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ABSTRACT 

Salt is widely recommended as a cost-effective and readily available compound against freshwater 
fish parasites in aquaculture; however, a limited number of studies provide scientific evidence re-
garding the efficacy of salt use despite its frequent use as an anti-parasitic in fish culture. Dactylo-
gyrus is a severe gill parasite, causing considerable losses in freshwater aquaculture. The current 
study aimed to evaluate the anti-parasitic efficacy of salt against Dactylogyrus extensus in Cyprinus 
carpio. In vitro, mortality of D. extensus showed time- and concentration-dependent patterns. In 
vivo, the anti-parasitic effectiveness of salt to D. extensus was assessed at 23.56% after exposure 
to salt at a concentration of 1.25 g/L for 10 min. Anti-parasitic efficacy of salt in short-term appli-
cation in carp can be categorised between slight and mild against monogenean, D. extensus. 

Keywords: Carp, Cyprinus carpio, Salt, Antiparasitic efficacy, Dactylogyrus extensus 

  Aquatic Research 7(1), 1-7 (2024) • https://doi.org/10.3153/AR24001                                     Research Article 

 

https://orcid.org/0000-0001-6567-7467
https://orcid.org/0000-0001-6567-7467
mailto:yavuzcan@ankara.edu.tr
http://aquatres.scientificwebjournals.com/
https://creativecommons.org/licenses/by/4.0/


Aquatic Research 7(1), 1-7 (2024) • https://doi.org/10.3153/AR24001  Research Article 

2 

Introduction 
Intensive aquaculture has provided suitable conditions for 
spreading parasitic diseases because of the negative interac-
tion among the parasite, host and water environment 
(Jerônimo et al., 2012). A higher incidence of parasites is one 
of the predisposing factors in developing disease outbreaks, 
leading to increased risk of sustainable aquaculture. Parasites 
have adverse effects on cultured fish species, resulting in high 
mortality rates, retardation in growth and impaired welfare. 
Parasitic infections also increase secondary bacterial and vi-
ral diseases by acting as a vector to transmit other pathogens 
(Kotob et al., 2016). 

Monogenean helminth parasites are multicellular metazoan 
organisms causing considerable losses in marine and fresh-
water fish. The frequent incidence of Monogenean Dactylo-
gyrus species represents a significant problem for fish cul-
ture. The direct life cycle of Dactylogyrus species enables 
them to reproduce quickly and reach higher prevalence and 
density in the gills of fish (Hu et al., 2017; Hutson et al., 
2018).  Pathologies such as excess mucous secretion, epithe-
lial damage, haemorrhages, osmotic problems, and atrophy of 
the gills are common in fish heavily infected by Dactylogyrus 
species (Whittington, 2005; Reed et al., 2012). The failure to 
maintain the gill epithelium's appropriate functioning and the 
subsequent respiration problems ended in fish death 
(Pimentel-Acosta et al., 2019).  

Drugs and various chemicals to control the parasites of fish, 
such as acriflavine, hydrogen peroxide, formalin, potassium 
permanganate, copper sulfate, acetic acid and praziquantel, 
have been used in practice (Buchmann et al., 2004; Fajer-
Ávila et al., 2007; Zhang et al., 2014). Many chemicals are 
subjected to limitations for their use in fish production be-
cause of the risks to fish, the aquatic environment, and final 
consumers (Lieke et al., 2020). There is no specific regulation 
about salt use in aquaculture operations. Salt, or sodium chlo-
ride in its chemical form, is a compound of low regulatory 
priority, widely and traditionally used as an anti-parasitic 
agent to control parasites in freshwater fish culture (Burka et 
al., 1997; Velasco-Santamaría & Cruz-Casallas, 2008; Kayis 
et al., 2009; García-Magaña et al., 2019). Salt treatment is 
considered convenient and cost-effective in the practice of 
aquaculture. However, there is little information on the anti-
parasitic efficacy of salt against freshwater parasites and its 
possible effects on fish health. Immersion treatments of vari-
ous substances may have remarkable, unexpected effects on 
gill tissue, causing subsequent problems in overall fish health 
(Diggles et al., 2017). It is noted that the exposure of steno-
haline carp to the salt solution caused adverse effects on fish 

physiology, resulting in stress-induced additive energy re-
quirements and, eventually, a reduction in energy stores (De 
Boeck et al., 2000). The response of parasites to salt treatment 
is affected by parasite species, exposure time and concentra-
tion (Schelkle et al., 2011; García-Magaña et al., 2019). The 
pathogen and fish-specific concentrations and exposure peri-
ods for the salt treatment have rarely been reported. 

Carp farming is a common aquaculture practice in Turkey. 
Carp, mainly mirror carp, is raised in freshwater ponds. Alt-
hough the total production amount can vary yearly, cultured 
carp reached 293 tonnes in 2022 (Anonymous, 2023a). Fur-
ther, carp is used for stocking activities in natural freshwater 
bodies. The number of carp stocked in 833 freshwater sources 
was approximately 7 million in 2020 (Anonymous, 2023b). 
Like any aquaculture industry, Turkish carp farming faces 
challenges such as disease management, water quality and 
market competition. 

The main aim of the present study was to establish the anti-
parasitic efficacy of salt in carp (Cyprinus carpio) infected 
with Dactylogyrus extensus. 

Materials and Methods 
Source of Fish and Parasites 

Carp, Cyprinus carpio at the mean weight of 60 ±1.45 g were 
obtained from the Ankara University Aquaculture Unit, 
reared in the individual aquaponics system combining carp 
and mint (Mentha spp.) The stocking density of carp was 35 
kg/m3 in the 200-L fish tanks. Water quality parameters in the 
tanks were measured daily with the multi-probe device (YSI 
ProPlus) for the following parameters: temperature 20-22°C; 
dissolved oxygen 5.5-6.5 mg/L; pH 5.5-6.0. and the nitrite 
0.18-0.80 mg/L. Fish were fed twice a day with a commercial 
feed, Sera Pond Bio Granulate (Crude Protein 28.9%, Fibre: 
3.4%, Fat: 2.5%, Ash: 8.3%, Humidity: 6.1%) at a rate of 2% 
body weight. Fish were routinely examined under light an-
aesthesia with clove oil (50 mg/mL) for their health status and 
parasites. Examining the mucus from the gill filaments under 
a light microscope revealed the presence of a Monogenean 
gill parasite (Figure 1). A Monogenean parasite species was 
identified through their morphology and examination of their 
sclerotised structures under microscopy, following the crite-
ria outlined by Pool & Chubb 1987, Soylu & Emre 2007, and 
Dzika et al. 2009. Accordingly, the parasite species on the gill 
filaments of C. carpio was identified as Dactylogyrus exten-
sus.  
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Figure 1. Dactylogrus extensus (bar:100 µm) 

For the experiments in vitro and in vivo, the parasite samples 
were picked up by delicately scraping the gills surface’s mu-
cosa and placed onto glass microscope slides containing 200 
µL well. The parasites were counted under the light micro-
scope. The scrapped mucosa samples from the surface of the 
gills were weighed using an analytical balance (CHYO JL-
200) having high sensitivity. In vivo tests, the gill mucosa
scrappy procedure was done under light anaesthesia with eu-
genol (5 mg/L).

All handling and experimental procedures strictly adhered to 
the protocol approved by Ankara University Institutional An-
imal Ethical Committee. No fish were killed during the ex-
periments. 

Salt 

Salt was tested for its antiparasitic capacity in vitro and in 
vivo conditions. An inorganic salt source (Sodium chloride, 
Merck) was used to form different salinity levels the salt con-
centrations of 0.83, 1.25, 1.60 and 2.50 g/L were prepared for 
in vitro tests. The amount of salt was added to the tank water, 
which was previously filtered with a 0.22 µm filter and stirred 
to dissolve. 

In Vitro Salt Test Against D. extensus 

In vitro, the effects of salt solutions on parasite survival were 
detected. Four different concentrations of salt (0.83, 1.25, 
1.60 and 2.50 g/L) were tested. The exposure of parasites was 
applied by adding the salt solution to the glass slides with a 
well. Alive parasites were first transferred to the well and 
filled with tank water. Then, 100 µl of water from the well 
was removed using a micropipette, and 100 µl salt solution in 
the required concentration was added to the well to adjust the 
final concentration to be tested. Tank water was used for the 

survival of the control group, and the same procedure was ap-
plied to the parasites in the control group. The motility and 
contraction of parasites were continuously checked under a 
microscope to determine the time of death. Parasites were 
considered dead when there was no reaction to a touch by a 
thin needle. Mortality was recorded every five minutes. Three 
replicates (N=12 parasite each) were used per concentration 
of salt.  

In Vivo Antiparasitic Efficacy Tests 

A total of 10 carp infected with D. extensus on the gill fila-
ments were picked out from the aquaponics system for im-
mersion experiments.  In vivo salt solution was applied at the 
concentration of 1.25 g/L for 5 min.  In the trials, fish were 
immersed in the salt in a 60-L aquarium containing 40-L of 
solutions for 5 min. After immersion, 10 fish were sampled 
for counting D. extensus on the gills. For the counting proce-
dure, the scrapped mucus samples (0.0010 g) from the gills 
surface of the carp were used. Parasites in the mucus samples 
were counted before and after salt immersion of fish. The 
counts of live parasites in the mucus from the gills were as-
sessed under a light microscope. The percent reduction in par-
asite numbers expressed the antiparasitic efficacy of the salt 
by Wang et al. (2008). 

Statistical Analysis 

Data obtained from in vitro tests of concentrations were used 
for cumulative mortality. Other data were subjected to a var-
iance analysis ANOVA, and the significance value of 5% was 
considered. SigmaExcel was used for all statistical analysis. 

Results and Discussion 
While salt treatments can effectively combat certain para-
sites, it is essential to consider the correct dosage and species 
sensitivity to minimise the stress on the fish. Freshwater fish 
are more sensitive to changes in salt concentration. They are 
less tolerant of higher salt levels, making it necessary to find 
the correct salt concentration to kill the gills or skin parasites. 

In vitro, the salt treatment decreased the survival of D. exten-
sus in a dose and time-dependent pattern in the present study.  
In vitro, the cumulative parasite mortality reached 100% ef-
ficacy at the concentration of 2.50 g/L in 5 min while at 0.83 
g/L in 25 min. A similar manner of anti-parasitic efficacy in 
terms of time and concentration-dependent pattern was also 
reported by Schelkle et al. (2011) and Tancredo et al. (2019), 
showing a positive correlation between parasite mortality and 
the concentration as well as time elapsed. In line with the cor-
relation finding between parasite mortality and salt concen-
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tration, in vitro, the survival of G. bullatarudis and G. turn-
bulli (Monogenean) decreased significantly with increasing 
salinities (Schelkle et al., 2011). Similarly, the killing capac-
ity of formalin for D. minutus was noted to increase with for-
malin concentration and time (Tancredo et al., 2019).   

In vitro, mortality of D. extensus changed by both the con-
centrations and exposure time of salt solutions, p<0.05 
(Fcrit=2,4858). A 100% cumulative mortality was reached in 
5 min for the salt concentration of 2.50 g/L, while for the salt 
concentration of 0.83 g/L, the cumulative mortality of 100% 
was observed in 25 min (Figure 2). 

In Vivo Antiparasitic Efficacy 

In vivo, the intensity of D. extensus on the gills of carp was 
significantly decreased by salt treatment with a concentration 
of 1.25 g/L for 10 min (p<0.05). The mean intensity of D. 
extensus in the mucus of the gill surface (0.001 g) was 
40.2±3.55 before treatment and decreased to 30.73±6.35 after 
treatment with salt (Figure 3). The salt treatment reduced D. 
extensus on the gills at a ratio of 23.56%. 

The treatment strategy to eliminate Monogeneans infections 
requires in vitro tests as a preliminary phase (Tavares-Dias, 
2018; Gonzales et al., 2020). In our study, in vivo application 
of salt, the concentration of 1.25 g/L min at 10 min was ef-
fective at 23.56%. The reduction in vitro in the survival of D. 

extensus after exposure to the salt was not the same as the 
reduction in vivo tests in carp. Direct contact of parasites with 
the salt accelerated the death of D. extensus in vitro. The com-
paratively reduced effectiveness of salt treatment can be at-
tributed to the shielding impact of mucus and the parasites’ 
positioning on the gill tissue, as observed in in vivo experi-
ments. Similarly, the estimated correlation between salinity 
degree and survival of Gyrodactylids (Monogenea) was not 
reflected in the in vivo experiments with guppies, resulting 
from the envelopment of the parasite with the fish mucus 
(Schelkle et al., 2011). Confirmingly, salt bath was ineffec-
tive against Monogenean, Gyrodactylus salaris infecting S. 
trutta m. trutta and S. trutta m. lacustris as observed in long-
term farm studies (Rintamäki-Kinnunen & Valtonen 1996). 
The difference in findings between in vitro and in vivo results 
was also observed for the Crustacean parasite, Argulus, asso-
ciated with protecting Argulus by the scales of Carassius au-
ratus treated with azadirachtin (Kumar et al., 2012). Ulti-
mately, the action mechanism of salt to kill the Monogenean 
parasite can be explained by the disruption of the osmoregu-
latory function of the parasite (Hutson et al., 2018); however, 
this mechanism may fail to some extent due to the mucus 
layer and their ability to penetrate the gill filaments in the in 
vivo conditions (Trujillo-González et al. 2015). Thus, salt tre-
atment can be ineffective in practice of fish culture, should be 
considered in treatment of monogeneans in freshwater fish. 

Figure 2. Cumulative mortality of D. extensus (Monogenean) exposed to salt.  
Concentrations (g/L):  I-0.83; II-1.25; III-1.60; IV-2.50. Control: No salt exposure 
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Figure 3. Reduction in D. extensus intensity in the gills of carp after treatment with salt 

On the other hand, salt treatment may impact the sensitive gill 
tissue of freshwater fish species. However, this study did not 
encompass the histopathological alteration of gill tissue after 
salt exposure. 

Conclusion 
D. extensus is highly sensitive against salt in in vitro condi-
tions. In vitro, the mortality of D. extensus displayed clear 
dependence on both time and dosage, with higher salt con-
centrations leading to a reduced parasite survival time. The 
effectiveness of the anti-parasitic action of salt, achieved by 
immersion carp in a concentration of 1.25 g/L for 10 min, can 
be categorised as ranging from mild to moderate level. Treat-
ment protocols for salt against monogeneans are complex be-
cause the exposure time and concentration are parasites and 
fish species-specific.
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ABSTRACT 

Individuals of Chrysichthys nigrodigitatus from Lake Volta, Ghana (West Africa), were examined 
between January and December 2020 for growth, mortality, and exploitation rate using total length 
measurement. Monthly length-frequency data were collected from 244 samples and analysed using 
the FiSAT II Tool. The estimated asymptotic total length (L∞), the coefficient of growth (K), and 
the calculated growth performance index (phi) were 27.3 cm, 0.57, and 2.63 per year, respectively. 
The total mortality rate (Z), natural mortality rate (M), and fishing mortality rate (F) were 1.57, 
0.92, and 0.66 per year, respectively. The exploitation rate (E = 0.42) was below the optimum level 
of 0.5, which indicates that the species is underexploited. Based on the Emsy (0.56) value, analyses 
show that the exploitation rate is below the sustainable limit, hence the need for continuous mon-
itoring of fishing efforts to ensure that the limit reference point is not exceeded. 

Keywords: Ghana, Inland fishes, Fisheries management, Population parameters, FiSAT II
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Introduction 
The silver catfish (Chrysichthys nigrodigitatus), which be-
longs to the Claroteidae family, occurs in most of Africa's 
major rivers, including Ghana (Ezenwa, 1981). The Family 
Claroteidae was carved from the traditional Bagridae to re-
flect a monophyletic group of African catfishes (Berra, 2001). 
They are highly valued food fish in most native African wa-
ters and are among the prevailing inland fish of commercial 
catches (Ikongbeh et al., 2015). Because of the bottom-dwell-
ing habit, this fish species is primarily harvested with a drag-
net, hook and line, bottom-set gillnet, and bottom-set traps 
(Offem et al., 2008).  

Chrysichthys (Pisces: Siluriformes: Claroteidae) species con-
sistently supports inland artisanal fisheries, both economi-
cally and in nutrition for communities along Lake Volta, 
Ghana (Ikongbeh et al., 2015).  The most commonly found 
species of Chrysichthys in Ghana include C. walkeri, C. au-
ratus, C. maurus, C. johnelsi, and C. nigrodigitatus (Dankwa 
et al., 1999), with C. nigrodigitatus as the most dominant spe-
cies (Nelson, 2006).  Fishermen residing in fishing villages 
along the lake Volta engage different types of fishing gear in 
the exploitation of C. nigrodigitatus. These gears include gill-
nets of various mesh sizes, cast nets, bamboo, traps, and 
hooks (Ajagbe et al., 2021). Despite being present in most 
inland waters of Ghana, the stock of C. nigrodigitatus is pro-
fusely exhibiting a decline due to environmental degradation 
and overfishing (Adite et al., 2017). This is evinced by the 

prominent appearance of smaller-sized individuals and juve-
niles of C. nigrodigitatus in the catches of fishermen, an in-
dication of growth overfishing (Ofori-Danson et al., 2002).  

In Ghana, the only study (i.e., Ofori-Danson et al., 2002) 
done on the population parameters of the species Lake Volta, 
Ghana, was carried out approximately two decades ago, 
which has dire implications for managing this valuable fish 
stock. Therefore, to update information on population param-
eters for this species, the study's main objective was to assess 
the growth, mortality, and exploitation rate of C. nigrodigita-
tus of Lake Volta, Ghana. Such scientific information will 
foster the implementation of proper management measures to 
sustain the assessed fish species in Lake Volta, Ghana. 

Materials and Methods 
Study Area 

Four landing communities within Stratum VII of Lake Volta 
were selected, between longitude 0°10’ and 1°05W and lati-
tude 8°8’ and 8°20’N and extending 60 km south and 50 km 
north of Yeji. These communities were Tonka, Vutideke, 
Brekente and Fante Akura, all landing sites within the Stra-
tum VII of Lake Volta (Figure 1). Yeji is the capital of Pru 
District in the Brong-Ahafo region, with a population of 
28.515 (GSS, 2014). Selection of these sampling inland fish-
ing communities was based on two-stage stratified sampling 
criteria: geographical isolation and the level of fishing activ-
ities based on the number of fishing boats. 

 

Figure 1. Map showing the fish landing sampling locations 
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Data Collection 

Individuals of the assessed fish species were obtained from 
randomly selected fishermen who applied different fishing 
gear in their fishing activities. These fishing gears involved 
bamboo, traps, and set gillnets (mesh size = 0.25 and 0.5 
inches diagonally stretched). Samples were obtained over 
twelve (12) months (i.e., January to December 2020), pre-
served on ice, and analysed in situ. The species were identi-
fied to the lowest taxonomic level using identification keys 
by Dankwa et al. (1999). Measurement of length was per-
formed using a 100 cm graduated wooden measuring board. 
In all, 244 specimens of C. nigrodigitatus were obtained dur-
ing the study period. 

