits unlimited distribution and reproduc-
tion in any medium, provided the original work is properly
cited.

The copyright of any open-access article in the
"AQUATIC RESEARCH" journal published on the
"ScientificWebJournals" web  portal hosted by
"DergiPark" belongs to the author(s).

Author's Responsibilities
Reporting Standards

Authors should present an accurate account of the work
performed and an objective discussion of the significance
of the reports of original research. Underlying data should
be represented accurately in the paper. The Manuscript
should contain sufficient detail and references to permit
others to replicate the work. Fraudulent or knowingly in-
accurate statements constitute unethical behaviour and are
unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection
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with a paper for editorial review. They should be prepared
to provide public access to such data (consistent with the
ALPSP-STM Statement on Data and Databases).

Originality and Plagiarism

The authors should ensure that they have written entirely
original works, and if they have used the work and/or
words of others, they should be appropriately cited or
quoted.

By submitting articles to the "AQUATIC RESEARCH"
journal, the author attests to the following:

e Proper reference is provided for all contents ex-
tracted from other sources

o Strong action will be taken against cases of plagia-
rism

e All the papers submitted have to pass through an in-
itial screening and will be checked through the Ad-
vanced Plagiarism Detection Software (iThenticate,
etc.).

Multiple, Redundant, or Concurrent Publication

Authors should only publish manuscripts describing the
same research in one journal or primary publication. Sub-
mitting the same manuscript to multiple journals concur-
rently constitutes unacceptable publishing behaviour.

Acknowledgement of Sources

Proper acknowledgement of the work of others must al-
ways be given. Authors should cite publications that have
influenced the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have contrib-
uted significantly to the conception, design, execution, or
interpretation of the reported study. All those who have
made significant contributions should be listed as co-au-
thors. Where others have participated in certain substan-
tive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropri-
ate co-authors and no inappropriate co-authors are in-
cluded in the paper and that all co-authors have seen and
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approved the article’s final version and have agreed to its
submission for publication.

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures, or equipment
with any unusual hazards inherent in their use, the author
must identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any finan-
cial or other substantive conflicts of interest that might be
construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project
should be disclosed.

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in their published work, the author must promptly notify
the journal editor or publisher and cooperate with the edi-
tor to retract or correct the paper.

Responsibility for the Editor and Reviewers
General duties and responsibilities of the editor;

e Actively seek the views of authors, readers, review-
ers, and editorial board members about ways of im-
proving their journal’s processes

e Encourage and be aware of research into peer re-
view and ‘journal logs’ and reassess journal pro-
cesses in the light of new findings

e Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g., designers, lawyers), and adequate training to
perform their role professionally and raise the qual-
ity of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics
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e Assess the effects of their journal policies on author
and reviewer behaviour and revise policies, as re-
quired, to encourage responsible behaviour and dis-
courage misconduct

e Ensure that any press releases issued by the journal
reflect the message of the reported article and put it
into context

Duties of Reviewers

Contribution to Editorial Decisions: Peer review assists
the editor in making editorial decisions and, through edi-
torial communications with the author, may also assist the
author in improving the paper.

Promptness: Any selected referee who feels unqualified
to review the research reported in a manuscript or knows
its prompt review will be impossible should notify the ed-
itor and excuse himself from the review process.

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorised
by the editor.

Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgement of Sources: Reviewers should iden-
tify relevant published work that the authors have not
cited. Any statement that an observation, derivation, or ar-
gument had been previously reported should be accompa-
nied by the appropriate citation. A reviewer should also
call to the editor's attention any substantial similarity or
overlap between the manuscript under consideration and
any other published paper they know personally.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles with conflicts of interest
arising from competition, cooperation, or other relation-
ships or affiliations with any authors, companies, or insti-
tutions affiliated with the articles. They should withdraw
from the peer review process.
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Rules that Authors Must Follow in Submitting Articles

All submissions are screened by similarity detection
software. The similarity rate in the articles sent to the
journal should be below 20%.

In the event of alleged or suspected research miscon-
duct, e.g., plagiarism, citation manipulation, and data
falsification/ fabrication, the Editorial Board will fol-
low and act by COPE guidelines.

Everyone listed as an author should fulfil the author-
ship criteria recommended by the ICMJE. The IC-
MUIJE suggests that authorship be based on the follow-
ing four criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work; AND

2. Drafting the work or revising it critically for im-
portant intellectual content; AND

3. Final approval of the version to be published;
AND

4. Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

In addition to being accountable for the parts of their
work, an author should be able to identify which co-
authors are responsible for specific aspects of the work.
In addition, authors should have confidence in the in-
tegrity of the contributions of their co-authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria
should be identified as authors. The manuscript's title
page should acknowledge those meeting only some of
the four standards.
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“AQUATIC RESEARCH?” journal requires corre-
sponding authors to submit a signed and scanned ver-
sion of the copyright transfer, ethics, and authorship
contribution form (available for download at

https://dergipark.org.tr/en/download/journal-
file/19583)

during the initial submission process, act appropriately
on authorship rights and prevent ghost or honorary au-
thorship. If the editorial board suspects a “gift author-
ship” case, the submission will be rejected without fur-
ther review. As part of the submission of the manu-
script, the corresponding author should also send a
short statement declaring that they accept to undertake
all the responsibility for authorship during the submis-
sion and review stages of the manuscript.