Growth Parameters  

Parameters for which the fish growth is assumed to follow 
Von Bertalanffy Growth Function (VBGF), including growth 
rate (K) and asymptotic length (L∞) were estimated. 

Estimation of longevity (Tmax) for the species was estimated:  

Tmax = 3/K (Anato 1999).  

The growth performance index was calculated using the for-
mula:  

(Φ′) =2logL∞ + log K (Munro & Pauly, 1984).  

The theoretical age at length zero (to) followed the equation:  

Log 10 (-t0) = -0.3922 – 0.2752 log 10 L∞ - 1.038log 10 K 
(Aleev, 1952). 

Mortality Parameters 

Total mortality (Z) was computed using a Linearized length 
converted catch curve (Sparre & Venema, 1992).  

The natural mortality rate (M) was calculated using the pro-
cedure:  

M = 4.118K0.73L∞−0.333 (Then et al., 2015). 

Fishing mortality (F) was calculated as: 

F = Z – M (Qamar et al., 2016). 

The exploitation rate (E) was computed using: 

E = F/Z (Georgiev and Kolarov, 1962). 

Length at First Capture (Lc50)  

The ascending left part of the length converted catch curve 
was used in estimating the probability of length at first cap-
ture (Lc50) in addition to the length at both 25 and 75 percent 

capture, which correlates with the cumulative probability at 
25% and 75% respectively (Pauly, 1984).  

Biological Reference Points 

Emsy, which depicts the exploitation rate producing maximum 
yield, and E0.5, implying the exploitation rate under which the 
population is reduced to half its virgin biomass, were com-
puted using the knife edge selection options. 

Data Analyses 

The length frequency data were pooled into groups with 2 cm 
length intervals. Then, the data was analysed using the FiSAT 
II Tool (Gayanilo et al., 2002). 

Results and Discussion 
Length Distribution Frequency  

The mean length of C. nigrodigitatus was 13.8, with mini-
mum and maximum lengths of 7 cm and 25.1 cm recorded in 
January 2020 and March 2020, respectively. The modal 
length of the assessed fish species was 10 cm to 12 cm (Table 
1). 

Growth Parameters  

Figure 2 shows the restructured length frequency with super-
imposed growth curves. The asymptotic length (L∞) was 27.3 
cm. C. nigrodigitatus grew at a growth rate (K) of 0.57 per 
year with longevity (Tmax) of 5.26 yr. The growth perfor-
mance index (Φ′) and age at length zero were estimated at 
2.628 and -0.29, respectively. The VBGF for length at the 
time (t) was expressed as Lt = 27.3 * (1-e-0.57 (t + 0.29)).  

Mortality Parameters  

From the length converted catch curve (Fig 3), the total mor-
tality rate (Z) estimated was 1.57 per year. The natural mor-
tality rate (M) was 0.92 per year, and the fishing mortality 
rate (F) was 0.66 per year. The exploitation rate (E) recorded 
for C. nigrodigitatus was 0.42. 

Length at First Capture (Lc50)  

The probability of capture was estimated as L25 = 8.58 cm, 
L50 = 9.66 cm and L75 = 10.7 cm. Therefore, the length at first 
capture (Lc50) was 9.66 cm.  

Biological Reference Points  

From Fig 5, the indices for sustainable yield were 0.32 for 
optimum sustainable yield (E0.5) and 0.56 for the maximum 
sustainable yield (Emsy).  
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Table 1. Length frequency distribution of C. nigrodigitatus from Stratum VII of Lake Volta, Ghana 

Upper limit 2020 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

8 7 0 1 0 0 0 0 0 0 0 0 0 8 
10 10 2 11 0 0 0 0 3 0 3 4 1 34 
12 11 9 3 1 1 6 9 3 3 5 6 2 59 
14 0 5 2 4 6 7 4 3 5 4 2 2 44 
16 0 2 0 9 10 6 9 3 3 0 1 4 47 
18 1 2 1 4 5 9 2 2 0 0 1 5 32 
20 0 0 3 0 1 1 0 1 1 0 0 0 7 
22 0 0 1 2 3 0 0 0 0 0 0 0 6 
24 0 0 0 3 0 1 0 2 0 0 0 0 6 
26 0 0 1 0 0 0 0 0 0 0 0 0 1 

Total 24 20 23 23 26 30 24 17 12 12 14 14 244 

 
Figure 2. Reconstructed length frequency distribution superimposed with the growth curve 

 

 
Figure 3. Linearized length-converted catch curve for estimation of instantaneous total mortality (Z) 
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Figure 4. Probability of capture of C. nigrodigitatus 

 

 
Figure 5. Yield per recruit analysis of C. nigrodigitatus 

 
The study's maximum theoretical length (L∞) was 27.3 cm 
TL, which was lower than the estimated length recorded by 
Ofori-Danson et al. (2002). This suggests that small-sized in-
dividuals of this species from Lake Volta are facing high fish-
ing pressure. Okogwu et al. (2010) assigned the observed dif-
ference in maximum theoretical length to the variability of 
the study environments and fishing pressure. The growth per-
formance index from the present study (phi = 2.62) was out-
side the range (i.e. phi = 2.65 – 3.12) estimated by Baijot and 
Moreau (1997) for crucial African fish species showing slow 
growth. This fast growth exhibited by individuals of the spe-
cies may be a coping strategy for high fishing pressure on 
Lake Volta, Ghana. 

The size at first capture is a biological indicator and a vital 
parameter that indicates the health status of the resource 
(Kone et al., 2022). The length at first capture from the study 
(i.e. 9.66 cm) was lower than the findings by Kone et al. 
(2022), Ajabge et al. (2021), and Udoidiong et al. (2016). In 
addition, the critical length at capture (Lc = 0.35) indicated 
that species are harvested at 35% of growth, higher than doc-
umented by Udoidiong et al. (2016), which, from a manage-
ment perspective, is unhealthy for the sustenance of the stock. 
Furthermore, Lc < 0.5 signifies harvesting smaller individu-
als of the assessed fish species than adults. These findings 
from the study confirm the exploitation of more minor or ju-
venile individuals from Lake Volta. Such exploitation indi-
cates growth overfishing, characterised by individuals having 
a lower chance of contributing significantly to the stock 
(Ofori-Danson et al., 2002). The high abundance of juvenile 
individuals could be attributed to the excessive use of bam-
boo as fishing gear on the Lake. Chrysichthys sp. primarily 
views bamboo as spawning or breeding substrates; hence, 
there is a high possibility that fisherfolks who employ these 
fishing gears will harvest gravid individuals. Continuous in-
dulgence in unsustainable fishing practices could impair the 
recruitment potential of the assessed fish species. This obser-
vation calls for mesh size regulation and a ban on the bamboo 
used for fishing this species, which will permit the escape of 
small-sized individuals. 

According to Macer (1977), the consistency of the estimated 
natural mortality rates (𝑀𝑀) was ascertained using the 𝑀𝑀/𝐾𝐾 ra-
tio, which has been reported to be within the range of 1.12 
and 2.5 for most fishes. The 𝑀𝑀/𝐾𝐾 ratio in this study (1.61) fell 
within the acceptable demarcated range, which shows the re-
liability of the estimates obtained for the present study. Ac-
cording to Cissé et al. (2021), the maximum level of exploi-
tation of a resource is reached when fishing mortality (F) is 
equal to or higher than natural mortality (M). From the pre-
sent study, the natural mortality rate (0.92 per year) was 
higher than the fishing mortality rate (0.66 per year), which 
is reflected in the low exploitation rate (E = 0.42). The rela-
tively lower fishing mortality rate than the natural mortality 
rate from the current study points to an imbalanced stock po-
sition (Azim et al., 2017), which is always expected in a nat-
ural system. Also, the low exploitation rate experienced by 
individuals of the species suggests that these individuals are 
underexploited (Gulland, 1971). Ofori-Danson et al. (2002) 
recorded a higher exploitation rate (E = 0.67) on C. nigrodigi-
tatus from Lake Volta. Compared to the current study, the 
variation in exploitation rate may be due to fishermen exploit-
ing other commercially important fishes at a higher rate than 
the assessed fish species. 
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From the biological reference point of view, the exploitation 
rate for the assessed species in the present study was lower 
than that at maximum sustainable yield (Emsy = 0.56). This 
indicates that the assessed fish species is far from over-ex-
ploitation. Given this underexploited level of fishing, contin-
uous monitoring of fishing efforts is essential. Furthermore, 
the possible creation of inland protected area (IPA) and im-
plementation of closed fishing seasons could be applied to 
safeguard the species from exceeding the limit reference 
point. 

Conclusion 
The study aimed to assess the growth, mortality, and biolog-
ical reference points of C. nigrodigitatus from the stratum VII 
of Lake Volta, Ghana. From the study, C. nigrodigitatus rec-
orded a growth rate of 0.57 per year, which signifies signs of 
fast growth. The exploitation rate (E = 0.42) was lower than 
the maximum sustainable yield exploitation rate (Emax = 
0.56), which indicates that the species in Lake Volta, Ghana, 
is experiencing a low level form exploitation. In the wake of 
the low exploitation, there is a need to institutionalise specific 
management measures such as mesh size regulations, a ban 
on illegal fishing gears, closed fishing periods, and compli-
ance to fisheries management measures.  
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ABSTRACT 

The fact that the coronavirus was detected in the Wuhan fish market has affected attitudes toward 
food, especially fish.  This survey questioned the opinions and behaviours during and after lock-
downs to understand the temporary and permanent effects of the pandemic.  Respondents were 
concerned about virus transmission from food, especially during lockdowns (58%), while less 
concerned about transmission from fish (22.9%). Although the majority (57.1%) think that eating 
fish protects against the virus, they (˃60%) did not tend to consume more fish. Most respondents 
(49.6%) were concerned about food shortages and experienced food insecurity. Food consumption 
increased (58%) during lockdowns but decreased (29%) afterwards.  Vegetables/fruits (51.4%), 
bakery (48.4%), grains/legumes (37.5%) consumption increased due to home cooking, and 
chicken preferred as animal protein.  Although respondents preferred to buy online and packaged 
food, the majority (˃60%) were concerned about the freshness of online-ordered fish and did not 
prefer it (˃80%). Participants stocked food during the lockdowns (47.3%) but did not make it a 
habit afterwards. Respondents' answers showed that fish prices increased for budget during the 
pandemic. Findings will be helpful for the seafood sector and contribute to creating resilient and 
sustainable food environments that can better respond to future shocks that may affect humanity. 

Keywords: Pandemic, Seafood, Food security, Attitudes, Fisheries
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Introduction 
The first SARS-CoV-2 virus, coronavirus, was identified in 
China in December 2019.  The coronavirus was initially de-
tected in the seafood and animal market in Wuhan (Sağlık 
Bakanlığı, 2023). Then, the number of cases outside of China 
and the number of countries with cases increased rapidly, and 
the World Health Organization (WHO, 2023a) declared the 
novel coronavirus (COVID-19) pandemic on March 11, 
2020.  As of May 2020, the COVID-19 pandemic caused ap-
proximately 330,000 million people to be infected and 14,510 
people to die worldwide (WHO, 2023b). In December 2020, 
the WHO announced that the governments should implement 
lockdown measures to isolate and quarantine all contacts 
(WHO, 2023c). Following this, countries started to imple-
ment these measures.  On April 14, 2021, a partial lockdown 
was declared in Türkiye, restricting going out after 7 p.m. on 
weekdays and weekends (Ministry of Interior, 2021a). Then, 
a complete lockdown was declared from 29 April 2021 to 17 
May 2021(Ministry of Interior, 2021b). After this date, the 
nighttime and weekend lockdowns were enforced, and as of 
July 1, 2021, the lockdowns were ended (Ministry of Interior, 
2021c). Similar lockdowns and restrictions were imposed in 
most countries around the world. 

The size of the pandemic, lockdowns, and quarantine have 
created psychosis and panic in the public. Worldwide health 
crises of this magnitude are rare and lead to many lasting 
global changes.  Indeed, the Covid-19 pandemic has had a 
significant impact, causing economic, sociocultural, and be-
havioural changes (UN, 2020).  The pandemic has affected 
individuals in terms of dietary habits, and people have real-
ised that food security and availability are vital needs 
(Pulighe & Lupia, 2020).  Movement restrictions, limited ac-
cess to grocery stores, restaurant closures, disruption of the 
food supply chain, and stay-at-home announcements have af-
fected consumers' food-related behaviours and led to changes 
such as stockpiling, panic buying, home cooking, and online 
shopping (Cranfield, 2020; Mandal et al., 2021).   In a very 
recent study, Galanakis (2023) reported that the effects of the 
pandemic on food security continue today and emphasised 
that the pandemic will lead to food insecurity in the future 
due to limited food access, increased food costs, disrupted 
global trade, and deficiencies in food distribution. Therefore, 
more research is needed to create sustainable policies to en-
sure food security during such shocks that may occur in the 
future (Mandal et al., 2021). 

As well as other foods, the fact that the coronavirus was first 
detected in the Wuhan fish market reveals the potential for 
people to be particularly concerned about fish consumption. 

Therefore, it is necessary to examine the impact of the pan-
demic on opinions and behaviours related to fish consump-
tion. Akdemir et al. (2020) emphasised the importance of 
studies determining this pandemic's medium and long-term 
impact on fish and other food-related behaviours. The head 
of the UN World Health Organization (WHO) stated that 
even though the emergency regarding COVID-19 is over, the 
disease remains a global threat and reminded that the risk of 
new variants causing new cases and deaths continues (UN, 
2023). Understanding communities' perceptions of food, ac-
cess to food, and particularly micronutrient-dense food such 
as fish will enable governments to better respond to shocks 
that may affect humanity in the future (Love et al., 2021).   

Considering these requirements, the current study aimed to 
determine the effects of the COVID-19 pandemic on (1) food 
safety and insecurity concerns, (2) fish and other food con-
sumption preferences, and (3) fish and other food purchase 
patterns. 

Materials and Methods 
Study Area 

The study was conducted in Istanbul, the most populated city 
in Türkiye. Istanbul, with a population of 15 907 951, consti-
tutes 18.65% of Türkiye's population (Turkish Statistical In-
stitute, 2022a) and is the province with the highest (98.7%) 
internet access rate (Turkish Statistical Institute, 2022b).  
Since Istanbul provides career and income opportunities, peo-
ple from different social and cultural backgrounds live in this 
metropolitan. 

Implementation of Surveys 

An electronic questionnaire was designed and applied to 10 
people to test accuracy and comprehensibility. Ethical ap-
proval was obtained from the Istanbul University Ethics 
Committee (file number 2022/106).  After the necessary ar-
rangements, it was shared on Google’s online survey plat-
form and applied to 498 people between April and December 
2022. The electronic survey form was sent to many people 
online via e-mail and social media applications.  These people 
were invited to participate in the survey and were asked for 
the contact information of other people living in Istanbul.  
Thus, many people were reached through the snowball 
method, widely used for sample enrichment (Noy, 2008). Alt-
hough internet access is high in Istanbul, 39 printed question-
naires were applied face-to-face to Istanbul University clean-
ing workers to collect data from people with low education 
and/or income levels who may not be reached via online 
forms. At the first step of the survey, people were informed 
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that they were free to decide to participate, to leave it at any 
time and that the survey results would be used for scientific 
publication. One (1) person disapproved, and only those who 
agreed could continue with the survey. Participants who 
agreed were asked whether they had any food science, dietet-
ics, or nutrition education. The survey was terminated for 26 
individuals replying to this question positively. In this way, it 
was ensured that the opinions of ordinary people who were 
not authorised in food-related fields were taken. Therefore, 
the questionnaire was completed by 510 people, excluding 
(1) who disapproved of participating in the survey and (26) 
who were educated in food, dietetics, or nutrition sciences. 
The sample size was determined according to Yamane (1967) 
formula. The population of Istanbul was used, the level of 
precision was chosen as 0.05, and the sample size was calcu-
lated as 399.98. The research sample of 537 is well above this 
number. 

Participants were warned that only 1 person from each house-
hold should answer the form considering the COVID-19 pan-
demic conditions. Then, demographic questions were asked 
to determine the participant profile, and the socio-demo-
graphic characteristics were presented in Table 1. Income-re-
lated questions were asked in TL (Turkish Lira) and con-
verted to US$ using the exchange rate (TCMB, 2023) at the 
time of the survey. The subsequent 13 questions focused on 
the impact of the COVID-19 pandemic on fish and other food 
consumption preferences, food safety and accessibility con-
cerns, and food purchasing patterns.  Since it was aimed to 
determine the temporary and permanent effects of the pan-
demic, these questions were asked about the opinions or be-
haviours during and after COVID-19 lockdowns. The ques-
tionnaire used a 3-point Likert scale as “Yes, No idea, No”. 
Apart from this, 2 other questions were asked about possible 
concerns about buying fish online: "If you order online, do 
you think the fish might spoil until it reaches you?" and "If 
you order online, do you think they send you stale fish?". 
These questions were asked as a general opinion independent 
of the lockdowns, and the answer options were “Yes, No idea, 
No”.  It was also aimed to determine the impact of restaurant 
closures/restrictions and increased home cooking on food 
consumption during the pandemic. For this purpose, 6 leading 
food names, such as fish, bakery, red meat, poultry, vegeta-
ble-fruit, and grain-legume, were given. The last 2 questions 
were asked: "Are there any foods you consume less because 
you cannot go to restaurants / Are there any foods you con-
sume more because you cook at home?" and multiple answers 
were allowed. Thus, 17 questions were asked of the partici-
pants apart from demographic questions. 

Table 1. Socio-demographic characteristics of the 
study participants (n = 510) 

VARIABLES Category Number of       
respondents 

Respondents 
in % 

 
Gender 

Male 253 49.6 
Female 255 50.0 

Not prefer to 
say 

2 .4 

Age <26 138 27.1 
26 - 40 210 41.2 

˃40 162 31.8 
 

Education 
Primary  

education 
142 27.8 

Secondary 
education 

156 30.6 

Higher  
education 

212 41.6 

 
Monthly  
income 

<341 $ 102 20.0 
341 $ -682 $ 219 42.9 

683 $ - 1365 
$ 

146 28.6 

˃1365 $ 43 8.4 
Size of  

household 
1 48 9.4 

2-4 343 67.3 
5-6 109 21.4 
7 + 10 2.0 

Working  
status 

Job loss 63 12.4 
No job loss 447 87.6 

 

Data Analysis 

The data analysis was conducted using SPSS 20 (Statistical 
Package for Social Sciences). Descriptive statistical analysis, 
including frequencies and percentages, was performed to 
summarise the socio-demographic characteristics of the re-
spondents. Non-parametric analyses were employed due to 
the Likert-type measurement of the data. 

The Non-Parametric Wilcoxon Signed Rank test for paired 
samples was employed to assess the presence of statistically 
significant differences in responses to fish and food-related 
questions during and after the lockdown periods. The ques-
tions can be found in Figure 1 and Figure 2.  The analysis 
revealed a significant difference in all variables except for the 
question related to fish consumption (p-value < 0.05). Con-
trarily, for the question about fish consumption of 'eating 
more fish than before, during and after lockdowns, there was 
no statistically significant difference at the 0.05 confidence 
level (p-value > 0.05). Consequently, the findings indicate the 
absence of a statistically significant difference in fish con-
sumption between the periods of lockdowns and post-lock-
downs. After conducting the significance test, frequencies 
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and percentages were analysed to draw inferences about “The 
impact of the Pandemic on food and fish consumption,” “Ten-
dency towards packaged food and online shopping due to vi-
rus concerns,” and “Food insecurity”. 

The demographic variables (gender, age, education, income) 
used in this study were measured with three or more catego-
ries. The Kruskal-Wallis test is a non-parametric test used to 

analyse the differences between means among three or more 
categorical groups of an independent variable. Therefore, the 
Kruskal-Wallis test was applied to examine the relationships 
between demographic variables and concerns about receiving 
spoiled or stale products when ordering fish online.  

 

 
Figure 1.  Consumption of fish and other food during the pandemic 

 
Figure 2. Virus-related concerns and change in purchasing preferences (a) Food, (b) fish 
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Results and Discussion 
The Effect of the Pandemic on Food and Fish Consumption 

Despite its unpleasant effects, the pandemic has raised global 
awareness to change the food system to be more environmen-
tally friendly, inclusive, sustainable, and resistant (Ruiz-
Salmón et al., 2021). The vulnerability of the global food sys-
tem was exposed during the pandemic. Thus, the importance 
of creating food systems that will be more resilient to future 
pandemics or other shocks was recognised (O'meara et al., 
2022).   Increasing awareness and demand for food supply 
and safety worldwide will inevitably lead to lasting changes 
in the food sector (Güney et al., 2020).  The lockdowns, re-
strictions, and social and psychological factors affected indi-
viduals' dietary habits (Caso et al., 2022). While some studies 
have shown an increase in the consumption of unhealthy or 
junk food (Sanchez-Sanchez et al., 2020; Cavagnari et al., 
2022), others have reported a trend toward the consumption 
of healthy foods such as fish (Perez-Rodrigo et al., 2020). 
This study reveals a statistically significant difference in food 
consumption during and after the lockdowns (p-value < 0.05). 
Most respondents (58%) stated they consumed more food 
during the lockdowns than before (Figure 1). After the lock-
downs, the proportion of this response was 29%, indicating 
that consuming too much food did not turn into a habit. How-
ever, the situation was different for fish consumption.  There 
is no statistically significant difference in fish consumption 
during and after the lockdowns (p-value > 0.05).  More than 
60% of respondents (Figure 1) said they did not eat more fish 
during or after the lockdowns. Therefore, they have consist-
ently stated that they have not increased fish consumption 
compared to before the pandemic.  However, fish have been 
reported to be one of the antiviral functional foods to cope 
with coronavirus (Alkhatib, 2020), and increased fish intake 
is recommended for high-risk individuals.  Pardo (2020) used 
nutritional support containing fish oil to cure critical patients 
infected with SARS-CoV-2.  Likewise, Yu et al. (2021) iden-
tified tuna protein peptides as possible SARS-CoV-2 inhibi-
tors. In our survey, the respondents stated that they think con-
suming fish could help to protect against the virus. The pro-
portion of respondents who thought eating fish could protect 
against the virus (during lockdowns, 38.8%) increased even 
more after the lockdowns (57.1%). It can be said that the idea 
about the benefit of fish consumption increased in the later 
stages of the pandemic. However, this idea did not lead to an 
increase in fish consumption during the pandemic. The con-
sumer tended to eat more fish in many countries, considering 
its health benefits.  Portuguese consumers reported increased 
consumption of foods such as fish and vegetables and de-
creased consumption of ready foods and snacks, as they tend 
to buy healthier foods to protect themselves from coronavirus 

(Martins et al., 2022). Similarly, Palestinian students' fish 
consumption increased during the pandemic (Radwan et al., 
2021).   Revoredo-Giha & Russo (2020) studied the effect of 
the COVID-19 pandemic on British consumers and noted that 
the pandemic led to an increase in meat and fish purchases.  
In a survey conducted in Bangladesh, 72.8% of respondents 
reported consuming more fish during the pandemic due to its 
health benefits, and 95% also reported that they liked eating 
fish in general (Kashem et al., 2021). On the other hand, in a 
survey conducted in Türkiye, 66% of the participants stated 
that the pandemic did not change their fish consumption, sim-
ilar to our findings (Haskaraca et al., 2021). Kartari et al. 
(2021) even reported a decreased fish consumption in Tü-
rkiye during the pandemic.  This may be because fish con-
sumption in Türkiye is relatively low, 6.7 kg per capita 
(Anon, 2021), compared to many other countries.  Dietary 
habits may have played a role in participants not consuming 
more fish, although they thought eating fish would help pro-
tect against the virus's effects. The pandemic has also reduced 
fish consumption in Congo (Manyong et al., 2022) and ten 
countries in East and Southern Africa (Nchanji & Lutomia, 
2021).  Similarly, Di Renzo et al. (2020) reported decreased 
fish consumption in Italy. They stated that limited daily shop-
ping may be a reason for the reduced demand for perishable 
fresh foods such as fish.  This statement is supported by Bel-
ton et al. (2021) for seafood consumption in Africa and Asia. 

A notable pandemic effect is the increased preference for eat-
ing at home (Filimonau et al., 2022). Consumers have started 
to cook at home kitchen more than ever. Galanakis (2023) 
noted that the closure of restaurants and the increased home 
cooking could lead to a lasting change in attitudes towards 
food. Likewise, Revoredo-Giha & Russo (2020) reported 
substituting restaurants and catering food services with at-
home consumption during the pandemic and reported re-
duced intake of meat and fish due to the effects of the pan-
demic. In this study, participants were asked whether they re-
duced the consumption of some foods due to the closure of 
restaurants during the pandemic, and fish was found to be the 
most affected food. Most (58%) respondents reported de-
creased fish consumption since they could not eat it out (Fig-
ure 3). It has been reported that the closure of restaurants dur-
ing the pandemic significantly impacted fish consumption 
(Love et al., 2021), and the fish sector has been negatively 
affected by the drastic decline in out-of-home food consump-
tion (Pititto et al., 2021).  In the present study, although ≥50% 
of respondents reported decreased consumption of bakery 
and red meat due to the closure of restaurants, they also re-
ported that they started to cook bakery products at home more 
than ever. However, a few respondents (<20%) preferred to 
cook fish and red meat at home.  Consumers preferred to cook 
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vegetable-fruit, bakery, and grain-legume at home during the 
pandemic and used chicken as animal protein (Figure 3). Sim-
ilarly, Mandal et al. (2021) reported increased vegetable con-
sumption in Bangladesh, and dried fish, poultry, lentils, and 
eggs have replaced fish consumption. It was reported that the 
Italian consumer consumed less fish but more homemade 
food, vegetables, and poultry during the pandemic (Di Renzo 
et al., 2020). The fact that some consumers do not prefer or 
find it difficult to cook fish at home may have led them to 
prefer easier (and often cheaper) alternatives to fish (Pititto et 
al., 2021). 

As food intake is essential not only for individuals but also at 
the national and global levels (Martins et al., 2022), it is es-
sential to identify the food-related impacts of the pandemic. 
Changes in food intake patterns can determine global food 
trade and many industries, such as agriculture, livestock, fish-
eries, and food processing. 

Tendency to Packaged Food and Online Shopping Due to 
Virus Concerns 

It is globally known that the Covid-19 pandemic started in the 
Wuhan seafood market in China. The virus was isolated from 
fish cutting boards, and the fish trade was drastically reduced. 
Fish scientists had to defend against public concerns about 
fish consumption (Abbadi., 2020). Although scientific stud-
ies report that SARS-CoV-2 does not affect or contaminate 
seafood (Bondad-Reantaso et al., 2020), worldwide disinfor-
mation has led to consumer concern about the transmission 
of the virus through fish consumption (Genc et al., 2020). The 
fact that the COVID-19 pandemic was first detected in sea-
food and animal markets also created a perception against 
seafood in the minds of consumers, and consumers in some 
regions avoided fish and seafood consumption during the 
pandemic (Kartari et al., 2021). 

In this study, there is a significant statistical difference be-
tween concerns about the transmission of the virus from food 
and seafood (p-value<0.05).  This can be followed through 
Figure 2a and Figure 2b. It was found that the participants 
were concerned about virus transmission from food, mainly 
during lockdowns (58%) (Figure 2a), but a few were con-
cerned about virus transmission from fish (Figure 2b). In-
deed, the correlation between fish consumption and the 
worldwide incidence of COVID-19 (0.089573896) is very 
weak, and the assumption that COVID-19 is a zoonotic dis-
ease does not seem appropriate for fish (Abbadi, 2020).  Bon-
dad-Reantaso et al. (2020) stated that SARS-CoV-2 belongs 
to the Coronaviridae family, genus Betacoronavirus, and Be-
tacoronaviruses are not known to infest nor infect seafood; 
instead, they infect mammals. They noted that fish surfaces, 
like any other surface, can be contaminated with SARS-CoV-

2 when handled by infected individuals. Therefore, they em-
phasised that the likelihood of SARS-CoV-2 transmission is 
negligible with proper food handling and sanitation. Since 
SARS-CoV-2 can be isolated from frozen foods, storage, and 
packaging materials, it can remain highly stable on fish or 
meat under cold and frozen storage conditions.  Therefore, 
policies and risk mitigation strategies must be established to 
prevent food contamination (Han et al., 2021). 

In the present study, respondents (56.9% during and 45.5% 
after lockdowns) indicated that they preferred to buy food 
online (Figure 2a) and packaged (53.7% during, 39.2% after 
lockdowns). Consumers worldwide have experienced 
changes in their food supply during the COVID-19 pandemic 
due to restrictions and/or fear of contamination (Dumitras et 
al., 2021). The packed food become crucial due to the pan-
demic. The necessity of hygiene and the importance of pack-
aging to preserve foods from contamination became priorities 
for the consumer.  The consumer considered packaged foods 
safe because they were protected by a package that guaran-
teed product hygiene. A study with Turkish consumers re-
ported that packaged foods were primarily preferred (79.3%) 
during the Covid-19 pandemic (Cosansu et al., 2022).  Fol-
lowing the COVID-19 pandemic, 34% of consumers stated 
that hygienic packaging is one of the main criteria when pur-
chasing food (Timpanaro & Cascone, 2022). One of the es-
sential food-related impacts of the Covid-19 pandemic is the 
consumer's tendency to buy food online. Food orders have 
shifted online in many countries, depending on the countries' 
digital development level. In Qatar and the United Arab 
Emirates, online food shopping increased by 30% compared 
to before the COVID-19 pandemic (Faour-Klingbeil et al., 
2021). Due to the pandemic, Italian consumers have also in-
creased online food shopping (Cavallo et al., 2020). Güney et 
al. (2020) reported that Turkish consumers are concerned 
about virus transmission during shopping in the market and 
tend to buy food online.  Regarding buying fish, it was deter-
mined that the respondents did not prefer to buy fish online 
or from the market and continued to buy fish from the fish-
monger (Figure 2b).  Especially in terms of online shopping, 
the majority of the participants (˃80%) stated that they do not 
prefer to buy fish online.    

Figure 4 shows the responses to the questions about the pos-
sible effects of freshness concerns on online fish shopping.  
The effect of freshness concerns on the consumer's approach 
to online fish shopping is presented in Figure 4. It is deter-
mined that 62.16% of the participants are concerned that the 
fish ordered online may spoil until it arrives, and 71.18% are 
concerned that stale fish will be sent when ordered online. 
Concern about freshness is an important reason to avoid or-
dering fish online.  Similarly, a study examining the impact 
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of the pandemic on meat consumption in Türkiye reported 
that respondents were concerned about spoilage when order-
ing online (Haskaraca et al., 2021).   

The effect of demographic variables (gender, age, education, 
income) on concerns related to online fish orders has been 
examined using the non-parametric Kruskal-Wallis test. The 
obtained results are summarised in Table 2. There is a statis-
tically significant difference in age, education and income (p-
value <0.05) for fish spoilage until it arrives in online shop-
ping. Regarding concerns about being sent stale fish in online 
shopping, there is a significant difference only in terms of ed-
ucation (p-value < 0.05). There is no significant difference in 
other variables such as gender, age, and income (p-value > 
0.05). For online fish ordering, the concern that the fish might 
spoil until it arrives is lower among the younger age, higher 
education, and higher income groups. Similarly, highly edu-
cated respondents are the least concerned about sending stale 
fish when they order fish online (Table 2).  Examining the 
"mean rank" column in Table 2 can also interpret these re-
sults. It has also been reported that education level is an in-
fluential factor in consumer attitude towards food during the 
pandemic (Rodríguez-Pérez et al., 2020). It has been ob-
served that gender does not create a statistically significant 
difference for both concerns.  

Food Insecurity 

Lack of regular access to safe and nutritious food for a healthy 
life is referred to as food insecurity. It may be experienced at 

different levels, such as the lack of regular access to sufficient 
and safe food and/or lack of resources to obtain food FAO 
(2023). COVID-19 has threatened food insecurity by restrict-
ing access to and availability, leading to instability in food 
prices and a shift to less nutritious foods (Laborde et al., 
2020). The COVID-19 outbreak has caused millions to expe-
rience food insecurity in Congo and has threatened the coun-
try's progress toward Sustainable Development Goal 2 
(SDG2) (Manyong et al., 2022).  The pandemic has more im-
pact than a worldwide disease, including socioeconomic and 
food security, and its effects on food security are not yet ap-
parent (Elsahoryi et al., 2020). In this study, 49.6% of the re-
spondents declared they were concerned about food shortage 
during the lockdowns (Figure 5), which shows that they ex-
perienced food insecurity. Ahmed et al. (2021) similarly re-
ported food insecurity among households in Bangladesh dur-
ing the Covid-19 pandemic. In Jordan, around 60% of the 
population was reported to have experienced moderate or se-
vere food insecurity during the pandemic (Elsahoryi et al., 
2020). Food-insecure households have been much more af-
fected by the COVID-19 pandemic due to their lack of access 
to healthy food (Kent et al., 2022). The pandemic has made 
everyone realise the undeniable importance of food security 
and nutrition (Galanakis, 2023). The need for large-scale sus-
tainability policies to ensure food and nutrition security is 
recognised (Mandal et al., 2021). 

 

 

Table 2. Kruskal Wallis Test Results for Socio-demographic variables (n= 510) 

 If I order online, I think the fish                                                                                                                             
may spoil until it arrives 

if I order online, I think they will send 
stale fish 

VARIABLES Category Mean Rank Chi-Square p-value Mean Rank Chi-Square p-value 
 

Gender 
Male 263.34 2.145 .342 257.86 .399 .819 

Female 248.13   253.46   
Not prefer to say 203.75   216.75   

 
Age 

<26 225.58 10.536 .005 235.44 5.620 .060 
26 - 40 265.01   261.43   

˃40 268.65   264.90   
 

Education 
Primary education 312.13 64.139 .000 293.24 25.585 .000 

Secondary education 272.43   257.17   
Higher education 205.11   228.99   

 
Monthly income 

<341 $ - 254.58 7.871 .049 267.49 4.503 .212 
341 $ - 682 $ 259.55   253.98   
683 $ - 1365 $ 265.00   258.93   

˃1365 $ 204.79   223.15   
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Figure 3.  Impact of restaurant closures and home-cooking to food consumption (%) 

 
Figure 4. The possible effects of freshness concerns on online fish shopping 
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Figure 5. Concerns and opinions related to food security 

Changed conditions during the pandemic led to concerns 
about food supply, and many people realised that food avail-
ability is the primary need (Güney et al., 2020).  As presented 
in Figure 5, although some respondents (38%) experienced a 
lack of desired food during the lockdowns, most (64.3%) re-
ported no problems during the following period. In a similar 
study conducted in Indonesia, participants reported that some 
foods, such as fish, were unavailable as before during the pan-
demic (Partelow et al., 2023). Zhang et al. (2021) examined 
the impacts of the COVID-19 outbreak on the seafood trade 
in China, which has a critical position and influence in the 
seafood trade. They suggested improving domestic regula-
tions and increasing international cooperation to minimise the 
impact of such crises and ensure food supply. This crisis has 
revealed the necessity of establishing a more sustainable food 
system in the coming years (Cavallo et al., 2020). 

Revoredo-Giha & Russo (2020) stated that the COVID-19 
pandemic caused an unprecedented shock to British consum-
ers, especially for meat and fish chains. They stated that the 
pandemic led to fears of future shortages and a tendency to 
stockpile.  Respondents of this survey stated that they tended 
to stock food (47.3%) during the lockdowns but did not con-
tinue to do so (57.8%). It shows that food stockpiling has not 
become a habit (Figure 5). Akdemir et al. (2020) also reported 
that Turkish consumers' food stocking increased after the 
Covid-19 pandemic. Ahmed et al. (2021) examined the ef-
fects of the pandemic on food insecurity in Bangladesh and 
reported that households rely on food stocks to cope with the 
food crisis.  Indeed, half of the Bangladeshi households 

stockpiled long-lasting foods such as rice, lentils, and pota-
toes during the pandemic (Mandal et al., 2021).  On the other 
hand, in a survey conducted in Russia, more than 70% of re-
spondents stated that they bought more than usual each shop-
ping but did not stock food (Hassen et al., 2021).  

The increased food prices have been one of the other im-
portant issues of the pandemic. The decrease in export vol-
umes has affected the fish supply chain, making it more chal-
lenging to access fish and increasing prices (Mandal et al., 
2021). In this study, 43.5% of respondents reported that fish 
prices were high for their budget during the lockdowns. The 
number of respondents reporting high fish prices (50.8%) in-
creased further in the later stages of the pandemic (Figure 5). 
In a survey conducted in Bangladesh, 72% of respondents 
stated that the pandemic had increased fish prices, similar to 
the present study. The Covid-19 pandemic led to a 5.3% drop 
in global trade volume (WTO, 2023). Love et al. (2021) stud-
ied the impacts of COVID-19 on the seafood trade to build 
resilience in the seafood system and proposed immediate and 
long-term research to guide strategic investments. Actions 
such as the supply of ready-to-cook or processed seafood, 
online fish delivery, and implementation of adequate cold 
storage in fish production areas are the policies that govern-
ments should pay more attention to in the case of future pan-
demics (Mitra et al., 2022). The COVID-19 pandemic has re-
vealed the importance of technologies enabling the food in-
dustry to prepare for future epidemics and pandemics by en-
suring food safety and a safe supply chain (Han et al., 2021). 