“AQUATIC RESEARCH?” journal requires and en-
courages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To declare a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. The journal's Editorial Board
resolves cases of a potential conflict of interest be-
tween the editors, authors, or reviewers within the
scope of COPE and ICMJE guidelines.

Authors must obtain permission from the copyright
holder when using previously published content, in-
cluding figures, tables, or any other material in both
print and electronic formats. Legal, financial, and
criminal liabilities belong to the author(s).

Statements or opinions expressed in the manu-
scripts published in the “Aquatic Research” jour-
nal reflect the views of the author(s) and not the
opinions of the editors, the editorial board, or the
publisher, who disclaim any responsibility or liabil-
ity for such materials. The final responsibility re-
garding the published content rests with the au-
thors.
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Manuscript Preparation

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation sys-

tem, available at http://dergipark.gov.tr/jour-
nal/2277/submission/start.

Manuscripts submitted to the journal will first go
through a technical evaluation process. The editorial of-
fice staff will ensure the manuscript has been prepared
and submitted by the journal’s guidelines. Submissions
that do not conform to the journal’s guidelines will be
returned to the submitting author with technical correc-
tion requests.

Authors are required to submit the following forms dur-
ing the initial submission.

e Copyright Transfer, Ethic, Authorship Contri-
bution Forms (one pdf file available from
https://dergipark.org.tr/en/download/jour-
nal-file/19583)

e ICMIJE Potential Conflict of Interest Disclo-
sure Form (should be filled in by all contrib-
uting authors) Download this form from
http://www.icmje.org/conflicts-of-interest/  fill
and save. Send this to the journal with your other
files.

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (word of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
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Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organisations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document and evaluate the study
at the editorial board and decide whether or not it needs
approval.

Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

e Disclosure: Explanations about your scientific / article
work that you consider ethically important.
References
Tables (all tables given in the main text)
Figures (all figures/photos given in the main text)

Manuscript Types

Original Articles: This is the most important type of
article since it provides new information based on orig-
inal research. The main text should contain “Intro-
duction”, “Materials and Methods”, “Results and
Discussion”, “Conclusion”, “Compliance with Ethi-
cal Standards”, and “References” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
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must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).

Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted in the form of a
“Short Communication” Readers can also present
their comments on the published manuscripts in the
form of a “Short Communication”. The main text
should contain “Introduction”, “Materials and
Methods”, “Results and Discussion”, “Conclu-
sion”, “Compliance with Ethical Standards”, and
“References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20
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Tables

Tables should be included in the main document and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of'the word processing software and arranged clearly
to provide easy reading. Data presented in the tables
should not be a repetition of the data presented within
the main text but should support the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in
main document WORD files (in JPEG or PNG format)
through the submission system. Any information within
the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear
in resolution and large (minimum dimensions: 100 % 100
mm). Figure legends should be listed at the end of the pri-
mary document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

All references, tables, and figures should be referred to
within the main text and numbered consecutively in the
order they are referred to within it.

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.

AQUATIC
RESEARCH

E-ISSN 2618-6365

References

Reference System is APA 6th Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
number, appears only in a citation to a direct quotation.

....(Bhujel, 2014).

....(Mol & Erkan, 2009).

....(Alofa et al., 2023).

....(Mol & Erkan, 2009; Bhujel, 2014; Alofa et al., 2023).

Citations for a Reference Section:

An article

Alofa, C.S., Olodo, 1.Y., Chabi Kpéra Orou Nari, M.,
Abou, Y. (2023). Effects of the fresh and dried housefly
(Musca domestica) larvae in the diets of Nile tilapia
Oreochromis niloticus (Linnaeus, 1758): growth, feed
utilisation efficiency, body composition, and biological
indices. Aquatic Research, 6(1), 1-10.
https://doi.org/10.3153/AR23001 (if DOI number has)

A book in print

Bhujel, R.C. (2014). A manual for tilapia business. CABI
Nosworthy Way Wallingford Oxfordshire OX10 8DE
UK, 199 p. ISBN 978-1-78064-136-2.

Vil

https://doi.org/10.1079/9781780641362.0000 (if DOI number has)

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, U.K., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https://www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).
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Revisions

When submitting a revised version of a paper, the au-
thor must submit a detailed “Response to the review-
ers” that states point by point how each issue raised
by the reviewers has been covered and where it can
be found (each reviewer’s comment, followed by the
author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the
main document. Revised manuscripts must be sub-
mitted within 15 days from the date of the decision
letter. If the revised version of the manuscript is not
submitted within the allocated time, the revision op-
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tion may be cancelled. If the submitting author(s) be-
lieve that additional time is required, they should re-
quest this extension before the initial 15-day period
is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled is-
sue. A PDF proof of the accepted manuscript is sent
to the corresponding author, and their publication ap-
proval is requested within two days of their receipt of
the proof.
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