43,5

50,8

47,3

15,5

38,0

11,2

49,6

18,4

33,7

31,6

20,2

26,7

19,4

24,5

23,1

26,5

22,7

17,6

32,5

57,8

42,5

64,3

27,3

55,1

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

during lockdowns

after lockdowns

during lockdowns

after lockdowns

during lockdowns

after lockdowns

during lockdowns

after lockdowns

fis
h 

pr
ic

ed
hi

gh
 fo

r
bu

dg
et

fo
od

st
oc

kp
ili

ng

la
ck

 o
f

de
sir

ed
fo

od

co
nc

er
n

fo
r f

oo
d

sh
or

ta
ge

Concerns and opinions related to food security

No % No idea % Yes %



 
 

 

 

Aquatic Research 7(1), 15-29 (2024) • https://doi.org/10.3153/AR24003                                                      Research Article 

24 

Nchanji & Lutomia (2021) emphasised that the pandemic of-
fers essential lessons in restructuring food supply systems for 
sustainability in the future and proposed short food supply 
chains, inclusive legal support instruments, and economic 
partnerships among countries as policy interventions for sus-
tainable production and consumption.  It should be a critical 
priority for governments and all stakeholders to understand 
the experiences of communities with food insecurity during 
the COVID-19 pandemic and to develop tailored policies to 
respond to future shocks that may affect population nutrition 
(Zorbas et al., 2023).  

Conclusion  
The COVID-19 pandemic has highlighted the importance of 
systems and technologies that will enable the food industry to 
prepare for future shocks.  This study reveals behavioural 
changes and opinions on fish and food consumption during 
the Covid-19 pandemic. It provides a perspective on the 
changes the pandemic may cause in future consumption pat-

terns and purchasing behaviours (Figure 6).  Since the coro-
navirus was first detected in the Wuhan fish market, it may 
raise concerns about fish consumption in various communi-
ties. For this reason, it is essential to examine the effect of the 
pandemic on opinions and behaviours related to fish con-
sumption and other foods.  During the pandemic, Turkish 
consumers increased their food consumption, tended to pack-
aged and stocked food, and were concerned about food short-
age and potential virus contamination from food. Although 
they think that eating more fish may help protect against the 
virus and they are not worried that the virus will be transmit-
ted from the fish, they did not tend to consume more fish and 
stated that the fish prices are high for their budget. Although 
they increased online food shopping, they did not prefer 
online fish shopping for freshness concerns. Our findings are 
helpful for the local and international fish trade. They will 
provide information for fish producers, fishermen, suppliers, 
processors, and retailers to create healthy, sustainable food 
environments more resilient to future shocks. 

 

 
Figure 6. Behavioral changes and opinions on fish and food consumption due to the COVID-19 Pandemic 
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ÖZ 

Deniz kirlenmesine sebep olan faktörlerin sayısı oldukça fazladır. Deniz kenarlarında ve denize yakın yer-
lerde bulunan şehirlerin atıkları, sanayi tesislerinin atıkları, insanlar tarafından denize bırakılan çöpler ve 
diğer atıklar bunlar arasındadır. Deniz kirlenmesine sebep olan bir diğer önemli faktör ise gemilerdir. 
Gemilerin denizde işletilmesi sırasında ortaya çıkan atıklar ile gemide kullanılan petrol ve türevlerinin denize 
karışması veya gemilerden başkaca zararlı maddelerin denize bırakılması ciddi boyutlarda deniz kirlenmesine 
sebep olabilmektedir. Kirlenmeden kaynaklanan sorumluluğa uygulanacak hükümler ise deniz kirliliğine se-
bep olan kirletici maddeye ve geminin türüne göre değişiklik göstermektedir. Hukukumuzda petrol ve tü-
revleri dışındaki kirletici maddelerin sebep olduğu kirlenmeden kaynaklanan sorumluluk temel olarak 5312 
sayılı “Deniz Çevresinin Petrol ve Diğer Zararlı Maddelerle Kirlenmesinde Acil Durumlarda Müdahale ve 
Zararların Tazmini Esaslarına Dair Kanun” da düzenlenmiştir. Öte yandan petrol ve türevlerinden kaynak-
lanan kirlenmeye ilişkin olarak iki uluslararası sözleşmeye taraf durumdayız. Bu sözleşmeler Petrol 
Kirliliğinden Doğan Zararın Hukukî Sorumluluğu İle İlgili Milletlerarası Sözleşme ve Gemi Yakıtlarından 
Kaynaklanan Petrol Kirliliği Zararının Hukuki Sorumluluğu Hakkında Milletlerarası Sözleşme’dir. Ayrıca 
2872 Sayılı Çevre Kanunu da sayılan mevzuatın uygulama alanına girmeyen hâllerde deniz kirlenmesinden 
kaynaklanan sorumluluk hakkında uygulanır. Denizin gemi kaynaklı kirlenmesinden doğan hukuki sorumlu-
luğa ilişkin düzenlemelerin caydırı etkisi sayesinde deniz kirlenmesi belli ölçüde engellenebilmektedir. 

Anahtar Kelimeler: Deniz Kirlenmesi, 5312 Sayılı Kanun, Deniz Kirliliğinden Sorumluluk 

 

ABSTRACT 

Legal perspective on ship-related marine pollution 

The number of factors that cause marine pollution is quite high. The wastes of cities located on the coasts or 
near the sea, wastes of industrial facilities, trashes left to the sea by people and other wastes are included in 
this content. Another important factor causing marine pollution is ships. The wastes caused by the operation 
of the ships at sea and the oil and derivatives used on the ship or other harmful substances that are released 
into the sea from the ships can cause marine pollution seriously. The provisions to be applied to marine 
pollution are determined according to the pollutant causing marine pollution and the type of the ship. In our 
law, liability arising from pollution caused by pollutants other than petroleum and its derivatives is basically 
regulated in the Law No. 5312 “The Principles of Emergency Intervention and Compensation for Damages 
in Pollution of the Marine Environment with Petroleum and Other Harmful Substances”. Türkiye is also a 
party to two international conventions on pollution caused by oil and its derivatives. These contracts are the 
“The International Convention on Civil Liability for Oil Pollution Damage” and “The International Conven-
tion on Civil Liability for Bunker Oil Pollution Damage”. On the other hand, the Environmental Act is also 
applied for liability arising from marine pollution in cases that do not fall within the scope of appƒlication of 
the enumerated legislation. The marine pollution can be prevented by virtue of the deterrent effect of the 
regulations on legal liability arising from the pollution of the sea originating from ships. 

Keywords: Marine Pollution, Act of 5312, Responsibility of Marine Pollution
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Giriş 
Denizlerdeki canlı hayata olumsuz etki eden, insan sağlığı 
bakımından tehdit oluşturan, denizlerden ekonomik olarak 
yararlanılmasını kısıtlayan veya engelleyen her türlü kir-
lenme deniz kirlenmesi kavramı içinde yer almaktadır 
(Özdemir, 2012) 1 . Deniz kirlenmesinin önlenmesi ve kir-
lenme sonucunda ortaya çıkan zararların tazmin edilmesi hu-
susunda ülkemiz uluslararası sözleşmelere taraftır. Öte yan-
dan iç hukukumuzda birden fazla düzenleme bulunmaktadır. 
Sözü geçen uluslararası sözleşmelerin ve iç hukuk düzen-
lemelerinin uygulama alanları temel olarak denizde kirlen-
meye sebep olan maddeye ve kirlenmenin kaynağı olan gem-
inin özelliklerine göre belirlenmiştir. Bu çerçevede 
gemilerden kaynaklanan petrol kirlenmesi hakkında özel bir 
hukuki rejimin söz konusu olduğunu söylemek yerinde olur. 
Denizin petrol kaynaklı kirlenmesine ilişkin taraf olduğumuz 
temel sözleşme 27.11.1992 tarihli Petrol Kirliliğinden Doğan 
Zararın Hukukî Sorumluluğu ile İlgili Milletlerarası 
Sözleşme (CLC 92)’dir2.  Ayrıca ülkemiz 27.11.1992 tarihli 
Petrol Kirliliği Zararının Tazmini İçin Bir Uluslararası Fonun 
Kurulması ile İlgili Milletlerarası Sözleşme3’ye de taraftır.  

CLC 92 m.1’de tanımlara yer verilmiştir. Hükme göre 
“gemi”, dökme halde petrol taşımak için inşa edilmiş veya bu 
amaçla tadil edilmiş her türlü gemiyi ve deniz aracını ifade 
etmektedir. Sözleşme’de kirlenmeye sebep olan “petrol (oil)” 

 
1  Ünal ÖZDEMİR, Türkiye’de Gemilerden Kaynaklı Deniz 
Kirliliğinin İncelenmesi, Batman Üniversitesi Uluslararası 
Katılımlı Bilim ve Kültür Sempozyumu, 18-20 Nisan 2022, Bat-
man-Türkiye, Batman Üniversitesi Yaşam Bilimleri Dergisi, Cilt 1, 
Sayı 2 (2012), s. 374. Gemi kaynaklı deniz kirlenmesine ilişkin 
somut örnekler için bkz.:  Hacı KARA, 5312 Sayılı Kanuna Göre 
Denı̇z Çevresı̇nı̇n Petrol Ve Dı̇ğer Zararlı Maddelerle Kı̇rlen-
mesı̇nde Zararların Tazmı̇nı̇, Yıldırım Beyazıt Üniversitesi Hukuk 
Fakültesi Dergisi, Yıl 4, Sayı 2019/1, s. 313 vd. 
 
2 Bu sözleşme 1969 tarihli Petrol Kirliliğinden Doğan Zararın 
Hukuki Sorumluluğu İle İlgili Uluslararası Sözleşme’nin 1992 
Protokolü ile değiştirilmiş hâlidir. Protocol of 1992 to Amend The 
International Convention on Civil Liability for Oil Pollution Dam-
age, 1969, bkz.: RG, T. 24.7.2001, S. 24472.  
3 International Convention on the Establishment of an International 
Fund for Compensation for Oil Pollution Damage. Ayrıca bu 
Sözleşme, Protocol of 2003 to the International Convention on the 
Establishment of an In- ternational Fund for Compensation for Oil 
Pollution Damage, 1992 ile değişikliğe uğramıştır. Metin için bkz.: 
https://assets.publishing.service.gov.uk/government/uploads/sys-
tem/uploads/attachment_data/file/235985/8490.pdf. 
4 Sözleşmenin uygulama alanına ilişkin ayrıntılı açıklamalar için 
bkz.: Gülfer KUYUCU MERİÇ, Donatanın Petrol Kirliliğinden 

ifadesine ilişkin de tanım yapılmıştır. Bu tanım uyarınca pet-
rol, ham petrol, fuel oil, ağır dizel yağı veya yağlama yağı 
gibi tüm kalıcı hidrokarbon madeni yağları ifade etmektedir 
ve bu yağların gemide yük olarak taşınması veya geminin 
yakıt tankında bulunması gerekir (CLC 92 m. 1/5). CLC 
92’nin uygulanma kabiliyetine ilişkin düzenleme Türk Ti-
caret Kanunu’nda yapılmıştır. TTK’nın 5. Kitabının Yedinci 
Kısmı “Sorumluluğun Sınırlanması ve Petrol Kirliliği 
Zararının Tazmini” başlığı ile düzenleme getirmektedir. “Pet-
rol kirliliği zararı hakkında özel hükümler” başlıklı 1336. 
maddenin 1. fıkrasında CLC 92’nin doğrudan uygulanacağı; 
gerek doğrudan gerekse TTK uyarınca uygulandığı hâllerde 
mevzuatın CLC 92’de düzenlenen hususlara ilişkin hüküm-
lerinin uygulanmayacağı hüküm altına alınmıştır. Diğer bir 
anlatımla CLC 92, uygulama alanına giren kirlenme zararları 
bakımından münhasıran uygulanır. İç hukukumuzda aynı ko-
nuda düzenleme getiren bir kanunun uygulanma imkânı söz 
konusu değildir (Kuyucu Meriç, 2017)4.  

Denizin petrol kaynaklı kirlenmesine ilişkin taraf olduğumuz 
temel sözleşmelerden bir diğeri 23.3.2001 tarihli Gemi 
Yakıtlarından Kaynaklanan Petrol Kirliliği Zararının Hukuki 
Sorumluluğu Hakkında Milletlerarası Sözleşme (Interna-
tional Convention on Civil Liability for Bunker Oil Pollution 
Damage, 2001 /BUNKER) 5’dir 6 .  Bunker Sözleşmesi’nin 

Doğan Sorumluluğu ve Sınırlandırılması, Filiz Kitabevi, İstanbul, 
2017, s. 120 vd.  
5 RG: T. 27.7.2013, S. 28720.  
6  “1996 Tehlikeli ve Zararlı Maddelerin Deniz Yoluyla 
Taşınmasına İlişkin Zararlardan Sorumluluk ve Tazminata Dair 
Milletlerarası Sözleşme (HNS)” de deniz kirlenmesine ilişkin 
önemli bir uluslararası sözleşmedir. Türkiye Sözleşme’ye taraf 
olma iradesini ortaya koyan ilk ülkelerdendir. Ancak sözleşme uzun 
yıllar yürürlüğe girememiştir. HNS’nin yürürlüğüne ilişkin bkz.: 
Ms. Mariam MGELADZE (Submitted By), Martínez Norman A. 
Gutiérre (Supervisor), A Law To Incorporate The International 
Convention On Liability And Compensation For Damage In Con-
nection With The Carriage of Hazardous And Noxious Substances 
By Sea, 2010 Into The Law Of Georgia, IMO International Mari-
time Law Institute, s. 30 vd.: https://imli.org/wp-content/up-
loads/2020/12/LDP-HNS-Convention-Mariam-Mgeladze.pdf. 
1996 HNS (Sözleşme 2010 tarihli Protokol ile değişikliğe 
uğramıştır ve Protokol ile değişik hâliyle “2010 HNS” olarak 
anılmaktadır.) bakımından dikkat çeken husus Avrupa Birliği 
tarafından da üye devletlere sözleşmeye taraf olunması yönünde 
tavsiyede bulunulmasına rağmen yeterli katılımın sağlanama-
masıdır. AB’nin bu yöndeki düzenlemelerine örnek olarak bkz.: 
Council Decision (EU) 2017/769 of 25 April 2017 on the ratifica-
tion and accession by Member States, in the interest of the European 
Union, to the Protocol of 2010 to the International Convention on 

https://imli.org/wp-content/uploads/2020/12/LDP-HNS-Convention-Mariam-Mgeladze.pdf
https://imli.org/wp-content/uploads/2020/12/LDP-HNS-Convention-Mariam-Mgeladze.pdf
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tanımlara ilişkin 1. maddesinin 1. fıkrasına göre Sözleşme, 
tipine bakılmaksızın her türlü gemi ve deniz aracı hakkında 
uygulanır. Sözleşme, geminin veya deniz aracının işletilmesi 
veya sevk edilmesi için kullanılan veya kullanılması 
amaçlanan yağlama yağı da dâhil olmak üzere her türlü hi-
drokarbon madeni yağ veya bu yağın kalıntısından kaynak-
lanan deniz kirlenmesi hakkında uygulanır (BUNKER m. 
1/5). Türkiye, Bunker Sözleşmesi’ne 2013 yılında taraf 
olmuştur7. CLC 92 hakkında geçerli olan TTK m. 1336/1, 
Sözleşme’ye taraf olmamızdan önce düzenlenen bir 
hükümdür. Buna karşılık, Bunker Sözleşmesi’nin de, CLC 92 
gibi, uygulama alanına giren hallerde münhasıran uygu-
lanacağı hususunda şüphe bulunmamaktadır.  

Yukarıda sözü geçen iki uluslararası sözleşmenin münhasır 
uygulanma kabiliyetleri sebebiyle iç hukukumuzun deniz kir-
lenmesine ilişkin düzenlemelerinin uygulama alanı oldukça 
daralmıştır. Petrol dışındaki diğer zararlı maddelerden 
kaynaklanan deniz kirlenmesi ise 5312 sayılı “Deniz 
Çevresinin Petrol ve Diğer Zararlı Maddelerle Kirlenmesinde 
Acil Durumlarda Müdahale ve Zararların Tazmini Esaslarına 
Dair Kanun” (“5312 Sayılı Deniz Kirlenmesi Kanunu / 
DKK”)’a tâbidir. Çalışmamızın konusunu sınırlandırmak 
amacıyla, 5312 Sayılı Deniz Kirlenmesi Kanunu kapsamında 
petrol dışındaki zararlı maddelerle gemi kaynaklı deniz kir-
lenmesinin önlenmesine ve kirlenmeden kaynaklanan 
zararların tazminine ilişkin esaslar incelenecektir.  

Materyal ve Metot 
Çalışmada gemilerden kaynaklanan deniz kirlenmesi hukuki 
bakış açısı ile incelendiğinden ve petrol dışındaki zararlı 
maddelerden kirlenmenin incelenmesi hedeflendiğinden iç 
hukuk düzenlemelerimiz esas alınmıştır. Bu konu hakkındaki 
iç hukuk düzenlememiz temel olarak 5312 sayılı “Deniz 
Çevresinin Petrol ve Diğer Zararlı Maddelerle Kirlenmesinde 
Acil Durumlarda Müdahale ve Zararların Tazmini Esaslarına 
Dair Kanun” dur. Zira bu kanunun özel niteliği Çevre 
Kanunu’nun uygulama alanını önemli ölçüde daraltmıştır8.  
İnceleme metodu olarak 5312 sayılı Kanun kapsamında deniz 

 

Liability and Compensation for Damage in Connection with the 
Carriage of Hazardous and Noxious Substances by Sea, with the 
exception of the aspects related to judicial cooperation in civil mat-
ters; Council Decision (EU) 2017/770 of 25 April 2017 on the rati-
fication and accession by Member States, in the interest of the Eu-
ropean Union, to the Protocol of 2010 to the International Conven-
tion on Liability and Compensation for Damage in Connection with 
the Carriage of Hazardous and Noxious Substances by Sea, with 
regard to the aspects related to judicial cooperation in civil matters. 
Düzenlemeler için bkz.: https://eur-lex.europa.eu. 
Ayrıca 1996 HNS hakkında bkz.: https://www.imo.org/en/Media-
Centre/HotTopics/Pages/HNS-2010.aspx: Çevrimiçi, erişim tarihi: 

kirlenmesinin önlenmesine ilişkin esaslar belirlenmiştir. 
Kanun’un uygulama alanı gemi, kirleten madde, ortaya çıkan 
zarar, kirlenmeden sorumlu tutulan kişi esas alınarak 
incelenmiştir. 5312 Sayılı Kanun’un uygulama alanının be-
lirlenmesine ilişkin hükümlerindeki isabetsizlikler tespit 
edilmiş ve eleştirilmiştir. Çelişkili hükümlerin ne yönde 
yorumlanmasının uygun olacağı genel hukuk ilkeleri ve 
hükümlerin konuluş amacı dikkate alınarak değer-
lendirilmiştir. 

Bulgular ve Tartışma  
Deniz kirlenmesine ilişkin ülkemizin taraf olduğu 
uluslararası sözleşmelerin münhasır uygulanma kabiliyeti 
karşısında 5312 Sayılı Deniz Kirlenmesi Kanunu’nun uygu-
lama alanı Kanun’un düzenlenmesi sırasındaki amacına hiz-
met edememektedir. Zira gemi kaynaklı deniz kirlenmesi pet-
rol ve yakıt kaynaklı kısmı bu uluslararası sözleşmelerin uy-
gulama alanında kalmaktadır. Buna karşılık 5312 sayılı 
Kanun’un uygulama alanında petrol ve yakıt dışındaki tüm 
kirletici maddeler ile tüm tür gemiler girmektedir. Öte yandan 
Kanun’un özel kanun niteliği itibariyle Çevre Kanunu’nun da 
uygulanma kabiliyeti bulunmamaktadır. Bu derece geniş bir 
uygulama alanına sahip olmasına rağmen Deniz Kirlenmesi 
Kanunu’nun kanun yapma tekniğine uygun şekilde kaleme 
alınmadığı ve önemli nitelikte çelişkili düzenlemeler içerdiği 
belirlenmektedir. Bu çelişkili hükümlerden kuşkusuz ki en 
önemli olanı Kanun’un uygulanacağı gemilerin belirlen-
mesine ilişkin hükümlerdir. Söz konusu hükümlerin 
Kanun’un düzenlenme amacına uygun şekilde yorumlanması 
gerekmektedir. Kanun’un amacı olabildiğince geniş bir uy-
gulama alanına sahip olmaktır ve hükümlerin mümkün 
olduğunca tonaj sınırı aranmaksızın uygulanması 
sağlanmalıdır. Yine uygulama alanını belirleyen ve kirleten 
madde, zarar ile zarar sorumlusuna ilişkin olan hükümlerin 
tümünün en geniş şekilde uygulanması denizin gemi kaynaklı 
kirlenmesinin önlenmesinde etkili olacaktır.   

27.09.2023. İsmail DEMİR, Hukuki Sorumluluk ve Tazminat 
Esasları Açısından Deniz Çevresinin Petrol ve Diğer Zararlı Mad-
delerle Kirlenmesinde Acil Durumlarda Müdahale ve Zararların 
Tazmini Esaslarına Dair Kanunun Değerlendirilmesi, İnönü Ün-
iversitesi Hukuk Fakültesi Dergisi Cilt:2 Sayı:1 Yıl:2011, s. 271-
272.  
7 2013/5110 Sayılı Bakanlar Kurulu Kararı ile sözleşmeye taraf 
olmamız uygun bulunmuştur. 27.07.2013 Tarih 28720 Sayılı 
RG’de bu karar yayımlanarak ülkemiz Sözleşme’ye taraf olmuştur.   
8 Kanunların uygulama alanına ilişkin bkz.: KARA, 5312 Sayılı 
Kanuna Göre Zararların Tazmı̇nı̇, s. 322 vd.  

https://www.imo.org/en/MediaCentre/HotTopics/Pages/HNS-2010.aspx
https://www.imo.org/en/MediaCentre/HotTopics/Pages/HNS-2010.aspx
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5312 Sayılı Deniz Çevresinin Petrol ve Diğer Zararlı  
Maddelerle Kirlenmesinde Acil Durumlarda Müdahale ve 
Zararların Tazmini Esaslarına Dair Kanun ve İlgili  
Mevzuata Genel Bakış 

5312 Sayılı Deniz Kirlenmesi Kanunu, “deniz emniyetinin 
sağlanması ve deniz kirliliğinin önlenmesi konusundaki ulus-
lararası hukuk ve iç hukuktan doğan hak ve yükümlülükler 
göz önünde bulundurulmak suretiyle, acil durumlarda gemi-
lerden ve kıyı tesislerindeki faaliyetlerden kaynaklanan kir-
lenme tehlikesini ortadan kaldırmak veya kirlenmeyi azalt-
mak, sınırlamak ve gidermek üzere uygulanacak müdahale ve 
hazırlıklı olma esaslarını, olay sonucu ortaya çıkan zararla-
rın tespit ve tazmin esaslarını, uluslararası yükümlülüklerin 
yerine getirilmesi esaslarını, Kanun kapsamına giren kişi-
lerle kurum, kuruluş, gemi ve tesislerin Kanunda belirtilen il-
gililerinin yetki, görev ve sorumluluklarını belirlemek” ama-
cıyla düzenlenmiştir (DKK m. 1). Kanun’da hem deniz kirli-
liğinin önlenmesi, kirliliğe acil müdahale ve hazırlıklı olun-
ması esasları hem de denizin kirlenmesi halinde kirlenmeden 
kaynaklanan zararlardan sorumluluk ile zararın tazminine 
ilişkin esaslar yer almaktadır (Demir, 2011)9. 

Kanun kapsamında belli hususların yönetmelik ile düzenlen-
mesi hüküm altına alınmıştır. Örneğin, Kanun’un 5. madde-
sinin 3. fıkrası uyarınca gemilerin yapacağı bildirimler, aynı 
maddenin 6. fıkrası uyarınca seyir, can, mal ve çevre emni-
yetini sağlamak amacıyla alınan tedbirlerin denetimine iliş-
kin usûl ve esaslar ile son fıkrası uyarınca kıyı tesislerinin, 
muhtemel kirliliğe müdahale etmek üzere bulundurmak zo-
runda oldukları personel, malzeme ve ekipmanlar ile ilgili 
usûl ve esaslar yönetmelikle belirlenecek hususlardandır. 
5312 Sayılı DKK’ye dayanılarak “Deniz Çevresinin Petrol ve 
Diğer Zararlı Maddelerle Kirlenmesinde Acil Durumlarda 
Müdahale Ve Zararların Tazmini Esaslarına Dair Kanunun 
Uygulama Yönetmeliği10” ile “Deniz Çevresinin Petrol Ve 
Diğer Zararlı Maddelerle Kirlenmesinde Acil Durumlarda 

 
9  Zararlardan sorumluluk ve tazmin esaslarının aynı kanunda 
düzenlenmesinin isabetsiz olduğu yönünde haklı eleştiri için bkz.: 
DEMİR, Zararların Tazmini Esaslarına Dair Kanunun 
Değerlendirilmesi, s. 239.   
10 21.10.2006 Tarihli, 26326 Sayılı RG.  
11 06.04.2006 Tarihli, 26150 Saylı RG.  
12 30.10.2009 Tarihli, 27391 Sayılı RG.  
13 Öğretide bu ifadenin gemi değil yüke ilişkin olduğuna dair bir 
izlenim oluşturduğu; oysa 500 groston ölçüsünün gemiye ilişkin 
olduğu vurgulanmaktadır.: KUYUCU MERİÇ, Petrol Kirliliğinden 
Doğan Sorumluluk, s. 85. Yükün değil geminin 500 grostondan 
fazla olmasının arandığı yönünde bkz.: DEMİR, Zararların Tazmini 
Esaslarına Dair Kanunun Değerlendirilmesi, s. 275. Hükmün 
kaleme alınışının başarısız olduğu yönünde bkz.: KUYUCU 
MERİÇ, Petrol Kirliliğinden Doğan Sorumluluk, s. 85.   

Müdahale ve Zararların Tazmini Esaslarına Dair Kanun Kap-
samında Mal Ve Hizmet Alımına İlişkin Yönetmelik11” yü-
rürlüğe konulmuştur. Ayrıca Deniz Çevresinin Petrol ve Di-
ğer Zararlı Maddelerle Kirlenmesinde Acil Durumlarda Mü-
dahale ve Zararların Tazmini Esaslarına Dair Kanun’a ilişkin 
Uygulama Yönetmeliği’nin icrası kapsamında deniz çevresi-
nin petrol ve diğer zararlı maddelerle kirliliğine müdahale 
edebilecek şirket/kurum/kuruluşların asgari özelliklerinin be-
lirlenmesi, yetki belgesi verilmesi, görevlendirilmesi ve buna 
ilişkin usûl ve esaslar ile kıyı tesislerinin sorumluluklarını dü-
zenlemek üzere “2009/4 nolu Deniz Çevresinin Petrol Ve Di-
ğer Zararlı Maddelerle Kirlenmesinde Acil Durumlarda Mü-
dahale Görevi Verilebilecek Şirket/Kurum/Kuruluşların Se-
çimine Ve Yetki Belgesi Bulunan Şirket/Kurum/Kuruluşlar 
İle Kıyı Tesislerinin Çalışma Usullerine İlişkin Tebliğ12” çı-
karılmıştır.  

5312 Sayılı Deniz Kirlenmesi Kanunu’nun Uygulama Alanı 

A. Gemiler Bakımından  

5312 Sayılı Deniz Kirlenmesi Kanunu’nun “Kapsam” 
başlıklı 2. maddesine göre Kanun, “uygulama alanlarında 
bulunan veya herhangi bir nedenle uygulama alanlarına 
girmek isteyen, beşyüz groston ve daha büyük petrol ve diğer 
zararlı maddeleri taşıyan gemiler ile petrol ve diğer zararlı 
maddelerle kirlenmeye neden olabilecek faaliyetleri icra 
eden kıyı tesisleri” hakkında uygulanır. Görüldüğü üzere 
Kanun, gemiler bakımından 500 groston sınırını belirlemiştir 
(Kuyucu Meriç. 2017)13. Bu sınırın belirlenmesinin sebebi 
Kanun’un gerekçesinde de belirtilmemiştir (Demir, 2011)14. 
Öte yandan hükümde geminin türü bakımından bir esas ön-
görülmediği gibi Kanun’da gemi tanımına da yer verilmem-
iştir15. 

DKK m. 2 f.2’ye göre “savaş gemileri ve yardımcı savaş 
gemileri ile herhangi bir devlete ait veya devlet tarafından 

14 500 groston yerine MARPOL 73/78’e paralel şekilde 150 groston 
sınırının aranmasının uygun olacağına dair Komisyon görüşü ve 
süreç hakkında bkz.: TBMM Tutanak Müdürlüğü, Çevre 
Komisyonu, Birinci Oturum, Giriş: 10.30, T. 3.11.2004, s.3. Bu 
konuda ayrıca bkz.: DEMİR, Zararların Tazmini Esaslarına Dair 
Kanunun Değerlendirilmesi, s. 276.  
15  Bu durumun da Kanun’un düzenlenmesindeki özensizlikten 
kaynaklandığı; Kanun’un kamu hukuku karakteri dikkate alınırsa 
Denizde Can ve Mal Koruma Hakkında Kanun’daki gemi tanımının 
esas alınabileceği yönünde bkz.:  DEMİR, Zararların Tazmini 
Esaslarına Dair Kanunun Değerlendirilmesi, s. 275. Kanun 
uyarınca “gemi” hakkında ayrıca bkz. KARA, 5312 Sayılı Kanuna 
Göre Zararların Tazmı̇nı̇, s. 325 vd. 
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işletilen ve ticarî faaliyetler dışında kullanılan gemiler 
Kanun kapsamı dışındadır.” Dolayısıyla bu tür gemilerin se-
bep olduğu deniz kirlenmesi hakkında Kanun’un uygulanma 
imkânı bulunmamaktadır.  

5312 Sayılı Deniz Kirlenmesi Kanunu’nun gemiler bakımın-
dan uygulama alanını belirleyen diğer bir hükmü 23. madde-
sidir. Öncelikle bu hükmün bulunduğu yerin kanun yapma 
tekniği bakımından isabetli olmadığı belirtilmelidir. Zira 
kanunun aynı ölçüt bakımından uygulama alanını belirleyen 
esaslarının aynı hükümde düzenlenmesi uygun olur (Demir, 
2011)16. Uygulama alanına ilişkin düzenleme getiren mad-
denin kenar başlığının “Gemi yakıtlarından ve yüklerden 
kaynaklanan kirlilik” olması da ayrıca eleştirilmelidir.  

Hüküm incelendiğinde isabetsizliğin sistematik ile sınırlı kal-
madığı görülmektedir. Hüküm şu şekildedir: “Bir olayda, bu 
Kanuna tâbi olan veya olmayan bir geminin yakıt olarak 
taşıdığı petrol veya türevlerinden veya bu Kanuna tâbi olma-
yan geminin taşıdığı diğer zararlı maddelerden/yüklerden 
meydana gelen kirliliğe veya kirlilik tehlikesine müdahale ve 
zararların tespit ve tazmininde, bu Kanunun 5 inci maddes-
inin üçüncü fıkrası ile 8 inci ve 9 uncu maddeleri dışındaki 
hükümleri uygulanır. Türkiye'nin taraf olduğu uluslararası 
sözleşme hükümleri saklıdır.”  

Öncelikle DKK, gemilerden kaynaklanan kirlenme açısından 
kirletici maddenin petrol veya diğer bir zararlı madde ol-
masını ararken bu maddenin gemide yük veya yakıt olarak 
bulunması bakımından bir ayrıma gitmemektedir (Demir, 
2011)17. Ayrıca “Kanun’a tabi olan ve olmayan” ifadesine 
de değinilmelidir. Hüküm, Kanun’a tabi olmayan gemilere 
belli istisnalar dışında Kanun’un hükümlerinin uygu-
lanmasını öngörmektedir. Bu durumda 2. maddede belirlenen 
uygulama alanının anlamı tartışmalı hâle gelmektedir (Kara, 
2019)18. Öte yandan Kanun kapsamına giren gemilerin yakıt 
olarak taşıdığı petrol veya türevlerinden kaynaklanan zararlar 
bakımından Kanun’un belli hükümlerinin uygulanma kabili-
yetinin bulunmaması da isabetli değildir. Zira bu hükümler 
seyir, can, çevre ve mal emniyetine ilişkin standartların 

 
16  Ayrıca bkz.: DEMİR, Zararların Tazmini Esaslarına Dair 
Kanunun Değerlendirilmesi, s. 277-278. 
17  DEMİR, Zararların Tazmini Esaslarına Dair Kanunun 
Değerlendirilmesi, s. 277.  
18 Bu konuda örnekler için bkz.: KARA, 5312 Sayılı Kanuna Göre 
Zararların Tazmı̇nı̇, s. 327 vd.  
19 Hükmün ayrıntılı eleştirisi ve değerlendirmesi için bkz.: DEMİR, 
Zararların Tazmini Esaslarına Dair Kanunun Değerlendirilmesi, s. 
276-279. Ayrıca bkz.: KARA, 5312 Sayılı Kanuna Göre Zararların 
Tazmı̇nı̇, s. 327-328. 

mevcudiyeti ve bildirimlere (m. 5/3), mali sorumluluk gar-
antilerine (m.8) ve mali sorumluluk garantilerinin bildirimine 
(m. 9) ilişkindir ve uygulanmamalarının haklı bir gerekçesi 
bulunmamaktadır (Demir, 2011)19. Kanımızca Kanun’un 23. 
maddesinin isabetsiz düzenlemesi karşısında ulaşılabilecek 
en makul sonuç, 500 grostonun altındaki gemilere de diğer 
zararlı maddelerden kaynaklanan kirlenme bakımından 
Kanun’un birçok hükmünün uygulanabilecek olduğudur.  

B. Kirleten Madde Bakımından 

DKK m. 3/1-(m) de verilen tanıma göre “petrol”, “Denizlerin 
Gemiler Tarafından Kirletilmesinin Önlenmesine Ait 
Uluslararası Sözleşmenin (MARPOL 73/78) I inci ekinin I 
inci eklentisinde listelenen maddeler ile bu liste ile sınırlı 
olmaksızın ham petrol, akaryakıt, slaç, rafine ürünler ve to-
prak altında doğal olarak meydana gelen her türlü sıvı hidro-
karbon karışımını” ifade eder20. Deniz kirlenmesine sebep 
olabilecek ve Kanun’un uygulama alanında yer alan “diğer 
zararlı maddeler” e ilişkin tanım DDK m. 3/1-(d)’de yer 
almaktadır. Buna göre, “Denizlerin Gemiler Tarafından Kir-
letilmesinin Önlenmesine Ait Uluslararası Sözleşmenin 
(MARPOL 73/78) II nci ekinin II nci ve III üncü eklentilerinde 
listelenmiş maddeler ile bu liste ile sınırlı olmaksızın deniz 
ortamına karıştığında kirlenme yaratan radyoaktif maddeler 
hariç her türlü madde” diğer zararlı maddelerdendir. Verilen 
tanıma göre, radyoaktif maddeler hariç olmak üzere denizde 
kirlenmeye sebep olan her türlü madde Kanun’un uygulama 
alanındaki diğer zararlı maddelerdendir. Uygulamada deniz 
kirlenmesine en fazla sebep olan maddeler MARPOL 73/78 
ekindeki maddeler olduğundan bu maddelerin örnek 
gösterilmesinin isabetli bir tercih olduğu ifade edilmektedir 
(Demir, 2011)21. 

DKK kapsamında kirlenmeye sebep olabilecek maddeler 
üzerinde durulurken tekrar vurgulanması gereken husus 
şudur ki, ülkemizin taraf olduğu deniz kirlenmesinden 
kaynaklanan hukuki sorumluluğa ilişkin sözleşmelerin 
münhasır uygulanma kabiliyeti karşısında sadece bu 

20 Tanımın oldukça geniş bulunduğu ve 1992 HSS’de verilen petrol 
tanımından dahi ileri gittiği yönünde bkz.: DEMİR, Zararların 
Tazmini Esaslarına Dair Kanunun Değerlendirilmesi, s. 280.  
21  Ayrıca MARPOL’ün zararlı maddelerden ne anlaşılması 
gerektiği hususunda uluslararası alanda genel kabul görmüş bir 
düzenleme olması, Sözleşme’nin gemi kaynaklı deniz 
kirlenmesinin önlenmesine yönelik en temel ve teknik uluslararası 
enstrüman olarak kabul görmesinin de kanun koyucunun isabetli bir 
tercih yaptığını gösterdiği yönünde bkz.:  DEMİR, Zararların 
Tazmini Esaslarına Dair Kanunun Değerlendirilmesi, s. 280. 
Ayrıca bkz: KUYUCU MERİÇ, Petrol Kirliliğinden Doğan 
Sorumluluk, s. 90-91. 
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sözleşmelerin uygulama alanında bulunmayan zararlı mad-
deler açısından tatbiki mümkündür. CLC 92, bu Sözleşme’de 
yer alan “petrol” tanımı kapsamındaki maddeler; Bunker 
Sözleşmesi ise, bu Sözleşme’de yer alan “gemi yakıtı” tanımı 
kapsamındaki maddelerden kaynaklanan kirlenme hakkında 
münhasıran uygulama kabiliyetine sahip olduğundan, bu 
maddeler dışındaki ve DKK kapsamına giren maddeler 
bakımından ilgili Sözleşmeler’in DKK’nın önünde yer alma-
ları mümkün değildir. Buna karşılık Çevre Kanunu’nun 
oldukça geniş bir uygulama alanına sahip olduğu belir-
tilmelidir. İki kanun arasındaki özellik-genellik ilişkisi esas 
alındığında Deniz Kirlenmesi Kanunu’nun Çevre Kanunu’na 
göre özel nitelikli olduğu ve her iki kanunun uygulama 
alanında gözüken olaylarda DKK’nın uygulanması gerektiği 
sonucuna varılmalıdır.  

C. Coğrafi Alan Bakımından  

Deniz Kirlenmesi Kanunu’nun uygulama alanı “Tanımlar” 
başlıklı 3. maddede düzenlenmiştir. Hükme göre “uygulama 
alanı”, “Türkiye'nin iç suları, karasuları, kıta sahanlığı ve 
münhasır ekonomik bölgesinden oluşan deniz yetki alanlarını 
ve bu Kanunda öngörülen acil durumlarda, bu durumlara 
müdahale ve zararların tazmini amaçlarıyla sınırlı kalmak 
kaydıyla, Müsteşarlığın, Bakanlık, Dışişleri Bakanlığı ve 
ilgili diğer kamu kurum ve kuruluşlarının görüşlerini alarak 
vereceği karara bağlı olarak karasularının ötesindeki açık 
deniz alanlarını kapsar. (DKK m.3/1- (p)” 

Görüldüğü üzere, Kanun’un uygulama alanında “iç sular”, 
“karasuları”, “kıta sahanlığı”, “münhasır ekonomik bölge” 
yer almaktadır. Ayrıca kamu makamının uygun ve gerekli 
görmesi halinde açık deniz alanları da uygulama alanına dahil 
edilebilmektedir. Kanun’da, sayılan uygulama alanına dair 
tanımlara yer verilmediği görülmektedir. Deniz Kamu 
Hukuku öğretisinde kabul gören tanımların geçerli sayılması 

 
22  DEMİR, Zararların Tazmini Esaslarına Dair Kanunun 
Değerlendirilmesi, s. 281. 
23  Bu tanım Birleşmiş Milletler Deniz Hukuku Sözleşmesi m. 
8/1’de esas alınan tanımdır. Tanıma göre, karasularının iç sınırı ile 
kara ülkesi arasında kalan deniz kesimi iç sularıdır.: İsmail DEMİR, 
Türk Deniz Yetki Alanlarının Belirlenmesinin Hukuki Dayanakları 
ve İç Hukuk Üzerine Bazı Düşünceler, Adalet Dergisi, 2020/2, 
Sayı: 65, s. 32. “İç su, genel anlamada denizlerden uzak bölgelerde 
bulunan göl veya göletler olarak tanımlanmaktadır.”: https://so-
zluk.gov.tr. Çevrimiçi, erişim tarihi: 27.09.2023. 
24 DEMİR, Türk Deniz Yetki Alanları, s. 32. 20.05.1982 tarihli, 
2674 sayılı Karasuları Kanunu’nun 1. maddesinin 1. ve 2. 
fıkralarına göre, “Türk karasuları Türkiye ülkesine dahildir.” ve 
“Türk karasularının genişliği altı deniz milidir.” 
25  Selami KURAN, Uluslararası Deniz Hukuku, Beta, İstanbul, 
2020, s. 229. Ayrıca bkz.:  DEMİR, Türk Deniz Yetki Alanları, s. 

uygundur22. Buna göre, “iç sular” “karasularının ölçülmeye 
başlandığı esas hattın kara tarafında kalan deniz alanları 
(Demir, 2011)23”dır. Diğer bir ifadeyle, karasularının iç sınırı 
ile kara ülkesi arasında kalan deniz kesimi iç suları 
oluşturmaktadır.  “Karasuları”, kıyı devletinin kıyıları veya iç 
sularının dış sınırı ile açık deniz arasında kalan belirli 
genişlikteki deniz alanı (Demir, 2020)24, “kıta sahanlığı”, kıyı 
devletinin karasularının ötesinde fakat kıyıya bitişik su altı 
alanlarının deniz yatağı ve toprak altındaki cansız kaynak-
larını araştırma ve işletme konusunda münhasır egemen 
haklara sahip olduğu deniz alanı (Kuran, 2020; Demir, 
2020)25”; “münhasır ekonomik bölge”, kıyı devletine karasu-
ları esas hattından başlayarak 200 mil genişlikteki deniz 
alanında kalan su tabakası ile deniz yatağı ve onun toprak 
altında münhasır ekonomik haklar ve yetkiler tanıyan deniz 
alanı (Kura, 2020) 26” ve “açık deniz”, hiçbir devletin deniz 
ülkesine ait olmayan uluslararası deniz alanı (Kuran, 2020; 
Pazarcı, 2021; Toluner, 1989) 27  olarak anlaşılmalıdır 28 . 
Kanun’un uygulama alanının oldukça geniş tutulduğu, uygu-
lama alanının daha da genişletilmesine ilişkin yetkinin ise is-
abetli olarak deniz kirlenmesine ilişkin tedbirleri uygulama 
sorumluluğuna sahip olan kamu makamlarına verilmiş 
olduğu belirlenmektedir (Demir, 2011)29. 

D. Olay Bakımından 

DKK m. 3/1-(j)’ye göre Kanun’un uygulanacağı “olay”, 
“acil müdahale plânlarının uygulanmasını veya acil müda-
haleyi gerektiren çarpışma, kırılma, yangın, patlama veya 
diğer nedenlerle gemilerden veya kıyı tesislerinden kaynak-
lanan kirlenme veya zarar ortaya çıkaran veya ortaya çıkma 
tehlikesi yaratan bir durum” dur. Denizin kirlenmesine sebep 
olan veya kirlenmesi tehlikesi ortaya çıkaran çarpışma, 
kırılma, yangın, patlama Kanun’un uygulanması için yeter-
lidir. Ayrıca çarpışma, kırılma, yangın, patlama söz konusu 
olmasa dahi başka sebeplerle gemiden kaynaklanan kirlenme 

34. Coğrafi yönden kara suları, denizin 133 metreye kadar derin-
leştikten sonra büyük derinliklere ulaştığı keskin yamaç ile kıyı 
arasındaki alanı ifade etmektedir.: KURAN, Uluslararası Deniz 
Hukuku, s. 229; DEMİR, Türk Deniz Yetki Alanları, s. 34.  
26 KURAN, Uluslararası Deniz Hukuku, s. 251. 
27  KURAN, Uluslararası Deniz Hukuku, s. 287; Hüseyin 
PAZARCI, Uluslararası Hukuk Dersleri, Turhan Kitabevi, Ankara, 
2021, s.; Sevin TOLUNER, Milletlerarası Hukuk Dersleri, Beta, 
İstanbul, 1989, s. 290 vd.  
28  Açık denizde gerçekleşen kirlenmeye Türkiye’nin müdahale 
hakkının Uluslararası Hukuk kuralları çerçevesinde belirlenmesi 
gerektiği yönünde bkz.: KUYUCU MERİÇ, Petrol Kirliliğinden 
Doğan Sorumluluk, s. 92. 
29 Bu konuda bkz.: DEMİR, Zararların Tazmini Esaslarına Dair 
Kanunun Değerlendirilmesi, s. 281. 
 

https://sozluk.gov.tr/
https://sozluk.gov.tr/
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de uygulama alanında yer almaktadır. Dolayısıyla “gemiden” 
kaynaklanması şartıyla kirlenmeyi meydana getiren olay ne 
olursa olsun Kanun’da öngörülen acil durum planlarının uy-
gulanmasını veya acil müdahaleyi gerektiriyorsa hükümlerin 
tatbiki mümkündür.  

Kanun’un uygulanma imkânına sahip olması için 
gerçekleşmesi gereken olayın sonucunda bir “kirlenme” nin 
meydana gelmiş olması aranır. “Kirlenme”, Kanun’da 
nitelenen “olay” sonucunda petrol ve diğer zararlı mad-
delerin: 

“- canlı kaynaklara ve deniz yaşamına zarar verecek 

- insan sağlığı için tehlike oluşturacak, 

- balıkçılık ve denizlerin diğer yasal amaçlarla kullanımı da 
dahil olmak üzere, denizcilik faaliyetlerini engelleyecek, 

- deniz suyunun niteliğini değiştirme ve ekolojik dengeyi 
bozma gibi zararlı etkiler yaratacak şekilde deniz çevresine 
karışması” 

 nı ifade etmektedir (DKK m. 3/1 (h)).  

Görüldüğü üzere, Kanun koyucu denizdeki canlı kaynaklar, 
insan sağlığı, balıkçılık ve diğer yasal faaliyetler, deniz suyu 
ve ekolojik denge açısından zararlı etki doğuracak her türlü 
karışmayı kirlenme olarak nitelemektedir. Bu düzenleme de 
uygulama alanının oldukça geniş tutulmak istendiğini ortaya 
koymaktadır.  

E. Zarar Bakımından  

Kanun’un uygulama alanının tespiti açısından en önemli hu-
suslardan bir diğeri, “olay” ın gerçekleşmesi sonucunda 
ortaya çıkan hangi zararların tazmininin talep edile-
bileceğidir. Bu husus uygulama alanına ilişkin diğer esaslarda 
olduğu gibi “Tanımlar” maddesinde düzenlenmiştir.  

DDK m. 3/1- (r)’ye göre, Kanun’un 6. maddesinde belirtilen-
ler ile zararın tespitine, tazminine ve uyuşmazlıkların gideril-
mesine ilişkin masrafların tazmini talep edilebilir 30. İşaret 
edilen 6. madde Kanun’un sorumluluğa ilişkin temel 
hükmüdür. “Zarardan dolayı sorumluluk” başlıklı hükmün 1. 
fıkrasına göre, “Bu Kanun kapsamına giren gemi ve kıyı 
tesislerinin sorumlu tarafları, uygulama alanlarında gemi ve 
kıyı tesislerinden kaynaklanan olay sonucu ortaya çıkan kir-
lenmenin veya kirlenme tehlikesinin neden olduğu; temizleme 
masraflarını, koruyucu önlemlere ilişkin masrafları, canlı 

 
30  Hükmün kanun yapma tekniğine uygun olmadığına ilişkin 
değerlendirmeler için bkz.: DEMİR, Zararların Tazmini Esaslarına 
Dair Kanunun Değerlendirilmesi, s. 283-283. 

kaynaklar ve deniz yaşamına verilen zararları, bozulan 
çevrenin yeniden oluşturulması, toplanan atıkların taşınması 
ve bertarafı için yapılacak masrafları, geçim için kullanılan 
doğal ve canlı kaynaklarda meydana gelen zararları, özel 
mallardaki zararları, şahısların yaralanması ve ölümünden 
kaynaklanan zararları, gelir kayıplarını, gelir ve kazanç ka-
pasitelerine verilen zararları ve diğer kamu zararlarını 
tazmin etmekle müteselsilen sorumludur.” Görüldüğü gibi 
zarar listesi genel prensibe paralel şekilde oldukça geniş tu-
tulmuştur. Kirlenme veya kirlenme tehlikesinin sebep olması 
şartıyla, 

“- temizleme masrafları, 

- koruyucu önlemlere31 ilişkin masraflar, 

- canlı kaynaklar ve deniz yaşamına verilen zararlar, 

- bozulan çevrenin yeniden oluşturulması, toplanan 
atıkların taşınması ve bertarafı için yapılacak masraflar,  

- geçim için kullanılan doğal ve canlı kaynaklarda meydana 
gelen zararlar,  

- özel mallardaki zararlar,  

- şahısların yaralanması ve ölümünden kaynaklanan 
zararlar, 

- gelir kayıpları, gelir ve kazanç kapasitelerine verilen 
zararlar, 

- diğer kamu zararları”  

tazmini talep edilecek zararlardandır.  

F. Sorumlu Tutulacak Kişi Bakımından  

5312 Sayılı DKK gereğince denizde kirlenmeden kaynak-
lanan zararlardan sorumlu tutulabilecek kişilerin listesi 
oldukça geniştir. Muhtemel zarar sorumluları 6. maddede 
“Zarardan dolayı sorumluluk” başlığı altında “sorumlu tara-
flar” ifadesiyle belirtilmiştir. Bu ifade ile işaret edilmek 
istenen kişilerin kimler olduğu ise tanımlara ilişkin 3. mad-
dede açıklanmıştır. Buna göre “sorumlu taraf”, “zararın 
tazmini ve koruyucu önlemlerin karşılanması konusunda 
yükümlülük atfedilebilecek, beş yüz groston ve daha büyük 
petrol ve diğer zararlı maddeleri taşıyan gemiler ile kıyı 
tesislerinin sahipleri, işletenleri, kaptanları, idare edenleri, 
kiracıları, zilyetleri ve garantörleri”dir. Bu tanım esas 
alındığında, gemilerden kaynaklanan kirlenmeden sorumlu 

31 Koruyucu önlem: Bir olayın meydana gelmesinden sonra ortaya 
çıkabilecek muhtemel kirlenmeyi önlemek veya sınırlı tutmak 
amacıyla alınan tedbirler (DKK m. 3/1 (ı)). 
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tutulabilecek kişilerin “geminin maliki, işleteni, kaptanı, 
idare edeni, kiracısı, zilyedi, garantörü” olabileceği sonucuna 
ulaşılmaktadır.    

“Geminin maliki” nden anlaşılması gereken, gemiyi 
işletmiyor olsa da mülkiyetine sahip olan kişidir. Geminin 
donatanı (TTK m. 1061/1) ile donatan olmayan malik bu 
kapsamdadır. Geminin “işleteni” TTK m. 1061/2 anlamında 
“kendisinin olmayan bir gemiyi menfaat sağlamak amacıyla 
suda kullanan” kimseye karşılık gelmektedir. Bu bakımdan 
geminin “malik” inin da gemiyi denizde kullanması halinde 
“işleten” sıfatıyla, geminin işletilmesini bir başka kişiye 
bırakması halindeyse bu kişinin “kiracı” sıfatıyla sorumlu tu-
tulabileceği sonucuna varılmalıdır. Geminin “idare edeni” 
kavramı ile işaret edilmek istenen kişilerin kim veya kimler 
olabileceği oldukça muğlaktır. Örneğin, geminin teknik ve ti-
cari yönetimini bir gemi yönetimi sözleşmesi çerçevesinde 
üstlenmiş olan gemi yöneticisi gemiyi donatanın nam ve 
hesabına idare etmektedir. Zira gemi yöneticisi, donatan ile 
kurduğu sözleşme çerçevesinde donatana ait geminin veya 
gemilerin ticari, teknik veya diğer alanlardaki yönetimini tü-
müyle veya kısmen üstlenen ve bu ediminin karşısında 
kendisine ücret ödenen gerçek veya tüzel kişidir (Şeker Öğüz, 
2013)32. Gemi yöneticisi, donatanı temsilen hareket ettiğin-
den temsil ettiği kişiye yüklenebilecek bir sorumluluğun mu-
hatabı olması temsil hukuku esaslarına göre mümkün 
değildir 33 . Geminin “zilyedi” ifadesinin karşılığı belir-
lenirken TMK m. 973/1 esas alınmalıdır. Hükme göre, bir şey 
üzerinde fiili hâkimiyete sahip olan kimse onun zilyedidir. Şu 
hâlde gemi üzerinde fiili hâkimiyete sahip olan her kişi deniz 
kirlenmesinden sorumlu tutulabilir. Bu kişinin geminin mal-
iki ile içinde bulunduğu hukuki ilişkinin bir öneminin olma-
dığını belirtmek gerekir. Gemiyi haksız şekilde malikin fiili 
hâkimiyetinden çıkarmış ve kendi hâkimiyetine almış olan 

 
32  Zehra ŞEKER ÖĞÜZ, Gemi Yönetimi Sözleşmesi, Filiz 
Kitabevi, İstanbul, 2013, s. 7-8. Ayrıca bkz.: Aslıhan SEVİNÇ 
KUYUCU, BIMCO’nun Gemi Yönetimi Sözleşmesine İlişkin 2009 
Değişiklikleri, İstanbul Üniversitesi Hukuk Fakültesi Mecmuası, C. 
LXXI, S. 2, 2013, s. 361 vd. Sorumlu kişiler listesi dikkate 
alındığında kanun koyucunun deniz kirlenmesinden sorumlu tutula-
bilecek herhangi bir kimseyi tespit etme iradesini ortaya koyduğu 
söylenebilir. Esasen gemi yöneticisini işlemlerini donatanı temsilen 
yapmaktadır ve geminin işletilmesinden kaynaklanan zararlardan 
yöneticinin sorumlu tutulamayacağı hususunda şüphe bulun-
mamaktadır. Gemi yöneticisinin donatanı temsili hakkında bkz.: 
ŞEKER ÖĞÜZ, Gemi Yönetimi, s. 145-146. Bu noktada belir-
tilmelidir ki, Kanun kirlenmenin tazminine ilişkin etkili bir sistem 
oluşturma gayretindeyse de sorumluluk hukuku bakımından isabet-
siz düzenlemelere yer vermiştir. Özellikle kaptanın kirlenmeden 
sorumlu tutulacak kişiler arasında olması, yine kaptanın donatanı 
temsilen hareket ettiği dikkate alındığında, aşırı bir düzenleme 

kişi de “zilyet” sıfatıyla sorumlu tutulabilecektir. Geminin 
“garantörleri” geminin işletilmesinden kaynaklanan sorumlu-
luğa ilişkin sigorta teminatı sağlayan kişileri ifade eder. 5684 
Sayılı Sigortacılık Kanunu34 m. 15/1 gereğince “Türkiye’de 
yerleşik kişiler, Türkiye’deki sigortalanabilir menfaatlerini, 
Türkiye’de faaliyette bulunan sigorta şirketlerine ve Tü-
rkiye’de yaptırmak zorundadır.” Hükmün ikinci fıkrasında 
yurt dışında kurulabilecek sigorta sözleşmelerine yer ver-
ilmiştir. Gemilerin işletilmesinden doğan sorumluluğun tem-
inat altına alındığı sigortalar yurt dışında yapılabilecek 
sigortalardır. Bu sebeple geminin “garantörü” olarak Tü-
rkiye’de kurulmuş bir sigorta şirketi ile karşılaşılabileceği 
gibi yurt dışında kurulu sorumluluk teminatı sağlayan bir şir-
ket veya başka bir tüzel kişiliğin söz konusu olması da 
mümkündür.  

Sonuç  
Denizin petrol dışındaki zararlı maddeler ile kirlenmesinden 
kaynaklanan hukuki sorumluluk 5312 Sayılı Deniz Kirlen-
mesi Kanunu’na tâbidir. Kanun’un düzenlenme amacı hem 
deniz kirlenmesine acil müdahalenin sağlanması hem de 
meydana gelen kirlenme zararından kaynaklanan sorumluluk 
rejiminin oluşturulmasıdır. Bununla birlikte Kanun’un 
çelişkili bazı hükümler içerdiği ve sistematiğinin de kanun 
yapma tekniği açısından isabetli olmayan yönlerinin 
bulunduğu tespit edilmektedir. Öncelikle gemiler bakımın-
dan uygulama alanına ilişkin birçok belirsizlik barındırmak-
tadır. “…bu Kanuna tâbi olan veya olmayan bir geminin”, 
“bu Kanuna tâbi olmayan geminin” gibi ifadeler bir yasal 
düzenlemenin uygulama alanının belirlenmesinde önemli 
sakıncalar doğuracak muğlak ifadelerdir. Kanun’un uygu-
lama alanının bu tür muğlaklıklara yer vermeyecek şekilde 
açık ve anlaşılır olması gerekir. Kirleten madde bakımından 

olarak karşımıza çıkmaktadır. Kanun’un sorumlu kişiler listesinin 
ve müteselsil sorumluluk esasının deniz kirlenmesinden sorumlu-
luğa ilişkin uluslararası sözleşmelerin benimsediği esaslara da 
aykırı olduğu, muğlak olduğu ve özellikle kaptanın kirlenmeden 
sorumlu tutulmasının isabetsizliğine ilişkin ayrıntılı açıklamalar 
için bkz.: DEMİR, Zararların Tazmini Esaslarına Dair Kanunun 
Değerlendirilmesi, s. 289 vd. Gemi yöneticisinin “idare eden” kişi 
olduğu yönünde bkz.: KARA, 5312 Sayılı Kanuna Göre Zararların 
Tazmı̇nı̇, s. 331 vd. Kanun’un ululararası sözleşmelerde ben-
imsenen “sorumluluğun tek bir kişiye yöneltilmesi ilkesi”ni ben-
imsemediği yönünde bkz.: DEMİR, Zararların Tazmini Esaslarına 
Dair Kanunun Değerlendirilmesi, s. 290-291; KUYUCU MERİÇ, 
Petrol Kirliliğinden Doğan Sorumluluk, s. 95. 
33  “İdare edenleri” ifadesinin gemi yöneticisine işaret ettiği 
yönünde bkz.: KARA, 5312 Sayılı Kanuna Göre Zararların 
Tazmı̇nı̇, s. 331-332.  
34 14.06.2007 Tarihli, 26552 Sayılı RG. 
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değerlendirildiğinde ülkemizin taraf olduğu deniz kirlen-
mesine ilişkin uluslararası sözleşmelerin münhasır uygu-
lanma kabiliyeti gereği Kanun’un uygulama alanının oldukça 
daraldığı, Çevre Kanunu karşısında da öncelikli uygulanma 
imkânına sahip olduğu belirlenmektedir. Kanun, deniz kir-
lenmesine sebep olan madde ve kirlenme sonucunda ortaya 
çıkan zarar türleri bakımından uygulama alanını oldukça 
geniş tutmuştur. Bu oldukça isabetli bir yaklaşımdır. Zira 
deniz kirlenmesine sebep olan maddeler çeşitlilik gösterirken 
meydana gelen zarar türleri de aynı şekilde çeşitlidir. Bu 
düzenleme sayesinde denizin kirletilmesinin caydırılması 
açısından etkili bir sistem kurulmuş olmaktadır. Deniz kirlen-
mesinden kaynaklanan zarardan sorumlu tutulabilecek kişiler 
de geniş bir liste olarak verilmiştir. Esasen Kanun’un sorumlu 
kişi açısından kendine özgü ancak sorumluluk hukuku 
esaslarıyla bağdaşmayan, muğlak bir düzenleme yaptığını 
söylemek yerindedir. “Kirleten öder.” yaklaşımı belirlenerek 
kirlenme bakımından sorumluluk atfedilebilecek tüm kişiler 
ile bu kişilerin sorumluluklarına karşı teminat sağlayan 
kişiler söz konusu listede yer almaktadır. Her ne kadar 
kaleme alınışı itibariyle isabetsiz düzenlemelere yer vermişse 
de Deniz Kirlenmesi Kanunu’nun uygulamada etkili bir 
tazminat rejimi oluşturduğu tespit edilmektedir. 
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ABSTRACT 

Annelids were collected seasonally at Riva Stream from March 2018 to January 2019. In this study, 
1241 individuals (28 taxa; 4 families) of Annelida were identified. Various physicochemical pa-
rameter values [depth, width, flow rate, water temperature, dissolved oxygen, pH, electrical con-
ductivity, salinity, TP, o-PO4, NH4-N, NO2-N, NO3-N, TSS] were measured seasonally. The re-
sults of the analyses were evaluated according to TSWQR (2021). NPI water index values of the 
stations were also calculated in the study. Accordingly, it was found that the water quality of Riva 
and Değirmendere was more polluted than other stations. Bray Curtis similarity analysis was also 
evaluated regarding physicochemical parameters and taxa. Stations 2 and 3 were the most similar 
in terms of physicochemical parameters. In terms of taxa, stations 3 and 4 were found to be the 
most similar stations. According to CCA analysis, U. uncinata and L. hoffmeisteri appeared closely 
related to salinity, while E. tetraedra, H. naidina, H. stagnalis, P. deserticola and Nais sp. were 
shown closely related to width.  

Keywords: Oligochaeta, Annelida, NPI, Bray-Curtis, Aquatic ecology, Freshwater
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Introduction 
A stream is a continuous body of surface water flowing 
within the bed and banks of a channel. Depending on its lo-
cation or certain characteristics, various local or regional 
names may refer to a stream. Long, large streams are usually 
called rivers, while smaller, less voluminous, intermittent 
streams are known as brooks or creeks (Langbein & Iseri, 
1995). 

Benthic macroinvertebrates are widespread all over the 
world. They can be found in large rivers, small creeks, ponds, 
wetlands, and lakes and live on all bottom types, such as sand 
or rocks. Most benthic macroinvertebrates are present 
throughout the year; however, they are most easily found in 
summer. Many species burrow deep in the sediment during 
the colder months or remain inactive on rock surfaces (IIHR, 
2023). 

Benthic macroinvertebrates in the river ecosystem are distrib-
uted along the river under varying physical and chemical con-
ditions. At the same time, since these organisms are the or-
ganisms that are most affected by environmental changes in 
the river and best reflect the structure of the ecosystem in 
which they are located, they are the most widely used in bio-
monitoring studies (Bo et al., 2017; Akay et al., 2018). They 
are large enough to be seen with the naked eye and are abun-
dant in freshwater. They can be easily collected using a sieve 
with a pore diameter of 500 μm and examined in the field 
with a magnifying glass (Fındık, 2013). 

The phylum Annelida is divided into three orders: Polychaeta 
(marine), Oligochaeta (terrestrial and freshwater) and Hiru-
dinea (terrestrial, marine and freshwater leeches) (Wetzel et 
al., 2009). 

The aquatic oligochaetes are the most important macroinver-
tebrates, adapted to every type of water, such as saltwater, 
brackish water, and freshwater, including small streams, large 
rivers, marshes, ponds, lakes, springs, and groundwater. They 
are found in algae, aquatic vegetation, floating rotting mate-
rial, and bottom mud (Wetzel et al., 2000). They are an im-
portant food source for some invertebrates and fishes. They 
can be of importance in water management because of their 
potentially high densities (Brinkhurst & Jamieson, 1971), 
their wide distribution, and their indicator value (Milbrink, 
1973; Chapman et al., 1982; Särkkä, 1994). Leeches live in 
various extreme environments, including extreme tempera-
tures, humidity, salinity, pressure, pollution, and light (Phil-
lips et al., 2020). Members of the aquatic Hirudinea are toler-
ant of pollution or habitat disturbance (Demirsoy, 2005). 

Riva Stream is a freshwater basin with a length of 70 km lo-
cated on the Anatolian side of Istanbul. It connects to Ömerli 
Dam Lake, which provides 43% (approximately 395 million 
m3 per year) of the drinking water requirement of Istanbul 
(Anonymous, 2014).  

This study aimed to determine the Annelida fauna of Riva 
Stream and investigate the seasonal changes of some physi-
cochemical parameters. The study is important as the first 
record of this group in the region. 

Materials and Methods 
The Study Area 

The Riva Basin has a catchment area of approximately 859 
km² (Selçuk & Ongan, 1991; Tarkan, 2007). The stream starts 
from the village of Tepecik in Gebze and flows into the Black 
Sea from the town of Riva in Beykoz. Its length between 
Ömerli Dam Lake and the Black Sea is 32.2 km, and its ave-
rage slope is 0.06 percent. The area is between 41º14'-41º02' 
north latitude and 29º08'-29º22' east longitude (Pamukçu, 
2011). 

Riva Stream, also known as "Çayağzı Stream", lies within the 
provincial borders of Istanbul and Kocaeli. There are 15 vil-
lages in total in Beykoz, Sancaktepe, Çekmeköy and Şile dis-
tricts of Istanbul and 6 villages in Gebze district of Kocaeli 
(Akkaya, 2003). The stream passes through the villages of 
Koçullu, Ömerli, Sırapınar, Hüseyinli, Bozhane, Öğümce, 
Göllü and Paşamandıra and reaches Çayağzı. The section of 
the stream after the Ömerli Dam, which meets 48% of Istan-
bul's drinking water demand, is 75-80% covered with north-
ern forests. The rest of the catchment area consists of agricul-
tural areas and pastures. The people in this part of the basin 
make a living from agriculture, forestry, animal husbandry 
and tourism and work as labourers in facilities. Recreation 
areas, restaurants, and picnic areas are active along the Riva 
Stream. 

A map of the study area and sampling stations is given in Fig-
ure 1.  

ST1. Riva: It is one of the closest points of the Riva Stream 
to the Black Sea and is located on the main branch of the 
stream. Heading towards the station's north, one reaches the 
centre of Riva, the settlement area within the village and the 
recreational boats. It is quite wide and deep, but the flow ve-
locity is low. Large stones are at the bottom, and the sediment 
is covered with slime.  



 
 

 

 

  Aquatic Research 7(1), 39-50 (2024) • https://doi.org/10.3153/AR24005                                                           Research Article 

 

41 

ST2. Kuzdere: The bottom is covered with large pebbles. 
Water quality and flow rate vary according to the season. Ac-
cess to the sampling point is difficult due to private properties 
and weeds. 

ST3. Kanlıdere: It is located on the road connecting the old 
settlement of Reşadiye and Cumhuriyet villages. Except for 
the spring season, it is a shallow line. The water is clear alt-
hough the bottom is covered with large and small pebbles. 

ST4. Atdosun: It is located in Göllü Village. In 2015, it was 
covered in the national press, and it was observed that there 
was a line connecting to the tributary where sudden fish 
deaths occurred. It is narrow and shallow. The bottom is cov-
ered with large and small pebbles. In summer, reaching the 
stream is difficult due to weeds and thorny plants. 

Figure 1. The study area and sampling stations 

 

Sampling stations and their coordinates are presented in Ta-
ble 1. 

Table 1.     The sampling stations’ coordinates. 

No Station Coordinates 
ST1 Riva N41°12'45.88" 

E29°13'31.22" 
ST2 Kuzdere N41°10'57.64" 

E29°13'59.15" 
ST3 Kanlıdere N41°07'08.30" 

E29°16'09.80" 
ST4 Atdosun  N41°10'25.00" 

E29°16'17.60" 
ST5 Değirmendere N41°07'58.30" 

E29°16'55.50" 
 

ST5. Değirmendere: The side road opposite the gas station 
on the right to Ishaklı Village. There are few settlements 
around it. It is a very deep station. The bottom is covered with 
loam. Lemna sp. covered the water surface in summer.  

Sampling  

Samples were collected seasonally from the stations from 
March 2018 to January 2019. A 0.5 mm mesh D-frame hand 
net was used to collect the samples. Annelid samples were 
preserved in 70% ethyl alcohol. Annelida samples brought to 
the laboratory were separated from the sediment, placed in 
tubes containing 70% alcohol and labelled. After permanent 
preparation using CMCP-10 (polyvinyl lactophenol), anne-
lids were described by Brinkhurst & Jamieson (1971), Brink-
hurst (1975, 1986), Kathman & Brinkhurst (1998), Timm 
(2009), Wetzel et al. (2000). Since some individuals are de-
formed or young, they are given as subfamilies. Dominance 
values were calculated according to Bellan-Santini (1969). 

Depth (as cm), width (as cm), flow rate (as m/s), water tem-
perature (as °C), dissolved oxygen (as mg/L), pH, conductiv-
ity (as μS/cm), and salinity (as ppm) values were measured 
by using multiparameter in situ. NO3-N (as mg/L), NO2-N (as 
μg/L), o-PO4 (as μg/L), TP (as μg/L), and TSS (as g/L) values 
analysed according to APHA, AWWA, and WPCF (1989). 
NH4-N (mg/L) values were measured using the SM 4500 NH3 
B, F methodology.  

Water Quality Indice (NPI) 

The nutrient Pollution Index (NPI) is a widely used tool in 
assessing nutrient pollution in surface water resources based 
on NO3 and PO4 concentrations (Isiuku & Enyoh, 2020; Lar-
rea-Murrell et al., 2022). The nutrient pollution index calcu-
lation formula is given below. 

 

NPI =  
CN

MACN
 +

CP
MACP

 

 

CN: The levels of NO3-N in water sample (mg/L) 

CP: The levels of PO4-P in water sample (mg/L) 

MACN: The maximum limit of NO3-N (mg/L) 

MACP: The maximum limit of PO4-P (mg/L) 

MACN and MACP they are taken from (TSWQR, 2016). 
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Statistical Analysis 

All results obtained were transformed using statistical tech-
niques with LogBase10 in Microsoft Office Excel 2003 and 
SPSS 9.0 for Windows programs (Krebs, 1999). The similar-
ity of the selected sampling stations in terms of physicochem-
ical parameters and species was compared using Bray-Curtis 
Cluster Analysis in the BioDi-versity Pro 2.0 programme 
(McAleece et al., 1997). Canonical Correspondence Analysis 
was applied to understand the relationship between some 
physicochemical and biological data (Hammer et al., 2001).  

Results and Discussion 
In this study, 1241 individuals total (in m2) belonging to 28 
taxa and 4 families of Annelida that 2 taxa belonging to the 
Lumbricidae family; Lumbricidae, Eiseniella tetraedra Savi-
gny, 1826; 1 taxon were identified belonging to Glossiphoni-
idae family; Helobdella stagnalis (Linnaeus, 1758); 3 taxa 
belonging to the Enchytraeidae family; Henlea ventriculosa 
d'Udekem, 1854; Henlea perpusilla Friend, 1911; En-
chytraeus buchholzi Vejdovský, 1879; 21 taxa belonging to 
the Naididae family; Aulodrilus limnobius Bretscher, 1899; 
Homochaeta naidina Bretscher, 1896; Limnodrilus 
claparedeanus Ratzel, 1868; Limnodrilus profundicola Ver-
ril, 1871; Limnodrilus hoffmeisteri Claparède, 1862; Limno-
drilus udekemianus Claparède, 1862; Limnodrilus sp.; Naidi-
nae; Nais sp.; Ophidonais serpentina Müller, 1773; Pristina 
sp.; Psammoryctides albicola (Michaelsen, 1901); Psam-
moryctides deserticola (Grimm, 1877); Potamothrix hammo-
niensis (Michaelsen, 1901); Psammoryctides sp.; Rhyacodri-
lus coccineus (Vejdovsky, 1875); Stylaria lacustris Linnaeus, 
1767; Tubifex tubifex (Müller, 1774); Tubificinae; Uncinais 
uncinata (Ørsted, 1842); Vejdovskyella intermedia Bretscher, 
1896 and a subclass, Hirudinea, were identified. The identi-
fied taxons are new records for the region. 

With 595 individuals (47.95%), the ST5 had the highest num-
ber of individuals in all stations. It was followed by ST3 and 
ST4 with 286 individuals (23.05%) and 226 individuals 
(18.21%), while ST1 had 85 individuals (6.85%) and ST2 had 
49 individuals (3.95%) in total. 

According to family dominance (%) in all stations, Naididae 
was determined to be 91.46%. 21 of 28 taxa belonging to the 
naidids. The other families were also determined as Lumbri-
cidae 5.40%, Hirudinea 1.53%, Enchytraeidae 1.21%, and 
Glossiphoniidae 0.40% (Figure 2). 

Considering the dominance (%) of seasons according to indi-
vidual numbers, the winter season had the highest percentage 
of Annelid at 44.32%. The Autumn season was determined 

as 31.02%, the summer season was determined as 14.10%, 
and the spring season was determined as 10.56% (Figure 3). 

 

Figure 2. The dominance ratio (%) of Annelid families. 

 

Figure 3. The distribution and dominancy rate (%) of taxa 
in terms of the seasons. 

Most Naidid species are cosmopolitan and adapt to different 
conditions (Brinkhurst & Jamieson, 1971; Wetzel et al., 
2000). The most dominant species was Tubifex tubifex (293 
individuals (23.61%). The Tubificinae subfamily followed up 
the taxon with 245 individuals (19.74%).  Individuals belong-
ing to this subfamily are deformed or juveniles and are there-
fore given as a subfamily. Therefore, it represents a large 
group. L. hoffmeisteri (77 individuals and 6.20%) was also 
determined as one of the most dominant species in this study. 
Together with T. tubifex and Tubificane, they were both the 
most dominant and widely distributed in all stations, despite 
the difference between the measured physicochemical param-
eter values. Both T. tubifex and L. hoffmeisteri are found in 
organically rich surface water habitats (Brinkhurst & Ja-
mieson, 1971; Brinkhurst, 1975; Wetzel et al., 2000; Hare & 
Shooner, 1995) L. hoffmeisteri, a highly pollution-tolerant 
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species, is one of the most widely distributed freshwater Oli-
gochaeta worldwide (Arslan & İlhan, 2010). 

In order, P. albicola (228 individuals, 18.38%) and O. ser-
pentina (83 individuals, 6.69%) were determined as the other 
dominant species. At the same station, L. udekemianus was 
found with 36 individuals, and it is a highly cosmopolitan 
species that can be distributed even in very different environ-
ments (Timm, 1970).   

According to Timm (1980), although A. limnobius, E. tetrae-
dra, L. claparedeanus, Pristina sp., R. coccineus, Lumbri-
cidae, Naidinae, Nais sp., Limnodrilus sp. are widely distrib-
uted and cosmopolitans; except for Lumbricidae, they were 
found in one or two different stations in this study. Lumbri-
cidae was determined in all stations except the second station. 

19 individuals (1.53%) from the Hirudinea subclasses have 
been examined. While this taxon was found in winter at sta-

tion 5, it was found in the summer and autumn seasons at sta-
tion 3. The leeches get oxygen through their skin, and they 
have a tolerance for pollution or habitat disturbance 
(Demirsoy, 2005). 

The determined species were generally found in previous 
studies (Arslan, 2006; Demiroğlu & Mısıroğlu, 2010; Koşal 
Şahin & Yıldız, 2011; Odabaşı et al., 2018; Özbek et al., 
2018). E. tetraedra, E. buchholzi, H. perpusilla, L. hoffmeis-
teri, L. udekemianus, Naidinae, Nais sp., O. serpentina P. al-
bicola P. deserticola, S. lacustris, T. tubifex, Tubificinae spe-
cies were also reported from Thrace Region (Taş et al., 2012; 
Aydın & Çamur Elipek, 2019). H. ventriculosa; H. per-
pusilla; Nais sp.; Pristina sp. and S. lacustris were found as 
single individuals in all stations (0.08%). Total numbers and 
dominance ratios (%) of taxa in terms of stations are shown 
in Table 2. 

Table 2. According to the stations, the individual number of taxa and the dominance (%). 

Familia Taxon ST1 ST2 ST3 ST4 ST5 T %D 

Lumbricidae Lumbricidae  1 - 18 22 23 64 5.16 
Eiseniella tetraedra Savigny, 1826 - 2 1 - - 3 0.24 

Glossiphoniidae Helobdella stagnalis (Linnaeus, 1758) - 5 - - - 5 0.40 

Enchytraeidae 
Henlea ventriculosa d'Udekem, 1854 - 1 - - - 1 0.08 
Henlea perpusilla Friend, 1911  - - 1 - - 1 0.08 
Enchytraeus buchholzi Vejdovský, 1879 - - 3 - 10 13 1.05 

Hirudinea Hirudinea - - 11 - 8 19 1.53 

Naididae 

Aulodrilus limnobius Bretscher, 1899 - - 6 - - 6 0.48 
Homochaeta naidina Bretscher, 1896 - - - 7 - 7 0.56 
Limnodrilus claparedeanus Ratzel, 1868 - - - 10 - 10 0.81 
Limnodrilus profundicola Verril, 1871 - - - - 10 10 0.81 
Limnodrilus hoffmeisteri Claparède, 1862 21 1 23 30 2 77 6.20 
Limnodrilus udekemianus Claparède, 1862 - 3 3 11 19 36 2.90 
Limnodrilus sp.  2 - - - 24 26 2.10 
Naidinae - - - 7 - 7 0.56 
Nais sp. 1 - - - - 1 0.08 
Ophidonais serpentina Müller, 1773 - 2 - 1 80 83 6.69 
Pristina sp. - 1 - - - 1 0.08 
Psammoryctides albicola (Michaelsen, 1901) 7 5 28 - 188 228 18.38 
Psammoryctides deserticola (Grimm, 1877) 1 14 - - 9 24 1.93 
Potamothrix hammoniensis (Michaelsen, 1901) 10 - 49 - 2 61 4.92 
Psammoryctides sp.  5 1 - - 2 8 0.64 
Rhyacodrilus coccineus (Vejdovsky, 1875) - 2 - - - 2 0.16 
Stylaria lacustrisLinnaeus, 1767 - - - 1 - 1 0.08 
Tubifex tubifex (Müller, 1774) 15 3 73 46 156 293 23.61 
Tubificinae 18 6 68 91 62 245 19.75 
Uncinais uncinata (Ørsted, 1842) - 3 2 - - 5 0.40 
Vejdovskyella intermedia Bretscher, 1896) 4 - - - - 4 0.32 

Total 85 49 286 226 595 1241  
  Dominance% 6.85 3.95 23.05 18.21 47.95   
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With 595 individuals (47.95%), the ST5 had the highest num-
ber of individuals in all stations. It was followed by ST3 and 
ST4 with 286 individuals (23.05%) and 226 individuals 
(18.21%), while ST1 had 85 individuals (6.85%) and ST2 had 
49 individuals (3.95%) in total (Table 2). 

Depth values were ranged 19.75-46.5 cm; width values were 
ranged 174-6749 cm; flow rate values were ranged 0-
0.85m/s; water temperature values were ranged 12.58-
14.88°C; dissolved oxygen values were ranged 5.815-9.46 
mg/L; pH values were ranged 7.73-8.08; conductivity values 
were ranged 130-1900 μS/cm; salinity values were ranged 
0.045-1.31; TP values were ranged 86.93- 366.71 μg/L; o-
PO4 values were ranged 22.66-186.47 μg/L; NH4-N values 
were ranged <0.5- 4.99 mg/L; NO2-N values were ranged 
12.46-83.28 μg/L, NO3-N values were ranged 0.24-0.54 

mg/L and TSS values were ranged 0.17-2.08 g/L measured.  
The average of physicochemical parameter values is shown 
in Table 3. 

When the physicochemical data were analysed seasonally, 
dissolved oxygen values were found to be of class III water 
quality at station 1 and class I at the other stations. Electrical 
conductivity values were of class III water quality at the first 
and 5th stations, class II water quality at the 2nd and class I 
at the other stations. Total phosphate was found to be class III 
at stations 1 and 5, class II at stations 2, 3 and 4, o-PO4 was 
class III at stations 1, class I at stations 2 and 4, and class II 
at stations 3 and 5. NH4-N was found to be class III water 
quality at the first station and class II at the other stations 
(TSWQR, 2021).

Table 3. Seasonal and average values of sampling stations 

RİVA 
 Unit Spring Summer Autumn Winter Average TSWQR, 2021 Quality Parameters 

Depth cm 36 34 371.4 24 32.75   
Width cm 6916 6578 6646 6676 6749   

FR m/s 0 0 0 0 0   
Temp. °C 11.5 24.5 18.1 5,4 14.88   

DO mg/L 4.82 3.46 3.47 11,5 5.81 <6 III 
pH - 8.67 7.7 7.14 7,91 7.86   
EC μS/cm 2440 1120 3070 970 1900 ˃1000 III 

Salinity ppm 1.25 2.4 1.4 0.2 1.31   
TP μg/L 265.74 569.39 476.28 155.43 366.71 ˃0,2 III 

o-PO4 μg/L 43.47 332.82 293.67 75.92 186.47 ˃0,16 III 
NH4-N mg/L 3.12 6.55 9.45 0.83 4.99 ˃1 III 
NO2-N μg/L 77.08 104.37 108.23 43.43 83.28   
NO3-N mg/L 0.46 0.22 0.33 0.73 0.44   

TSS g/L 2.5 3.1 1.93 0.79 2.08   
KUZDERE 

 Unit Spring Summer Autumn Winter Average TSWQR, 2021 Quality Parameters 
Depth cm 17 19 18 25 19.75   
Width cm 370 280 193 370 303.25   

FR m/s 1.2 0.2 0.2 0.6 0.55   
Temp. °C 10.5 21.5 17.7 5.8 13.88   

DO mg/L 9.7 5.82 4.7 13.76 8.50 ˃8 I 
pH - 8.82 7.69 7.07 8.04 7.91   
EC μS/cm 410 600 440 320 422.5 1000 II 

Salinity ppm 0.34 0 0 0 0.09   
TP μg/L 218.06 66.59 79.89 85.13 112.42 0,2 II 

o-PO4 μg/L 20.38 15.22 28.23 26.79 22.66 <0,05 I 
NH4-N mg/L 0.59 <0.5 <0.5 <0.5 <0.5-0.59 1 II 
NO2-N μg/L 18.12 42.36 55 8.37 30.96   
NO3-N mg/l 0.6 0.27 0.39 0.41 0.42   

TSS g/l 0.4 0.4 0.28 0.16 0.31   
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KANLIDERE 
 Unit Spring Summer Autumn Winter Average TSWOR, 2021 Quality Parameters 

Depth cm 24 17 20 47 27   
Width cm 297 267 220 490 318.5   

FR m/s 2.3 0.2 0.2 0.7 0.85   
Temp. °C 11.5 16.6 15.7 6.5 12.58   

DO mg/L 10.08 6.78 6.8 12.39 9.01 ˃8 I 
pH - 8.88 6.32 7.16 9.63 8.00   
EC μS/cm 310 40 20 150 130 <400 I 

Salinity ppm 0.17 0 0 0 0.04   
TP μg/L 50.46 46.95 186.1 64,19 86.93 0,2 II 

o-PO4 μg/L 12.79 8.54 83.12 37,05 35.38 <0,05 I 
NH4-N mg/L <0.5 0.59 0.82 <0,5 <0.5-<0.7 <0,05 II 
NO2-N μg/L 5.47 5.59 27.46 11,3 12.46   
NO3-N mg/L 0.41 0.18 0.16 0,31 0.27   

TSS g/L 0.1 0.1 0.45 0.01 0.17   
ATDOSUN 

 Unit Spring Summer Autumn Winter Average TSWQR, 2021 Quality Parameters 
Depth cm 15 12 18 52 24.25   
Width cm 163 177 132 224 174   

FR m/s 0.4 0.15 0.2 0.2 0.24   
Temp. °C 11 21.6 15.9 4.4 13.23   

DO mg/L 10.34 8.83 6.02 12.65 9.46 ˃8 I 
pH - 8.59 7.57 7.2 8.96 8.08   
EC μS/cm 580 10 40 250 220 <400 I 

Salinity ppm 0.16 1.2 0 0 0.34   
TP μg/L 234.19 135.31 85.88 82.89 134.57 0,2 II 

o-PO4 μg/L 55.01 35.72 49.64 55.76 49.03 ˃0,2 I 
NH4-N mg/L 0.63 0.63 <0.5 <0.5 <0.5-0.63 <0,05 

 
II 

NO2-N μg/L 9.81 12,32 35.02 13.03 17.55   
NO3-N mg/l 0.31 0,15 0.16 0.34 0.24   

TSS g/l 0.1 0,3 0.29 0.05 0.19   
                                                 DEĞİRMENDERE  

 Unit Spring Summer Autumn Winter Average TSWQR, 2021 Quality Parameters 
Depth cm 84 23 32 47 46.50   
Width cm 484 350 370 592 449   

FR m/s 0.2 0 0 0.12 0.08   
Temp. °C 12 24.9 16,2 5.4 14.63   

DO mg/L 7.58 5.52 6.76 12.57 8.11 ˃8 I 
pH - 7.92 7.51 7.4 8.1 7.73   
EC μS/cm 550 390 1100 480 630 1000 II 

Salinity ppm 0.27 0.4 0.3 0 0.24   
TP μg/L 114.27 558.87 429.16 186.84 322.29 ˃0,2 III 

o-PO4 μg/L 66.1 163.92 292.95 172.92 173.97 0,16 II 
NH4-N mg/L 0.71 6.47 4.56 <0.5 3.91 1 II 
NO2-N μg/L 28.3 53.86 203.89 15.94 75.50   
NO3-N mg/l 0.7 0.12 0.93 0.4 0.54   

TSS g/l 0.3 0.8 0.7 0.26 0.52   
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When the NPI values of the stations are analysed in terms of 
seasons 

Spring season; ST3<ST2<ST4<ST1<ST5 

Summer season; ST3<ST2<ST4<ST5<ST1 

Autumn season; ST2<ST4<ST3<ST1<ST5 

Winter season; ST2<ST3<ST4<ST1<ST5.  

NPI values were found as no pollution at station 3 in the 
spring season and moderate pollution at other stations. In the 
summer season, stations 2, 3, and 4 were no pollution, while 
stations 1 and 5 were considerably polluted. In autumn, sta-
tion 2 was not polluted while stations 3 and 4 were moder-
ately polluted. In this season, stations 1 and 5 were consider-
ably polluted. In the winter season, stations 1, 2, 3, and 4 were 
found to be moderately polluted. In the same season, station 
5 was found to be considerably polluted.  According to the 
NPI index, Riva and Değirmendere were more polluted than 
other streams (Table 4). 

 

Table 4. NPI Indices of the stations in terms of seasons 

 ST1 ST2 ST3 ST4 ST5 
Spring 1.478 1.285 0.804 1.456 2.232 
Sum-
mer 

6.924 0.598 0.425 0.753 3.377 

Au-
tumn 

6.286 0.975 1.836 1.036 7.170 

Winter  2.477 1.004 1.057 1.501 3.990 
 

When the stream waters are evaluated regarding physico-
chemical parameters, the 2nd and 3rd stations are the most sim-
ilar (76.37%). The 4th station joins this similarity. ST1 and 
ST3 were the least similar stations (12.75%) (Figure 4a). 

When the similarity of the taxa detected in the sampling sta-
tions in terms of stations was analysed, it was seen that the 
3rd and 4th stations were the most similar stations with a rate 
of 61.71%. The 5th station participates in this similarity. ST2 
and ST5 were the least similar stations (9.31%) (Figure 4b). 

The CCA triplot shows that lines represent environmental 
variables and dots represent taxa (Figure 5).  

 

Figure 4a. The similarity of the stations in terms of physi-
cochemical parameters 

 

Figure 4b. Similarity of the stations in terms of taxons 

Two axes, 43.44% (first Axis) and 24.29% (second Axis), ex-
plain a total of 67.73%. The CCA triplot shows that the spe-
cies distributed parallel to the second axis, and width, salinity 
and TSS values were closest to the second axis. Considering 
the triplot, TSS was found to be the key parameter for the 
distribution of taxa. U. uncinata and L. hoffmeisteri appeared 
closely related to salinity, while E. tetraedra, H. naidina, H. 
stagnalis, P. deserticola and Nais sp. were shown closely re-
lated to width (Figure 5). L.udekemianus was not found in the 
main tributary, which is quite different from the other stations 
regarding physical and chemical properties. The CCA triplot 
given in Figure 5 shows that the distribution of this species 
and the salinity value were positioned oppositely. Both meas-
urements and statistical analysis show that salinity should be 
important in the distribution of this species. 
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Figure 5. CCA triplot [Abbrv.: Lum: Lumbricidae; et: E. tetraedra; hs: H. stagnalis; hv: H. ventriculosa; hp: H. perpusilla; 
eb: E. buchholzi; hi: Hirudinea; al: A. limnobius; hn: H. naidina; lc: L. claparedeanus; lp: L. profundicola; lh: L. hoffmeis-
teri; lu: L. udekemianus; lsp: Limnodrilus sp.; nai: Naidinae; nsp: Nais sp.; os: O. serpentina; prsp: Pristina sp.; pa: P. al-
bicola; pd: P. deserticola; ph: P. hammoniensis; pssp: Psammoryctides sp.; rc: R. coccineus; sl: S. lacustris; tt: T. tubifex; 

tub: Tubificinae; uu: U. uncinata; Vi: V. intermedia; wt: water temperature, sal: salinity, TSS: suspended solid, cond: conduc-
tivity, fr: flow rate] 

Our study can be compared with previous studies conducted 
in the Riva stream. Karadeniz (2007) reported that the pH of 
the stream varied between 6.7-8.54. Uzun (2012) reported 
that the pH varied between 7.08 and 7.68. Compared to our 
study, it can be said that the water of the Riva stream is 
slightly more basic. Karadeniz (2007) reported that the tem-
perature of the stream was between 4-26.7°C; Uzun (2012) 
reported that it was between 8.51-26.26°C. It is seen that 
there is not much change between the temperature values, and 
the values are close to each other in these three studies. When 
compared with our study, it was reported that the water of the 
Riva stream was slightly more basic and dissolved oxygen 
values varied between 0.6-7.8 mg/L by Karadeniz (2007) and 
between 2.16-5.77 mg/L by Uzun (2012). In our study, dis-
solved oxygen values were higher than in other studies. Elec-
trical conductivity values were reported to vary between 292-
1725 µS/cm by Karadeniz (2007) and 537-2164 µS/cm by 
Uzun (2012). Our study shows that electrical conductivity 
values are quite high in Riva and Değirmendere (Table 3). 

Conductivity, which is a measure of the electrical capacity of 
water, expresses the change in the concentration of dissolved 
solids in water (Kara & Çömlekçioğlu, 2004). Both the rock 
structure in the riverbed and pollution can affect the electrical 
conductivity of water (Barlas, 1988). 

As the temperature increases, the concentration of dissolved 
ions increases due to evaporation and electrical conductivity 
increases (Durhasan, 2006). Karadeniz (2007) reported that 
PO4-P values vary between 1.06-3.54 mg/L. In our study, it 
is seen that o-PO4 values are quite high (Table 3). 

When the study found similar results compared with previous 
studies, Odabaşı et al. (2018) investigated the aquatic oligo-
chaeta fauna of the Biga Peninsula rivers and their seasonal 
changes. They reported that 33 taxa belonged to oligochaeta. 
They found that the pH and NO3-N values of the streams were 
in the 1st class quality, and the EC, DO, and BOD values were 
between the 1st and 2nd class water quality. Albayrak et al. 
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(2023) determined 9 taxa from oligochaeta in their study in 
Göksu stream. They reported that the DO values of the stream 
are between the 1st and 2nd class, EC values are in the 2nd 
class, TP values in the 3rd class, o-PO4 values in the 1st class, 
and NH4-N values in the 2nd class. 

As a result, high electrical conductivity and o-PO4 values can 
be attributed to increased pollution load in the streams. In this 
study, while the first records were given for Kuzdere, 
Kanlıdere, Atdosun and Değirmendere, time-dependent 
changes were presented for Riva. 

Conclusion 
In terms of water quality, Kuzdere, Kanlıdere, and Atdosun 
can be considered as potable water. However, water use from 
these areas is not recommended until monitoring continues 
and good-quality water is identified. 

Riva and Değirmendere were found to be heavily polluted 
both physically and chemically. Both physicochemical pa-
rameters and the NPI index supported this. For these stations, 
where only tolerant species can shelter, pollution sources 
should be identified, and these sources should be cut. As one 
of these stations is a main tributary and is close to the sea, 
protecting the entire settlement pattern around the Riva 
Stream and all biological elements, including marine life is of 
utmost priority. It is recommended that the investigations 
continue along the stream following the main tributary and 
that the pollution status be determined in other tributaries. 
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lated into a high volume of publications with a 
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may even invite these authors. Reviews should 
describe, discuss, and evaluate 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 subhead-
ings 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, particu-
larly educative cases, may also be submitted as a 
“Short Communication”. Readers can also com-
ment on the published manuscripts as a “Short 
Communication”. The main text should contain 
“Title”, “Abstract”, “Introduction”, “Materi-
als and Methods”, “Results and Discussion”, 
“Conclusion”,  “Compliance with Ethical Stand-
ards”, and “References” sections.  
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Page Abstract 
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Tables 
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Abbreviations in the tables should be defined be-
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processing software and arranged clearly to pro-
vide easy reading. Data presented in the tables 
should not be a repetition of the data presented 
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text. 

Figures and Figure Legends 

Figures, graphics, and photographs should be submit-
ted through the submission system in the main docu-
ment's Word files (in JPEG or PNG format). Any in-
formation within the images that may indicate an indi-
vidual or institution should be blinded. The mini-
mum resolution of each submitted fig-
ure should be 300 DPI. To prevent delays in the evalu-
ation 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 
primary 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 
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When a drug, product, hardware, or software program 
is mentioned within the main text, product infor-
mation, including the name of the product, the pro-
ducer of the product, and city and the country of the 
company (including the state if in the USA), should be 
provided in parentheses in the following format: “Dis-
covery St PET/CT scanner (General Electric, Milwau-
kee, 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 
original articles should be mentioned in the Dis-
cussion section before the conclusion paragraph. 
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